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This projectcollected linguistic data for spatialrelationsacross a typologically and genetically varied set of languages. In the linguistic analysis, we focus on the ways in which propositions may be functionallyequivalentacross the linguistic communitieswhile nonethelessrepresenting semanticallyquite distinctiveframesof reference.Runningnonlinguisticexperimentson subjects from these languagecommunities,we find that a population'scognitive frameof referencecorrelates with the linguistic frame of reference within the same referentialdomain.*



This studyexaminesthe relationshipbetweenlanguageandcognition INTRODUCTION. througha crosslinguistic and crossculturalstudy of spatial reference. Beginning with a crosslinguisticsurveyof spatialreferencein languageuse, we find systematicvariation thatcontradictsusual assumptionsaboutwhatmustbe universal.However,the available numberof general spatialsystems for describingspatialarrayscan be sortedinto a few distinctive frames of reference. We focus on two frames of reference:the ABSOLUTE, based on fixed bearingssuch as northand south,andthe RELATIVE, based on projections from the humanbody such as 'in front (of me)', 'to the left'. In assessing language use, it is not enough to rely on descriptionsof languages that are based on conventional elicitation techniques as these may not fully reflect actual socially anchoredconventions.We have developed andused director/matcherlanguage games which facilitateinteractivediscoursebetween native speakersaboutspatialrelations in tabletop space. The standardizednature of these games allows more exact comparison across languages than is usually possible with conventionally collected discourse. Having observed the variationof language use across communities,we furtherask whether there is correspondingconceptual variation-the question of the linguistic relativity of thought. For this, we developed nonlinguistic experimentsto determine the speaker's cognitive representationsindependentlyof the linguistic data collection. The findings from these experimentsclearly demonstratethat a community's use of linguistic coding reliably correlates with the way the individual conceptualizes and memorizes spatial distinctions for nonlinguisticpurposes. Because we find linguistic relativityeffects in a domainthatseems basic to humanexperienceandis directlylinked to universally sharedperceptualmechanisms,it seems likely that similar correlations between language and thought will be found in other domains as well. 1. A CROSSLINGUISTIC AND CROSSCULTURAL STUDY OF SPATIALREFERENCE.The pri-



mary goal of our projectis to test, refine, and reformulatehypotheses about language and human cognition drawing on in-depth informationfrom a broad sample of non* This article developed from a presentationentitled 'Culturalvariationin spatial conceptualization'at the Ontologyof Space Workshops,FirstInternationalSummerInstitutein Cognitive Science, SUNY Buffalo, July 1994. The presenterswere Eve Danziger, Kyoko Inoue, Sotaro Kita, PauletteLevy, Eric Pedersonand David Wilkins. All of the current authors made substantive intellectual and written contributionsto this paper. All figures copyrightof the Max Planck Institutefor Psychology. 557
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(Indo-)Europeanlanguagesand cultures.To this end, we rely on independentlyderived analysesboth of the linguisticfacts andof conceptualrepresentationsduringnonlinguistic tasks. Many linguistic studies that characterizethemselves as cognitive have proceeded directly from a semantic analysis (often of a single language) to speculations on the natureof humanconceptualcategories.Much linguistic work emphasizesthatthe categories of spatialrelationsunderlienonspatialreasoningas well. MacLaury(1995, 1997), for example,takesthe basic relationshipbetweena (spatial)figureanda (spatial)ground to analogicallyunderliethe organizationof color categorization.While such work can usefully serve to formulatetestablehypothesesaboutcognition, we must also explicitly link the resultsof semanticanalysis with the resultsfrom (nonlinguistic)psychological research-and this is seldom done (although see Lucy 1992b). Experimentalstudies in cognitive linguistics such as that of Sandra and Rice (1995)-while of importance-engage the subjectsin languagetasks. Experimentalwork such as thatdiscussed in Tomlin 1997 concerns the mapping relation between a controlled cognitive state (attention)and co-temporaneouslinguistic production.In contrastto such studies, we explore the relationsbetween linguistic and nonlinguisticbehaviorby examiningeach independently. We focus here on the variationin spatial conceptualization.More specifically, we address the categorizationof small-scale scenes accordingto propertiesattributedto the axis transverseto the viewer, i.e. left/right discriminationof static locations in tabletop space. All humans, and indeed many other mammals, share the same neurophysiological subsystems, whether visual, auricularor kinesthetic, involved in knowing where our bodies are. The basic physical environment(whethercity or camp, desert or swamp) is likewise similar:gravityexerts pressure,objects scale accordingto size and distance, etc. Repeated through the philosophical, psychological, and linguistic literature,we find the assumptionthat humansnaturallycategorize their spatial environmentusing the planes of the human body-dividing 'front' from 'back' and 'left' from 'right'. This division, together with 'up' and 'down', gives us the three dimensions of naive space. ImmanuelKant (1768, translation1991, cf. Levinson & Brown 1994) argues for the fundamentaland irreduciblenatureof the left/right distinction.Views similar to Kant's dominatethe psychology of language and semantics(see Clark 1973, Lyons 1977:690, or Miller & Johnson-Laird1976). That is, 'front' and 'back' and 'left' and 'right' have been conceived of as fundamentalsolutions to the problem of angles on the horizontalplane: using non-horizontalplanes, we can divide the horizontalplane into front/backhalves and left/righthalves. Then we can talk aboutthings to the 'front' and 'left' of ourselvesby defining regions of space projectedfrom our own body parts. Clark,for example, makes a numberof predictionsaboutlanguageacquisition,based on the following assumptions.'We arenow in a positionto summarizethe main characteristics of man's P(perceptual)-space.When man is in canonical position, P-space consists of threereferenceplanes and three associateddirections:(1) groundlevel . . . and upward is positive; (2) the vertical left-to-rightplane through the body ... and forwardis positive; and (3) the verticalfront-to-backplane . . . both positive directions' (1973:35). 'Since P-space is a humanuniversal,it should conditionL[linguistic]-space in every language' (1973:54). For speakers of modernEuropeanlanguages, there is an intuitive appeal to the assumptionthatprojectingone's own body quadrantsinto regions of space is fundamental and universal, but this assumption must be tested. To start with, are the linguistic
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systems that describe spatial location essentially the same or are they variable across languages?If variable,arethe differencesmerely linguistic or do they imply conceptual or cognitive differences?1If it proves possible to show significantculturalvariationin nonlinguisticspatialcognition which in turncorrespondsto variationsin the linguistic system, then there is a generallesson for the cognitive sciences: even apparentlybasic conceptual representationsare formed from an interactionof biological endowment with significantly varying culturaland linguistic input. To search for greater linguistic variation, we look at less familiar languages. In this article we demonstratethat there is notable linguistic variationin the linguistic representationsof such spatialrelations.This naturallyleads to the questionof whether speakers also COGNIZEabout spatial relations in different ways. Indeed, we find that there is also variationin cognition that significantly challenges common assumptions aboutwhat is conceptuallyuniversal.Covariationof linguisticrepresentationandcognitive representationraises the topic of linguistic relativity.2 This work expands on previous linguistic relativitystudies by consideringlanguage data in two atypical ways: (1) we used as broad a set of languages as was practically possible and (2) we looked at patternsof language use, not just grammaticaldescriptions. This work is domain specific-not unlike the work within the color traditionof Berlin and Kay (1969) (see the discussion of domain-specific research in linguistic relativity in Lucy 1997). In our case, however, we start with patternsof extensional referencederivedfrom interactionaldiscourseratherthan with an elicitationof lexical items. The workpresentedherehas been conductedin thirteendifferentlanguagecommunities using data from ten language families, with parallel researchinto the associated cultures.3Table 1 lists the researchersresponsible for the study of the particularlanguage communities.4 Except for the work in Tamil Nadu, the Netherlands,and Japan,these field sites are within small-scale 'traditional'and often nonliteratesocieties. Most of these communities have had no extensive linguistic or culturaldocumentation,and researchwithin them requires more anthropologicalfield techniques. These field sites provide long1The same issues recur, often in specialized form, in many areas of the psychology of language. For example, to what extent must children,duringtheir acquisitionof language, learn to make culture-specific discriminationsof meaning,and to what extent are the majordimensionsalreadygiven to them in the natural processes of development? Or consider the implications of the fact that certain semantic discriminations (e.g. concerningthe visibility of referentsor their shape or their number)are obligatoryin some languages but not in others. Does this imply that nonlinguistic thoughts may be different for speakers of different languages(Lucy 1992b) or thatthoughtsto be encoded have to be regimentedinto a certainlanguage-specific form just priorto encoding (Slobin 1991, 1996)? 2 Linguistics(and the cognitive sciences in general)is witnessinga growingattentionto issues surrounding linguistic relativity (see Lucy 1992a, Lee 1996, Gumperz& Levinson 1996, Bowerman& Levinson 1998, Wassmann & Dasen 1998). We will be concerned with establishing covariationbefore positing a causal model. 3Arandic is a subfamily name. In connection with this research,Wilkins has done research on several very closely related Arandic varieties (often considered from a linguistic standpointto be dialects of the one language-see Wilkins 1989). These include MparntweArrernte,EasternArrernte,Western Arrernte, Alyawarrand Anmatyerre. 4 Note thatclosely relatedfieldworkhas also been conductedin additionalcommunitiesby otherresearchers associated with the project: Inuktitut(Shanley Allen), Pohnpeian (Elizabeth Keating), Yucatec (Suzanne Gaskins,John Lucy), Tzotzil (JohnHaviland,Lourdesde Le6n), Tongan (GiovanniBennardo),Yupno (Jurg Wassmann),Bettu Kurumba(EricPederson),Popolucan(RobertoZavala),Jaminjung(Eva Schultze-Berndt), Saliba (Anna Keusen), Guugu Yimithirr(John Haviland,Lourdesde Le6n, Stephen Levinson).
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Mopan Tzeltal Yucatec Totonac Kilivila Longgu Kgalagadi Haillom Arandic Tamil Belhare Dutch Japanese



FAMILY (COUNTRY)



RESEARCHER



E. Danziger Mayan (Belize) P. Brown, S. Levinson Mayan (Mexico) C. Stolz Mayan (Mexico) Totonacan(Mexico) P. Levy G. Senft Austronesian(PapuaNew Guinea) Austronesian(Solomon Islands) D. Hill Bantu (Botswana) S. Neumann Khoisan (Namibia) T. Widlok D. Wilkins Pama-Nyungan(Australia) E. Pederson Dravidian(India) B. Bickel Tibeto-Burman(Nepal) Staff Indo-European(Netherlands) K. Inoue, S, Kita Uncertain(Japan) TABLE1. Languagecommunitiesunderconsideration.



term bases for past and future research. Accordingly, each researchercan conduct linguistic and experimentalwork monolingually,while at the same time developing an ethnographicunderstandingof the local communityand its structure. Clearly,the numberof languagesand culturesunderdetailed examinationis smaller than ideal and should not be interpretedas representativeof the world's languages. 'New' language communities could not be casually added to the sample, since the nature of this researchrequires that each researcherbe a committed field worker at thatsite. Even thougha conveniencesample,this set of languagecommunitiesis broader in typological and culturalrange thanmost other in-depthcomparative(typically pairwise) work in semantics and conceptualstructure(see Lucy 1996, 1997 for a survey of recent work). In collecting our languagedata, we look carefullyat interactivelanguageUSE within speech communitiesratherthan relying on general grammaticaldescriptionsor lexical elicitation with individuals.We examine the semantic and functionalqualities of language in controlled,but naturalistic,contextsand derive our semantictypingfromthese contexts.5All language data have been drawndirectly from native speakerdiscourse with no relianceon secondarysources.6Afteranalyzingthese linguisticdata,we hypothesize which cognitive representationsmight be associated with each type of language use. These predictions are confirmed in nonlinguistic experiments, one of which is reportedon in detail here. 2. SPATIALREFERENCE IN LANGUAGE. We begin our investigation with a survey of



the languageused in spatialdescriptions.Occasionalfield reports(e.g. Bateson & Mead 1942; Laughren 1978 for Warlpiri;Lee 1950 and Harvey Pitkin quoted in Talmy 1983 for Wintu;and Haviland 1993 for Guugu Yimithirr),had already suggested that 5 See Lucy (1992b) who-in addition to more naturalisticobservations-had consultantsdescribe line drawingsand generatedlinguistic generalizationsfrom those descriptions.From these observations,he also formulatedand tested specific hypotheses about correspondingconceptualization/cognition. 6 These dataare furthersupportedby traditionalelicitation, the collection of naturallyoccurringlanguage usage, as well as ethnographicobservationsof naturallyoccurringspatialbehaviorandculturaluses of space. Many of the researchersassociated with this project are principalresearchersfor the language they work with: Danziger (1994, 1996a) for Mopan, Brown (1994) for Tzeltal; Levy (1992a,b, 1994) for Totonac; Senft (1986, 1996) for Kilivila; Hill (1994) for Longgu; Wilkins (1988, 1989, 1997) for Arrernte(see also Wilkins & Hill 1995), and Bickel (1997) for Belhare.
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the projectiveleft/right distinction(e.g. 'the man is to my left/right of the tree') might not have a fundamentaland universalrole in spatial conception-at least as revealed by language. Some languages might not use a projective left and right for spatial referenceat all. Indeed, as fieldworkon this topic became more comparative,we found more fundamentalculturalvariationthan had been imagined possible in the cognitive sciences. For an overview, see Levinson (1996, 1998) and Senft (1997). This is particularly interestingbecause spatialreferenceand cognition is where one might not expect deep culturaldifferences. Differences may be great across culturesin terms of navigation (particularlyin different types of terrain),but the interactionwith the immediate environment(e.g., items placedbefore a subject)mighthave been expectedto be largely structuredin terms of common systems of humanperceptionand motor operations. OF LINGUISTICDATA. A vital part of our research has been 2.1. FOCUSEDCOLLECTION



the productionof a set of instrumentsfor collecting reliable data about spatialdescription in differentlanguages and cultures.It is not a trivialundertakingto design stimuli that will systematicallycover an expected set of possible oppositions (an ETIC grid), while being open to unexpectedkinds of discrimination.Nor is it possible, even if one is well informedin advance,to cover all the distinctionsin any one languageexhaustively, because this would entail a set of stimuli of unmanageablesize for comparativework. A kit of tasks and stimuliwas devised and modifiedby (especially) Penelope Brown, Eve Danziger, Lourdesde Leon, Stephen Levinson, Eric Pederson,GunterSenft, and David Wilkins.This kit consists of a set of stimulusmaterialsfor field workersincluding suggestionsfor conductingfocused elicitationsusing interactivegames, and (most relevant to the currentdiscussion) specific probes into target areas of special interest for spatialexpressions.7The probe tasks involve a DIRECTORwho is allowed to see (arrays of) stimuli and a MATCHERwho cannot see the stimuli,but who must use the director's verbal instructionto re-createwhat the directorsees from a set of duplicatematerials. Table 2 provides a partiallist of the types of games in this kit. LANGUAGE GAME



TYPE



Men-and-tree Photographmatching;horizontalplane relations Farm animals Matchingobject arrays;horizontalplane relations Wooden man Matchingposture configurationswith human model Route descriptions Motion on horizontalplane TinkerToy? Complex figure construction;caused motion elicitation TABLE2. Director/matchergames for spatial relations.



We stress that such elicitation tasks create a particularizedcontext with its own dimensions and parameters,and results obtainedfrom any one task can be assumedto be applicable only to substantiallysimilar contexs. Nonetheless, there is generally a high degree of agreementbetween languageuse in such spatially-focusedcontexts and that observed in more day-to-day contexts. In all field sites, other extensive investiga-



tions were conductedto provide additionalvalidationof the more exacting procedure of these director/matchergames. These varied across researchersand field conditions, but included traditionallanguage consultantwork and narrativecollection. 7 The kit expands upon de Le6n's (1991) earlier use of interactionalgames as a method for focused linguistic elicitationwith Tzotzil speakers.Carrolland von Stutterheim(1993) use similartechniques.These in turndrew on yet earlier studies by Clarkand Wilkes-Gibbs (1986) and Weissenbom (1986). For a more detailed descriptionof these methods, see Senft (1994b).
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We focus here on data from one such game: the men-and-treegame. We select this game for discussionbecause it involves static arraysof objects on the horizontalplane. This game consists of four subgames.Each subgameis played with two identical sets of twelve color photographs.8These sets containsubsetsof photographswhich contrast with one anotheralong single parameters.One set is placed (in a shuffled array)in frontof the director,and the other(in a differentshuffledarray)in frontof the matcher. The two players sit side by side and are screenedoff from one anothersuch that they cannot see each other'sphotographs,nor can they see each other's gestures(see Figure 1). All sessions were audiotapedand most were videotaped. Twosetsof 12 photos,shuffledandplaced in frontof eachplayer.Withinthe randomly set of photos are a targetsubsetand some distractors.
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DIRECTOR [Task:Describe photos in such a way thatmatcher can identify which photo the directorhas chosen.] FIGURE
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MATCHER [Task:Select the photo which the directordescribes. If uncertain,then talk with the directorto clarify.]



1. Arrangementfor playing the men-and-treegame.



The directorselects one of the twelve photographsand describesit (especially as it contrasts with the other photographs)to the matcher. From verbal description and discussion alone, the matchermust select the photographthat the directordescribes. After both players agree that they have selected the same photograph,the selected photographis put aside, the directorselects anotherphotographfromone of the remaining eleven photographs,and play continuesuntil all photographshave been described. Players may back up play to look at and discuss photographsdiscussed earlier;the matchermay subsequentlyrevise selections if so desired. The players are encouragedto interactwith and question each other during play. Most playersdo discuss the photographs(sometimesextensively) providingboth meta8 Eve Danzigerand Eric Pederson,with assistancefrom Penelope Brown and many others,were primarily responsiblefor the design of the game. We are awarethatthe use of photographicstimuli introducesa fixed perspective (from the camera) of the depicted objects, which may complicate the analysis. Other related language games used the manipulationof three-dimensionalobjects.
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FIGURE2. Sample photographsfrom set 1.



commentaryas well as elaborateduse of spatial descriptors.Further,the extensional reference of the spatial terms can be directly observed on the selected photographs. Ambiguitiesor unclaritiesfor the matchersare typically observableto the investigator throughthe matches which the players consider. The first (training)set of play (set 1) shows various arrangementsof small objects (e.g. two photographsof a small carved containerwith a lid slightly or fully ajar,see Figure2). This set-while interestingfor its own material-does not highlightcontrasts in horizontalplane relationships. There are three more sets (2,3,4) of play. These other three sets contain a mixture of (i) photographswith criticalhorizontalplane contrasts(with toy men and sometimes a tree, hereafter called the FOCALSET of photographs) and (ii) photographs with other



types of distinctions, showing objects other than toy men and trees-along the lines of the photographsin set 1. For example, in set 2, two photographsshow brightly colored balls and two show a toy man in the middle or in the lead of a line of pigs. For currentpurposes,these may be treatedas distractorphotographs.In the following discussion, we focus on set 2 as the most relevantto transversespatialrelations. The focal subsetof horizontalplanephotographsfrom set 2 (i.e. numbers2.3 through 2.8, see Figure 3), show a featuredobject (toy man with a clear front and back) and a nonfeaturedobject (a toy tree with little differentiationof its sides). The arrangement of these figures was designed to elicit spatialreferencein two ways: (i) discussion of differencesin transverse(to the viewer/speaker)location, and (ii) discussion of differences in the orientationof the featuredobject (the toy man, who is facing along the transverseaxis in photographs2.3, 2.4, and 2.5). For this set, a toy man was chosen to provide obvious body features to use for locations and a toy tree was chosen as having minimally salient physical featureswith which to locate the toy man. Given that these photographsare part of an interactivediscourse task involving a matcherand director,we may view this set as essentiallyconstitutingits own discourse world. Within the constraintsimposed by the linguistic system on the one hand, and the photo world and the particularcontext of play on the other hand, each directormatcher pair may devise and negotiate their own repertoireof linguistic means for identifying distinctionsin that discourseworld duringthe course of playing the game. Recall that this particulardiscourse world involves the absence of visual contact between speakerandaddressee.A directlylinguisticresultof this preimposedconstraint is thatdirectdeictic locutionsand gestures(e.g. 'this one'; explicit pointing)areuseless for distinguishingstimuli from one another.Without such a constraint,such deictic
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2.3



2.4



2.5



2.6



2.7



2.8 FIGURE 3. The photographsfrom set 2 depicting transverserelations.



indication might well have surfacedas the preferredor even the exclusive linguistic means of identifyingphotographsfor many speakers.The motivatingadvantageof this elicitationdesign is thatparticipantsin this discourseworldcan drawonly on the shared verbal language system to solve the problems of spatial referenceposed by the task 1986). (see Weissenbomrn The outputof the task is a streamof interactivediscourse that can be transcribed, glossed, and translated.Example 1 providesa sampleverbaldescriptionof photograph 2.8 taken from the transcriptof a pair of Arremte (Arandic) speakers (collected in CentralAustraliaby Wilkins.)
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(1) Photo 2.8 is described as the 4th description (2:5-9-10-8-2-4-6-12-1-11-73) S.T. (woman, late thirties) directing V.D. (woman,fifties) Game played facing north [director sitting east of matcher] Nhenhe kenhe ularre-theke tne-me, warlpele re, this/here but face.towards-wARDs stand-Npp,whitefellah 3SGS, are-me-le tne-me, arne itwe-le. Ularre-theke tree near-LOC look-NPP-SSstand-NPP, face.towards-wARDs ikngerre-thayte-le.,,, Ikngerre-thayte-lewarlpele re tne-me east-side-Loc whitefellah 3sGS stand-NPP east-side-Loc.,,, ularre-theke are-me, arne-arlekenhe itere-le. face.towards-wARDs look-NPP,tree-Foe but side-Loc 'In this next one (he's) standingfacing towards us, the whitefellah, next to the tree. (He's) standinglooking towards us, (standing)on the east side. [Long pause, with no response from matcher]The whitefellah is standingon the east side and looking towardsus, but the tree is at (his) side.' The richnessof detail embodied in such transcripts-some of it spatial and some of it nonspatial and interactional-hinders efficient and direct initial identificationand comparisonof basic systems of spatialreferenceemployed by speakersfrom a variety of speech communities. To facilitate such comparison,furthercoding and processing of the data is required.In ?2.2, we presentone of the means we employed for making the crosslinguisticdatamore amenableto both qualitativeand quantitativecomparison. (This analysis was developed by Wilkins.) 2.2. FUNCTIONAL What one language does with a dedicated morEQUIVALENCE.



pheme, another language might express with a constructionand/or pragmaticrules. Accordingly, in order to allow for broad scale comparisonof languages, our level of comparisoncan be neithermorphemesnor lexical items. Rather,our level of crosslinguistic comparisonmust be contextuallyinterpretedutterances.9We are extendingthe scope of researchin linguistic relativity:instead of comparinggrammaralone, we are comparing linguistic PRACTICE-the meaning patternsthat consistently emerge from domain-directedinteractivediscourse of members of a given speech community. We begin the analysis of the focal set of game 2 with a systematizeddescriptionof each pair's interactionand of the distinctions they identify. From this approach,we are able to determine the FUNCTIONAL of propositions for certain types of EQUIVALENCE



extensional contrasts.For any target subset of photographsin a particulargame, two propositionsare functionallyequivalentif they distinguishthe exact same subgroupof photographsfrom the rest. For example, 'tree in east' will be functionallyequivalent to 'man in west' for these photographs. 9 It may be temptingto try to comparespeakersof languagesthatmake differentgrammaticaldistinctions (as has been done by, e.g., Lucy 1992b) on the assumptionthatgrammaticaldifferencesare somehow deeper (or at least more pervasive) than different uses of lexical elements. To conduct such research,one would need to find comparablegrammaticaldomainswhich categorizeconceptual-semanticdistinctionsdifferently. One would then ask whether these crosslinguistic differences in the treatment(i.e. the carving up) of the same grammaticaldomaincorrespondin a regularandpredictablefashionto aspectsof nonlinguisticcognitive behavior. Such an approachmay be effective when it comes to pairwise comparisonof languages,but runs into serious difficulties once the sample of languages includes a numberof typologically distinctlanguages.
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The metalanguagefor renderingthe propositionsin our data is a form of annotated English. The propositionsrenderthe numberof arguments(as understoodin discourse), the figure/groundrelation,andthe particularspatialrelation.In the recordedinteraction, we look first for those negotiated propositionsthat allow the matcherto narrowhis/ her searchdomainwithin the subset of photographsunderconsideration.Such propositions are labeled DISTINGUISHINGPROPOSITIONS.Propositions that are true of all focal



photographsin the photo world underexamination(e.g., 'thereis a man' or 'the man is holding a stick') are excluded from currentconsideration.For example, an Englishspeaking director who uses an utterancewhich encodes the proposition 'the man is standing on the left', has narrowedthe director's search domain within the focal set down to photographs2.3, 2.4, and 2.7 (see Figure 3), and this then is considered a distinguishingproposition.To furtherisolate photograph2.4 from this set of three, the directormust providean utterancewith anotherdistinguishingproposition,such as 'the man is facing to the left' or 'the manhas his back to the tree', andthe two distinguishing propositionstogetherwill be sufficientto enable the matcherto select photograph2.4.10 In the Arandicexample given above (1), the directoruses threedistinguishingpropositions to identify photograph2.8: 'manis standingeast' (or more specifically 'the man is standingon the east side); 'manis facing us' (or more specifically 'the manis standing facing towardsus'); and 'tree is at man's side'. After extractingthese propositionsfrom the sessions, we can tabulatewhich propositions were used by consultantswhen describingthat photograph.We can also indicate which photographsthose propositionsare true of (whetheror not they were used for a given photograph).The Arrernte(Arandic)example of (1) plus the additionalmaterial from that session is given in Table 3. Note that by this stage of data processing, we TABLE3. Distinguishingpropositionsused by Arrerntepair, Men and Tree focal set, Game 2. PHOTOGRAPH



PROPOSITION



2.3



2.4



tree standingin east tree standingin west man standingin east man standingin west



*



*



man facing (looking) eastwards man facing (looking) westwards man facing (looking) towardsus (= S) man facing (looking) away from us (= N)



*/



tree is at man's side man looking towards tree man looking away from tree Position selected in game Orderselected in subset (2.3-2.8) Successful match?
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6th 3rd



1st 1st



7th 4th



11th 5th



4th 2nd



+



+



+



+



+



+-



propositionwas said of this photograph(whethertrue or not) * propositionis true of this photograph(whetherused or not) + match successful i.



10This assumes that by that point in the play, 2.4 has not been falsely selected earlier.
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have abstractedwell beyond the actual linguistic forms used by language in order to compare across propositionsor propositiontypes. Across the top of the table appearthe numbersof each of the pictures in the focal set. Down the side, we note the propositionsused to distinguishthe photographscenes in playing the game. We indicate with a checkmarkwhich photographthe proposition was actuallyused for; a bullet indicateswhich photographor photographsthatproposition is in fact true of, irrespectiveof whetherthe directorchose to describe the photograph with that proposition. This is relevant because the matcher could reasonably interpretthat propositionas referringto each photographwe indicate with a bullet. We grouppropositionsaccordingto the types of informationthey make use of-for example, we separatepropositionsabout standinginformation('tree standingin east') from propositionsabout facing information('man facing west'). Finally, we note the orderin which the photographswere selected for descriptionin the course of the game. As the game proceeds, the set of possible choices becomes smaller. If we were concernedwith an erroranalysishere, the reduceddegrees of freedom(andthe variable order of play) in this design would become critical. Since we are simply considering the types and use of distinguishingpropositionsat this stage, the dataarerobustenough to give a clear picture of usage.1' Table 3 lists contrastson both horizontalaxes (sagittalandtransverseto the players). Consideringjust the transverseaxis, we see that the propositions'tree standingin east' and 'man standing in west' (or, more precisely, the Arrerntelinguistic forms from which these propositionsare derived) are functionallyequivalentbecause they identify photographs2.3, 2.4, and 2.7 together as a subgroupas opposed to 2.5, 2.6, 2.8. In this contrast set, the man and the tree are arrangedin such a way that from the observer'spoint of view in the photographs2.3, 2.4, and 2.7 the man is on the left and the tree is on the right side of the photograph(see Fig. 3). Conversely,in 2.5, 2.6, and 2.8, the man is on the right andthe tree is on the left. Accordingly,the English propositions 'man standingleft of tree' and 'man standingrightof tree' would be systemically functionallyequivalentto respectivelyeach of the aforementionedpairsof propositions used by Arandic players facing north. That is, the English propositionswould make the same contrastivecut among the photographs. With this type of analysis we create a databasefor each language which is readily comparablewith all the otherlanguagesof our sample. The systems of relatedpropositions in differentlanguages are functionallyequivalentif they reveal exactly the same patternof contrastingsubgroupsof photographs.Assembling the functionallyequiva' Still, one might ask whetherthe diminishingset of choices and variableplaying orderhave a significant effect on what people say. As far as the analysis in this paper is concerned, it does not appearto. Firstly, directorsoften gave very full descriptionseven to the last photo (on the chance of picking up an errorthat may have been made earlier). Table 3 for instance reveals that, for the Arrernte(Arandic)pair discussed above, the very last photo discussed in the game (2.3) was described by two distinguishingpropositions ('man facing eastwards' and 'man looking towardstree'), which would have uniquely identified the photo no matterat which stage of the game the descriptionhad been given. Further,a photo that is no longer on the table may still remainin the discoursecontext. In all of the sites, there are occasions where people would refer to photos that had already been described ('You remember the one where. . .', 'It's like the one that. . .'). Even where descriptionsbecome reducedsuch thatthey do not contain the same numberof distinctionsas may have been given for earlierphotos, the type of distinguishing propositions does not change. There is no evidence in our data that, for instance, early in the descriptions one sort of spatial language is used and in the reduced descriptionsa different sort of spatial language is used. On the rare occasions where a directorcomes to the end and says something like 'last photo', then the proposition would not be considered a distinguishingpropositionand would not show up in the table and subsequentanalysis.
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lent propositionsacross our sample of languages allows us to ask whetherplayer-pairs from differentlanguage communitiescontrastthe same groups of photographsin this discourseworld. Because the contrastbetween 2.3, 2.4, 2.7 vs. 2.5, 2.6, 2.8 is the most directlyrelevantto our concernsaboutencoding of transversespatialrelations,we will limit our discussion to this specific contrast. The first questionto ask is whetherthis contrastbetween these two subsets of photographs is actually encoded by all the speech communities. (Players may solve this matchingtask without making a cut that groups 2.3, 2.4, 2.7.) Table 4 lists examples of (functionallyequivalent)propositionsthat distinguishthe photographs2.3, 2.4., 2.7 from 2.5, 2.6, 2.8.12Languagecommunitiesare orderedsuch that groups with similar patternsof usage are placed near one anotherin the table. DISTINGUISHINGPROPOSITION LANGUAGE



PLAYER-



COMMUNITY



PAIRS



PROPOSITIONSTRUE OF PHOTOS2.3, 2.4 & 2.7 AND NO OTHERS



PROPOSITIONSTRUE OF 2.5, 2.6 & 2.8 AND NO OTHERS



'man standingin west' 'man standingin east' 'tree standinguphillwardsof man' 'tree standingdownhill of man' 'man stands in "river land"' 'man stands in "land of soft sand"' 'tree standingon inland side' 'tree standingon side towards sea' 'tree on south' 'tree on north' 'tree stands west' 'tree stands east' 'man is on your side' 'man is on my side' 'tree left of man' 'tree right of man' 'man at right' 'man at left' 'man is at right side of tree' 'man is at left side of tree' 'man standingto right of tree' 'man standingto left of tree' (no functionalequivalent) (no functionalequivalent) (no functional equivalent) (no functionalequivalent) TABLE4. Cross-linguisticfunctionalequivalents. a See Brown and Levinson (1993a). b See Neumann and Widlok (1996) and Widlok (1997). c See Hill (1997). d See Bickel (1997). e See Neumann and Widlok (1996) See Danziger (1996b, 1997, 1998).



Arandic Tzeltala Hai omb Longguc Tamil Totonac Yucatec Belhared Kgalagadie Japanese Dutch Kilivila Mopan1



4 3 4 1 4 2 4 3 1 3 3 6 3



This table illustrates,among other things, that the one subset of three photographs can be distinguishedfromthe otherin severaldifferentways. Thatis, functionalequivalence is independentof the semanticsof the expressions.In Tzeltal (Mayan),for example, speakersuse the propositions 'tree standingdownhill of man', and 'tree standing uphillwardsof man'. These propositionsare functionallyequivalentin the context of play to the Belhare (Sino-Tibetan)propositions 'tree to the right of man' and 'tree to the left of man', as well as to the Longgu (Austronesian)propositions 'tree standing on the side towards sea' and 'tree standing on the inland side'. As the English-style metalanguageis designed to evoke, the semantics of these different propositionsare quite distinct. In contrastto the bulk of the languages sampled,there was a systematic absenceof this contrastamongplayer-pairsspeakingKilivila (Austronesian)andMopan 12 Except for Longgu and Kgalagadi-for which we only have comparabledata from single pairs of players-we are certainthat these are not observationsidiosyncraticto specific player-pairs.The languages listed as having functionalequivalences for this contrasthad this contrastsystematicallymade by all playerpairs of the game.
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(Mayan).This suggests thata typological cut can be made between Kilivila and Mopan on the one hand and the other languages on the other. In ?2.3 we briefly discuss the contrastbetween those languagesthat made the functional contrastin Table 4 and those that did not. We then examine in more detail the the functionally equivalent semantic factors that account for the differences WITHIN this contrast.13 used for expressing propositiontypes TYPES.Functional equivalents are used for distinguishing pictures 2.3. INFORMATION



2.3, 2.4, and 2.7 from pictures 2.5, 2.6, and 2.8 in many, but not all, languages in our sample. In particular,Mopan and Kilivila players do not make use of any propositions that distinguishes these specific subsets of photographsfrom one another.All of the players of the other languages do use such distinguishingpropositions.Since this provides an obvious disjunctionbetween Mopan and Kilivila, on the one hand, and the other languages in the sample, on the other, we can make a first typological division of our sample of languages here. and the We will follow Talmy (1978) in calling the object being located the FIGURE For distinguishingamong object with respectto which the figure is locatedthe GROUND. these photographs,Mopan and Kilivila players used no informationabout transverse relations other than that which was actually about features of the figure and ground (e.g. 'at the foot', 'at the side', 'at the edge'). While all of the other languages also used such strategies,they additionallyused strategiesthatrelied on informationbeyond features of the figure and ground (see Danziger 1997). For example, Mopan Maya speakersplaying the Men and Tree game describedthe photographsin such a way as to locate the tree with respect to some part of the man's body (his front, face, back, and so forth).'4 (2) Mopan: men-and-treegame 2. S. (age 19) directing her sister H. (age 17), 2.4 is described, as the first descriptionin the game; (2.6 was selected as the matchfor this description). Ka' a-kax-t-e' a nene' tz'ub' ada' ... CONJ2ACTOR-Seek-TR-SUBJ_3UNDERGOER ARTlittle child DX1 a ... t-u-pach top'-o ... a ke'en-0 ART at-3PossEssoR-back be_located-3UNDERGoERARTbush-ECHO ich rait ke'en-0 u-che'. in right beilocated-3uNDERGoER 3PossEssoR-stick 'You should find this little child . . . who .. . the bush is located at his back . . . His stick is in (his) right.' In 2, the use of pach 'back' clearly refers to a part of the ground object (the toy man's back) to which the figure (the tree) is related. The use of such body-part terms does not refer to regions associated with the speaker except perhaps incidentally when the speaker happens to also be the ground (see Danziger 1996b, 1997; Levinson 1996; see also Levinson & Brown 1994 for Tzeltal). This is true even where the body-part 13The examples in the table are not meantto be exhaustive.Yucatec, for example, also used left and right as well as compass directions in play. Pederson (1993) presents data from twelve pairs of Tamil-speaking playersof this game. Only fourTamil-speakingpairswere used for this specific analysis.The Kilivila players used no functionally equivalent propositionsfor this context and contrastset of photographs.However, in different contexts (see Senft 1994b), Kilivila speakers used translationequivalents of 'right' and 'left' as well as local landmarksto representrelations on the transverseaxis. 14See Danziger (1994, 1996a) for grammaticaldetails.
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terms appearto be translationequivalentsof English left and right. In photograph2.8 (see Fig. 3), the bush is to the toy man's right side and to the viewer's left side. Thus the final propositionin 3 must make referenceto the right side 'part'of the toy man and not to the player or speakersin the game: (3) Men-and-treegame 2. M. (age 28) directs her female neighbor and frequent companionA. (age 32). 2.8 is described,as thefirst descriptionin the game and is matchedwith 2.8 M: Naach-0 a top'. Tz'eek tzeel. Perebe_far-3uNDERGoERARTbush a_little side. But 'The bush is far away. A little to the side. But-' A (interrupts): Ich lef waj ich rait? In left INTERROG in right?



M (replies):



'To the left or to the right?' Ich rait ke'en-0



a



top'-o.



in right be_located-3uNDERGoERART bUSh-ECHO



'The bush is to the right.' This kind of usage, with translationequivalentsof 'right' and 'left' referringexclusively to the parts of the toy man in the photographs,will make certain distinctions among the photographsin the men-and-treeset, but not others. This usage will distinguish for example, 2.7 ('tree at man's left') from 2.8 ('tree at man's right'). But it will not readily distinguish 2.3 from 2.5 ('tree at man's chest'). In fact, none of the three Mopandirectorswho played the men-and-treegame made any linguistic distinctionbetween 2.3 and 2.5 of the set. Nor was any such distinction requestedby their Mopan matcherpartnersin the ensuing conversation.Example4 is the full descriptionof 2.5 offered by one Mopan director(both 2.5 and 2.3 remained on the matcher'stable, and 2.3 was selected as a match). a nene' tz'ub' (4) Ka' a-ka'-kax-t-e' CONJ2ACTOR-again-seek-TR-SuBJ_3uNDERGoER ART little child a ... t-u-ta'an ke'en-0 top'-o. ART at-3possESSoR-chest be_located-3uNDERGoERbush-EcHo 'You should find the little child again who ... has the bush at his chest.'



It is not surprisingunder these circumstancesthat photographs2.3 and 2.5 were often crossmatched by Mopan players. Indeed, all three player pairs made this crossmatch.(No other crossmatcheswere made by more than a single pair of Mopan players.) Under experimentalconditions, and with largernumbersof Mopan speakers, the tendency to treat two-dimensionalimages which are left-right reflections of one another as similar to one another has been fully reproduced(Danziger 1997, Danziger & Pederson 1998, see also Levinson & Brown 1994, Verhaeghe & Kolinsky 1991). Cases like Mopan and Kilivila, in which speakers consistently do not make the contrast between 2.3, 2.4, 2.7 (functionally equivalent to man 'left', tree 'right') and 2.5, 2.6, 2.8 (man 'right', tree 'left') are the minority in our sample. In most



of our language data-sets, we find propositionsmaking the distinctionbetween these two subsets of photographs. Still, even functionally equivalent propositions that make this particularcontrastbetween photographsshow great differences in informational or semantic content across the languages. In Tamil, for instance, speakers
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may say of photographs2.5, 2.6, and 2.8 either that the tree 'is on the left side' or that the tree 'is on the north side' (when the players are facing east). But these two expressions are not informationallyequivalent-even if they may be functionally equivalent in a given context. They rely on different shared knowledge and require different calculations. Without access to the circumstancesof the utterance,to know that 'the tree is on the left side' does not tell us whether the tree is on the 'north', 'south', 'east', or 'west' side. Thus, though extensionally identical, they are intensionally distinct (as per the traditionalFregean distinction between reference and sense). In order to translate from an information system in which a lexeme glossed as 'left' is embedded to one in which lexemes glossed as 'north', 'south', and so on are embedded,we need access to differentinformationfrom that which was encoded in the original utterance. The system of using (speaker's) left and right requires knowledge of the speaker's own internalleft/right division and the projectionsfrom this. The system of cardinal directions requires knowledge of the position of the figure and groundin the largerworld and is indifferentto the speaker.(See Levinson 1996 for a discussion of the different logical propertiesof these systems.) Different pairs of speakers were tested facing different cardinal directions and any use of the cardinalterms shifted accordingly (i.e., while the man might be standing to the east in 2.7 for one pair of players, he would be standing to the north for another pair in a different orientation). English speakers have the potential to produce utteranceslike 'the bee is sitting on your north shoulder' (intended with reference to cardinal-pointnorth), though members of English-speakingcommunities would not typically use such a formulation. They would prefer to say something like 'the bee is on your left shoulder'. Indeed, if an English-speakerwere to use the formulationwith the cardinal point, it is unlikely that the interlocutorwould be able to rapidly and efficiently decode it. Speakers of Australianlanguages like Warlpiriand Arrernte(Arandic), however, have the completely opposite coding bias, and would use a cardinal-pointterm, not body-based 'left' and 'right' in such a context. Importantly,the lexicons of some languages (e.g. Arrernte,Guugu Yimithirr,Tzeltal) simply do not have spatial terms for left and right that generalize beyond a limited set of body parts (see also Levinson & Brown 1994, Danziger 1996b, 1998). That is, terms for 'left hand' and 'right hand' are strictly body part terms like 'nose' and 'mouth'. This means that it is impossible for an Arremte speaker to formulate anything intensionally similar to 'The man is to the left of the tree'.15 The concept FRAME OF REFERENCE (developed in Gestalt psychology, see Asch & Witkin 1948, also Rock 1990, 1992) helps us to drawout a typology to characterizethe linguistic preferencesof speakersin differentcommunities,as they differentlyconvey particulartypes of spatial informationin what is neverthelessa similar context. Here, the frameof referenceis the internallyconsistent system of projectingregions of space onto a figure-groundrelationshipin orderto enable specification of location. i5Languagecontactwith English may be makingsome inroadsinto Arandic.Still, Wilkins never recorded speakersusing the termsakwe-arraty 'rightarm/hand'or akwangenye'left arm/hand'for anythingbut bodypartreference,thoughHendersonand Dobson (1994:75) note that 'in directions,compasspoints or directions relative to some point are usually used ratherthan terms like 'left' and 'right', but use of these [i.e. the Arandic terms for left arm and right arm] have been adoptedfrom English to some extent'.
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INFORMATIONTYPE (FRAME OF REFERENCE)



LANGUAGE



Intrinsicalone



Kilivila (Austronesian) Mopan (Mayan)



Relative Participantderived (and intrinsic)information



Japanese(Uncertain) Dutch (Indo-European)



Absolute Geo-cardinalderived (and intrinsic)information



Arandic(Pama-Nyungan) Tzeltal (Mayan) Longgu (Austronesian)



Mixed cases (relative plus absolute) Participantand geo-cardinal(and intrinsic) information



Belhare (Tibeto-Burman) Hai||om (Khoisan) Kgalagadi(Bantu) Tamil (Dravidian) Totonac (Totonacan) Yucatec (Mayan) TABLE5. Groupingof languages by informationtype (transverseaxis, men-and-treeset 2).



We find threedistincttypes of frameof referencein our languagedata:(1) cases like frame of reference (see, e.g. Levelt 1984, Mopan and Kilivila in which an INTRINSIC frameof reference,which Danziger 1997, 1998) is exclusively used;16(2) the RELATIVE uses informationaboutthe bodily arrangementof a speech participant;and (3) the ABSOLUTEframeof reference,which uses informationexternalto both the speech participants and to the figure-groundscene (whetherthis is from abstractfixed bearingslike 'north' or from concrete featuresof the larger surroundinglandscapesuch as 'inland side'). In short, language communitiesmay have functionallyequivalentstrategiesfor describingcertaincontrasts,but we cannotpresumea semanticuniformityacrosslanguage usage. Indeed,the underlyingsystemsmay be quitedifferent.A summaryof the typological groupings of the languages in our sample for which we have adequate data is presentedin Table 5.'7 Roughly half of the languages in our sample use both the relative and the absolute frames of reference in the men-and-treegame context-either the same speakersuse both systems, or speakersvary within the languagecommunity.We find, however, that in some languagesin our sample either all the speakersuse the relative frame of reference or all the speakersuse the absoluteframe of reference.That is, in some language communities,speakersplaying the men-and-treegame regularlyprovideexternalinformation that is always about a speech PARTICIPANT and never about the geographysurroundingthe players or about fixed bearings (GEO-CARDINAL); see examples for Dutch (5) andJapanese(6) below. In othercommunities,speakersprovideexternalinformation which is always geo-cardinaland never about a speech participant;see examples for Tzeltal (7) and Longgu (8) below as well as for Arandic(1) above. Photograph2.8 is describedin each example for comparison. 16We use INTRINSIC in the sense of Levinson 1996. This frame of referenceincludes cases in which the speakeris actually also the groundof the spatial relationshipdescribed(see Danziger 1997). Note that the photographstimuli themselves ensure that our discussion is restrictedto encodings of locations of objects situatedACROSS the viewer's line of vision only. The encodingof locationsof objectson otheraxes (especially the vertical) can be expected to yield differenttypological patternsacross the languages of our sample. 17Thanksto BalthasarBickel, Penelope Brown, Eve Danziger, DeborahHill, Kyoko Inoue, Sotaro Kita, Stephen Levinson, Paulette Levy, Sabine Neumann, Eric Pederson, Gunter Senft, Christel Stolz, Thomas Widlok, and David Wilkins for these data. The typing in Table 5 is not intended as exhaustive. These all involve projections of coordinate systems. Use of demonstrativemarking,for example, does not involve projectionand it is not clear how demonstrativeswould fit into this scheme.
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(5) Dutch (use of relative frame of reference) Men-and-treegame 2. B. (age 22, female, college) directs J. (age 21, female, college) 2.8 being described as the 7th description (2:2-1-9-10-3-5-8-6-7-4-12-11) and is correctly matched. even kijk-en, dan het mann-etjeook rechts van het boom-pje DISC see-INF, then ARTman-DIM also right of



ARTtree-DIM



en even kijk-en, kijk-t naarjou toe and DISC see-INF, see-3s to



2SOBJPTC



'Let's see, then the man also to the rightof the tree andlet's see, is looking at you.' (6) Japanese(use of relative frame of reference) Men-and-treegame 2. MF (age 25, female, graduatestudent)directsMM(age 25, female, graduate student) 2.8 described as IOth description (2:10-1-9-6-4-3-5-11-2-8-12-7) and is correctly matched. kocchi o MF: de ki no migi-gawa ni hito ga i-te then tree GENright-side at man NOMeXist-CoNN this.way ACC i-ru shashin mi-te look-CONN PROG-PRESphoto



'Then the photo where the man is at the right side of the tree and looking this way.' MM: migi-gawa ni right-side at 'at the right side' MF: hai yes 'yes' (7) Tzeltal (use of absolute frame of reference) Men-and-treegame 2. Petul (boy, age 15) and Marta (girl, age 12). 2.8 described as the 8th description (2:1-2-3-4-5-6-7-8-9-10-11-12); correctly matched 'Uphill' (roughly equivalent to south) correspondsto viewer's left, 'Downhill' (roughly equivalentto north) correspondsto viewer's right. sok xan tekel te'. with again standing(of.trees)tree ta ajk'ol te te'-e, jich ay thus there.is AT uphill ARTtree-PHRASE, te winik-e ta alan jich tek'el ine. ARTman-PHRASEthus standing(of.humans) AT downhill there jich ya x-k'aboj bel ta be ine. thus INCPLASP-look going AT path there 'Again there's a tree standingthere. Thus the tree is at the uphill side. The man is thus standingdownhill there. Thus he's looking towardsthe trail there.'
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(8) Longgu (use of absolute frame of reference) Men-and-tree game 2. H (adult man) directs MZ (adult woman). 2.8 described as the 9th description (2:12-7-11-1-9-3-2-6-8-5-10-4); correctly matched Players facing TOLI (roughly equivalent to west)



'inoni e na'o mai, m-e zuala person 3sG face hither,CON-3sGstand e to'i iva vavo-na vau-i on-3sG stone-SG3sG hold walking.stick e na'o mai vu ala'a 3SGface hither to east 'ai oro vu asi, 'ai e zuala ava vu longa tree bend to sea, tree 3sG stand side to inland 'The man is facing me, and he's standing on the stone, he's holding a walking stick he's facing me towardthe east the tree bends towardthe sea, the tree stands on the inland side.' The idea that there are three frames of referencein spatial cognition has circulated in the psychological literaturesince the time of the Gestalt theorists. In practice the majorityof this work is concernedwith the vertical dimension (e.g. Carlson-Radvansky & Irwin 1993). The idea that one might, for the purposesof everydaycommunication, use each of these three frames of reference to specify fixed bearings on the horizontal has not been extensively explored (recall the discussion in ?1). Here we have empiricallydemonstratedthatthe choice of linguisticframeof referencefor projection of coordinates in tabletop space is quite differently distributedacross languages-even in a standardizedreferentialand interactivecontext. We now take up the question of whetherthe interestof our COGNITION. 3. SPATIAL findings goes beyond a purely linguistic analysis: in particular,do the differences in crosslinguisticusage co-vary with differencesin nonlinguisticspatialconceptualization and problem solving? We take as a generalpremise that a varietyof cognitive strategiesexists for solving many problems.We also assume (uncontroversially,we believe) that the spontaneous availabilityof differentstrategiesto individualsis sensitive to facts of theirexperience. We propose that using a language is one kind of experience that could make certain cognitive strategies(i.e. those parallelto the semanticsystems used in a language)seem naturalto individuals.Cognitive strategiesmight differ in theirspontaneousavailability to speakersof languagesthatdiffersignificantlyfromone anotherin the relevantdomain. This leads us to a clear hypothesis for testing: users of different language systems (in a given context) should correspondingly vary in their choice of nonlinguistic spatial problem-solving strategies (in analogous contexts).



To test this hypothesis, we examine speakersof the typologically maximally contrastive languages:those populationswhere the relative frame of reference is used to the exclusion of the absolute frame of reference in tabletop space and vice versa. We exclude the purely intrinsic languages (Mopan, Kilivila),'8 and the mixed case lan18 See Danziger (1998) for a discussion of Mopan reactionsto problem-solvingtasks like those described below.
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guages from currentconsideration-although we shall examine one mixed case language in ?3.4 (also see Neumann& Widlok 1996 for an accountof mixed case language use). We use a nonlinguisticproblem-solvingtask for which two differentbut equally correct solutions are possible. The first solution is based on informationderived from the subject (isomorphic to linguistically relative). The second solution is based on informationderived from geo-cardinalinformation(isomorphicto linguistically absolute). The responses must demonstratewhich informationwas selected for the solution independentlyof any linguistic formulationor protocol. The immediate problem is that OFREFERENCE. OFFRAMES PROPERTIES 3.1. LOGICAL



both relative and absolute frames of referenceare functionalequivalentsin many contexts-as for example demonstratedin the men-and-treegame. How then do we distinguish between behaviorstructuredby referenceto an absoluteframe of referencefrom behavior structuredby referenceto a relative frame of reference? When the relationbetween a figure and groundis encoded (linguistically or otherwise) using an absolute frame of reference, the figure and ground retain the same encoding even when the speakersor viewers change their viewpoint on the scene. That of which is, a cup to the northof a saucerremainsto the northof a saucerINDEPENDENT side it is viewed from. Conversely,when the relationbetween a figureandgroundis encodedusing a relative frameof reference,the figure andgroundhave differentencodingwheneverthe speakers or viewers move themselves aroundthe array.That is, a cup to the speaker's left of the saucer from one perspectivemay be to the right of a saucer when the speakerhas moved to view the display from the other side (without any movement or rotationof the figure or ground).The encoding of the arrangementis viewpoint DEPENDENT.19 This differencebetween the logical propertiesof these two framesof referenceallows us to create a context in which the different logical propertiesbecome apparent.An arrayis memorizedor mentally encoded at one location from one perspectiveand then the subject is rotated 180 degrees to anotherlocation. An arrayreconstructedusing relativeencoding shouldresemblea 180-degreerotationof an arrayreconstructedusing absolute encoding and vice versa (see Fig. 4). A batteryof experimentaltaskswas devised thatexploitedthe propertyof viewpointindependence(associatedwith absolutesystems) vs. viewpoint-dependence(associated with relative systems). In ?3.2, we discuss the rotation experiment, which has been conducted on the largest collection of populations;in ?3.3, we briefly discuss four similar experiments. 3.2. EXPERIMENTAL This experimentinvolves memorizTASK:ANIMALS-IN-A-ROW.



ing a transversesequence of three differenttoy animals all right-left symmetricaland all facing the same direction.20The subject is then turned around 180 degrees and reconstructsthe memorized array.Our interest is the direction the three animals are facing in the reconstructedarray (see Fig. 5). The two distinct types of conceptual coding demonstratedby the directionalplacement are isomorphicto the absolute and relative linguistic frames of reference. 19



When an array is encoded using only an intrinsic frame of reference, then the relations are constant of moving the viewer (as in the experimentto be discussed) or even of rotatingthe entire array as a unit. 20 Criticalassistancewith design andanalysisof the experimentaltaskspresentedin this paperwas provided by Suzanne Gaskins, John Lucy, Laszlo Nagy, and BernadetteSchmitt. INDEPENDENT
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RecallTable Stimulus Table



Recall Table



FIGURE4. Schema of absolute vs. relative encoding under 180?rotation.



The task of placing the animalsfacing in a specific directionis essentially embedded in the primarytask of placing the animals down in the memorizedorder.In one type of conceptualcoding, the directionof animals is encoded with respect to the subject's body andhis/her orientation.Thus, if body orientationis changedbetween stimulusand recall, what is retrievedfrommemoryis constantto the body-frame,andno allowanceis made for the change in fixed bearings with respect to the larger external world. We call this type of encoding RELATIVECONCEPTUALCODING.In the other type of conceptual



coding, the directionis encoded with respect to anchoringpoints that lie outside of the memorizedarrayitself and also outside of the subject'sbody. Possible anchoringpoints



Rel



Abs



p



Stmuu Table:i.::



Recall Table FIGURE5. Animals-in-a-rowexperiment.
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include cardinalpoints and landmarks.Unlike the relative conceptualcoding, this type of coding is not sensitive to the body orientationat retrieval.We call this ABSOLUTE CONCEPTUALCODING.



Spatialcontext in this recall task was the tabletoprepresentationof toy objects separated by a small distance from each other. This gave a highly similar context to the men-and-treelinguistic task presentedin ?2.1 as well as to other linguistic tasks (not describedhere) involving toys and figures presentedin tabletopor manipulablespace. STIMULI. The stimuli were four plastic toy animals (pig, horse, cow, and sheep) series for infants. Their shapes are symmetricalalong their head-tofrom the Duplo?TM tail (sagittal) axis. The four animals have distinct colors and shapes. The sizes range from five to seven centimetersfrom the head to the tail, and they are all 2.5 cm wide and 3-4 cm tall. LAYOUT.TWOparalleltables or mats were placed about4-6 meters apartsuch that the subject stood between the two tables and rotated 180 degrees in walking from the one to the other.21The subjectstartedat the stimuluspresentationtable and then turned and walked to the recall table. SUBJECTS.In the interestof maintaininga clearpredictionfromthe linguistictype, we



focus on the responsesof subjectswho were eitherlinguisticallyrelativeor linguistically absolute in this context. Forty Dutch, 16 Japanese, 27 Tzeltal, 16 Arrernte,and 16 Longgu adult native speakers(mixed male and female) were recruitedin their native speech communities(see Table 1 for the researchersresponsiblefor the datacollection; the Japaneseexperimentaldata was collected by K. Inoue). PROCEDURE. Each subject was tested individually. A session consisted of several trainingand practicetrials followed by five recordedtrials, as describedbelow.22The animals were identified with the appropriatelinguistic forms. For all trials, the experimenterset up a row of three animalsfrom the four availableon the presentationtable. Animals were separatedfrom each other by roughly six centimeters. Throughoutthe experiment,all instructionswere given in the subjects' native language. Instructionsdid not contain any words denoting spatial directionsor locations. If a reference to a location or direction became necessary duringthe training,deictic terms ('here') and pointing gestures were used. A line of three animals facing to either the subject's left or right was assembled. The subjects were told to remember the animals 'just as they are'. The subjects were allowed to look at the stimulus arrayas long as they liked. The subjects were asked whether they were ready, and if they were, the array was removed. For the initial practice trial(s), the subject immediately replaced the animals on the stimulus 21 A variantof this design would be to have the tables set up such that the subject rotated90 degrees in walking from one to the other. Such a design would provide a more visually striking difference between absolute and relative rebuildingstrategies,that is, the two rebuilds would be perpendicularto one another. We elected not to run this design in the comparativestudy because it is not clear in such a design that the subject following each strategywould have comparabletasks: an absolute strategistwould be rebuildingan array which would be on a saliently different visual axis from the originally viewed array. The relative strategistwould be rebuildingon the same visual axis. This was considereda potentiallyunbalanceddesign. 22 A small numberof trials was administeredfor each subjectbecause keeping a subjectin a novel testing situation for an extended period of time was not socially appropriatein some field sites. Nonetheless the results do demonstratea general differencebetween two groupsof individuals(speakersof linguistic groups using either an absolute or a relative frame of reference in the context examined).
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presentationtable without any subject body-rotation.The direction and the order of animals were correctedif necessary. This procedurewas repeateduntil the subject's performancebecame consistent.Note thatas long as the subjectremainsat the stimulus presentationtable, any rebuildingaccordingto either relative or absolute information will be identical, so neither encoding is cued. In the recordedtrials, the rebuildingwas performedafterthirtyseconds delay at the recall table.23Subjects were told that they would do the same thing, but that this time they shouldreconstructthe sequenceof animalson the othertable. Again, threeanimals were placed on the presentationtable. After the subjectindicatedreadiness,the animals were removed. The subject was requestedto wait for thirty seconds, and then walk to the recall table. Here, the experimenteroffered the animals to the subject, and said 'Make it again,just the same'. No correctionwas made to the subject's response. All presentationswere on the transverseaxis. The orderand directionof the stimulusarray were changed for each trial, according to counterbalancedsequences repeatedacross sets of eight subjects. CODING. Responses were coded for either absolute or relative DIRECTIONin which



the animals were facing when rebuilt. Occasionally a subject rebuilt the animals in a line that was off the transverseaxis; these responses were recordedas neitherabsolute nor relative. The SEQUENCE (e.g. cow right/east-sheep middle-horse left/west) in which the animals were rebuilt was also recordedas either absolute, relative, or differentfrom the original sequence. This sequence informationprimarilyindicateshow well the subject rememberedthe original array.For example, if the display cow-sheep-horseis rebuilt as sheep-cow-horse,this is a poorly rememberedtrial and not considered in terms of absolute/relativeresponse. (The task of directionalplacementis embeddedwithin the 'more difficult' task of rememberingthe sequence of the animals.) When the rebuilt sequence is identical to that of the original array,it can be coded as relative (e.g., cow right/west, sheep middle, horse left/east) or absolute (horse right/west, sheep middle, cow left/east). RESULTS. The instructionsshould have given the subjects a primaryunderstanding of the task as rebuildingthe line of animalsin the same sequence as on the presentation table. Attention to the direction the animals were facing was less consciously focal. Evidence that directionwas less consciously attendedto comes from debriefinginterviews with the Arandic subjects:fourteen of sixteen subjects reportedhaving used a mnemonic for rememberingthe order of the animals. Eight subjects reportedusing only visual imagery,fourreportedwordor letterrepetitionof animallabels, two reported both, and two were unable to say. In contrastto consciously rememberingorder,only seven of the 16 subjects reportedhaving a mnemonic for rememberingthe direction of the animals (and many who could not reporta strategywere surprisedto hear that the animals had been put down in different directionson the stimulus table over the different trials). Five subjects reportedusing visual imagery, and two reporteda mix of imagery and labeling for landmarkand cardinaldirection.That only two out of 16 subjectsreporteda conscious linguistic mnemonicfor directionalinformationsuggests 23 This delay reduces the chance of simple recall from short-termmemory.Subjects were allowed to look at whateverthey wanted (typically at the clock indicatingelapsing seconds). The subject and experimenter did not converse during this period. There was additional delay and visual input resulting from walking between the tables.
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thatthis measurementis largely of nonlinguisticbehavior.Accordingly,we will discuss the results from the directional coding as the more likely indicator of nonlinguistic cognitive encoding. Nonetheless, there was a very high correlation(Spearmancorrelation coefficient = 0.938, p < 0.005) between the sequenceand the directionresponses. Implementationof this task yielded one rebuildingstrategythat we had not anticipated: five Arrernte,three Longgu, and two Dutch speakers were excluded from the final analysis because they showed a recall patternwith invariantorientationon every trial (for example, always facing the animals toward the window)-regardless of the original facing-directionon the presentationtable. This patternof response reveals no choice between relative or absolute conceptual coding, but rather a MONODIRECTIONAL



strategy,which falls outside of the hypothesis to be tested (see Danziger 1998). After excluding these monodirectionalsubjects, all the responses from the five groups of subjects can be classified as either an absolute directionalresponse or a relative directional response;that is, whetherthe display is rebuilt accordingto absolute or relative spatial recall. We graphthe linguistic absolute samples (Tzeltal, Longgu, and Arandic)in Figure 6 and graphthe linguistically relative samples (Dutch and Japanese)in Figure 7. The subjects (excluding those with monodirectionalresponses) are plotted accordingto the individual's number of absolute responses over five trials. Note that fewer absolute responses is the logical equivalent to more relative responses since the number of absolute responses and relative responses always adds up to five (no responses were placed off the transverseaxis). For example, 16 of 27 Tzeltal subjectsgave 5 absolute and 0 relative responses; 4 of these 27 gave 4 absolute and 1 relative responses, and so on. 16i,
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The subjects from both of the populations using a relative frame of reference to describethe transverseaxis of the men-and-treelanguagegame were clearlymorelikely to give conceptually relative responses. Subjects from each of the populationsusing an absoluteframeof referencewere morelikely to give conceptuallyabsoluteresponses. When the linguistically absolute populations (N = 51) and the linguistically relative populations (N = 54) are compared with respect to the ratio of absolute responses over all trials,the differencebetween the two groupsis statisticallyvery highly reliable (Mann-WhitneyU test, U = 241.5, p < 0.001). (The average number of absolute
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responses (out of 5 trials) was 0.50 for the linguisticallyrelative groups combinedand 4.02 for the linguistically absolute groups combined.) The results indicate that the frame of referenceidentifiedin the linguistic elicitation task correlates well with the conceptual frame of reference used in this recall task. Other within-populationvariables which were coded, such as literacy, gender, age, and degree of schooling do not reliably correlate with cognitive performancein this experiment.24



This work constitutes one of the few attemptsto investigate the 3.3. DISCUSSION. relation of language to conceptual representation-independently measured-over a sample of cultures, exploiting the contrastivepropertiesof various languages in one domain. The results indicatethat there is indeed a general correlationbetween the way language use preferentiallyencodes a spatial array,and the way that speakersof that language will tend to code it for solving certainnonlinguistictasks. While the directionof causationhas not been demonstrated,these results are consistent with the hypothesis that the language one speaks-perhaps together with other culturalfacts-influences the types of conceptualparametersone will use to solve a nonverbalproblem.Since languageuse is a reflectionof social behavior(the men-andtree dataderive from social communication),the patternsof languageuse areassociated with linguistic communities. Our results indicate that individuals cognize in the same way within communities, but not necessarily across communities. How could this be so, if not ultimately the result of a communicatedmodel? The linguistic system of encoding a spatialframe of reference provides just such a model. Other semiotic and cultural systems may well enter into the equation,but this linguistic representationis highly prominent.In order for a speakerto use a frameof referencelinguistically,there simply must be an internal representationfully consistent and translatablewith that frame of reference. We still need to determineto what extent the results from these specific contexts can be generalizedacrossotheraspectsof spatiallanguageandcognition.As mentioned 24 However overall, the linguistically relative communitiesare more formally educatedthan the linguistically absolute communities.
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in ?2.1, the men-and-treedata are generally in alignmentwith language data derived from othermethodsandcontexts(fromdifferentlanguagegames to naturalisticobservation). Table 6 lists a numberof othercognitive experimentsthatfurthertestedthe extent to which an absolutevs. relativelinguistic system is reflectedin memoryand reasoning within the context of tabletopor manipulablespace. Detailed resultsare not given here, but the experimentsare summarizedbelow. All of these nonlinguistictasks sharedthe fundamentaldesign of the animals-in-arow experiment.That is, the subjectis shown stimuli on one table. He or she is rotated 180 degrees and led across to an opposite table. The subjectthen reconstructs,selects, or makes an inference on the basis of the stimuli earlierpresented. Because of differing field conditions, not all language communitiestested with the animals-in-a-rowmemory experimentwere tested with each of the other experiments. Overall,the results of each of these experimentssupportour basic hypothesis:subjects speakinglanguagestyped as eitherrelativeor absolutefor transverserelationsmentally encoded and reasoned in ways homologous to the linguistic encoding. From this, we feel confident that the phenomenon we are describing extends across multiple tasks and contexts. Conductingsets of these experimentsalso allows for a more in-depth examination of the specifics of individual language communities. Some such studies have been reportedfor Kilivila (Senft 1994a), Mopan (Danziger 1998), Tamil (Pederson 1995), Tzeltal (Brown & Levinson 1993a, Levinson & Brown 1994), plus a pair-wisecomparison of Kalagadiand Hai||om(Neumann& Widlok 1996). These provide a complement to the broadercrosslinguisticapproachdiscussed so far. EXPERIMENT



COGNITIONTESTED



Animals-in-a-row Visual recall memory of objects Red and blue chips Visual recognition memory of 2-D shapes Completedpath task Recognition memory, inference Motion maze task Recognition memory, cross-modalinterpretation Transitiveinference Memory, inference TABLE6. Experimentsthat contrastabsolute vs. relative encoding.



In experiment2 (red and blue chips) the subjectsees a card in a specific orientation with two simple geometric figures printed on it.25After rotation,the subject selects from an arrayof four identicallyimprintedcards,each varyingonly in orientation,and not representationalof real world objects. Like the animals-in-a-rowexperiment,this task tests recognitionmemoryencodingunderrotation.In this experiment,however,the cardsareall identicalexcept for theirspatialorientation.Thereis also the presentationof stimuli at 90-degree rotationsas well as 180-degree rotations. In experiment3 (completed path task) the subject is shown a printedpath to some point with a final missing section.26After the intervaland rotation,the subject selects one of three printedplastic cards as the one which shows the path section that would complete the original path. Like experiment 2, this tests recognition memory under rotation. Unlike experiment 4, the stimuli are entirely static, but there are multiple 25More complete descriptionsof this experimentcan be found in Brown & Levinson 1993b and Pederson 1995. 26More complete descriptionsof this experimentcan be found in Brown & Levinson 1993b and Pederson 1995 as well as in Levinson 1998 and Danziger 1998.
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routes (bothrelativeand absolute)which could complete the pathandthe subjectselects one of these at table two. In experiment4 (motionmaze task)the experimentermoves a toy man on the presentation table to form a path having one or two 90-degree turns.27After an interval,the subject is rotatedand presentedwith a printedmaze/map with a complex networkof intersectingpaths. The subjectindicateswhere the toy man would arrivefollowing the original path from the center of the maze. This tests inference of location following a motion event with rotationof the subject.The subjectsees a motion event and anchors that in a static path, preservingrelative or absolute encoding in the process. Experiment5 (transitiveinference)tested transitiveinferencein spatialrelations(see n. 25). The subjectsare shown geometricobjects A and B side by side on the presentation table. On the second table, they see objects B and C also side by side. Returning to first table (now completing 360 degrees rotation),the subject infers the natureof the spatialrelationshipbetween A and C. This tests both recall memory and the logical elements used during a challenging spatial reasoning task. The results of experiment 5 for two (sub-)populationsare discussed in ?3.4. In addition to gathering results from other experiments, 3.4. THEMIXEDLANGUAGES.



we also gatheredresults for many other languagesthanthose reportedfor the animalsin-a-row experiment.Recall that roughly half of the languagesincludedin Table 5 are coded as 'mixed'. This categorydoes not mean the same thing for each language.Each of these languages presents a unique and complex situation. As one example, Pederson (1993) presents a case study of one so-called mixed population.The Tamil language (South Dravidian)has a full set of cardinaldirection termsas well as termsused for the regions projectedfrom speaker'sleft andright sides. These appearto be (at least passively) partof the complete lexicon of all adultspeakers, but familiaritywith the linguistic use of these terms varies widely depending on the exact subcommunityto which the speakersbelong. Most speakers(at least in the Maduraidistrictof South India where these studies were conducted)use only the relative and intrinsicframes of referenceor use only the absoluteand intrinsicframesof reference in the men-and-treegame discussed above. Pederson collected examples (9 and 10 here) from two different pairs of speakers describing and successfully matching photograph2.8. (9) Tamil: men-and-treegame 2 (relativeframe of reference) V. (male, c. 25) directing K. (male, c. 32). 2.8 is described and correctly matched.(2.7,6,1,10,4,8,2,12,9,5,3,11) uij-ka4 valatu-kkaipakkatt-ileoru paiyan iru-kkir-aan 2.0BL-RESPright-hand side-Loc INDEFboy coP-PR-3sM a-nta . . . valatu-kkai-le oru kampu iru-kki-tu DIST-DEM right-hand-LOCINDEFstick CoP-PR-3SN a-nta paiyan un-ka[-aip paar-ttiru-pp-aan . . . DIST-DEMboy



2-RESP-ACC See-PERF-FU-3SM



'There's a boy on your right hand side. That . . . There's a stick in his right hand.



The boy is looking at you.'



27 This experiment was designed by Pederson.
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(10) Tamil: men-and-treegame 2 (absoluteframe of reference) M (male, age 23) directing S (female, age 55). Playersfacing north. 2.8 is described and correctly matched. (2.1,2,3,4,5,6,7,8,9,10,11,12) oru ceti meer-ku pakkamiru-kk-u INDEF plant west-DAT side



COP-PR-3SN ki{a-kku pakkam oru paiyan ni-kkir-aan INDEFboy east-DAT side stand-PR-3sM



a-van



vantu ter-ku



mukamtirump-i ni-kkir-aan



DIST-3SMTOPIC south-DATface



turn-ADv stand-pR-3sM



'There's a plant on the west side. On the east side a boy is standing. He is standingwith his face turnedto the south.' Essentially,while Tamil may be listed as showing mixed relative and absoluteusage in Table 5, individualspeakerslargely areeitherrelativespeaking,or absolutespeaking, but not both. We can clarify our linguistic typing of Tamil into two distinct subpopulations: absolute speakingand relative speaking (in the contexts representedby the menand-treedescriptiontask). The animals-in-a-rowexperimentwas conductedwith Tamil subjects.There was a clear difference between the relative and absolute speaking subsamples:45% (14 of 31) of the linguistically absolute Tamils gave monodirectionalresponses. Only 12% (2 of 17) of the linguistically relative Tamils gave monodirectionalresponses.Further studyis neededto understandwhy so manyin the absolutespeakingsubsample,but few in the relative speakingsubsample,show a preferencefor monodirectionalresponsesin the animals-in-a-rowtask. The remainingsubjects in both subpopulations(those who did not give monodirectional responses) were often typable as consistently giving either absolute or relative response types. However, many subjectswould alternateresponse types and there was no clear preference in either group for either conceptual frame of reference in this experiment.28 The animals-in-a-row task thus does not provide clear data for the complex Tamil



situation,but the experimentsmentioned in the previous section all provided clearer Tamil results. In the transitive inference experiment,for example, there is a highly reliable contrastbetween relative and absolutespeakingTamil subjectsin their choice of a solution to the nonlinguistictask (p < 0.001 for comparisonbetween samples;p < 0.01 for linguistically relative vs. chance; p < 0.05 for linguistically absolute vs. chance). See Figure 8.29 Fromthis, we can see thateven within a single language,the use of a single linguistic frame of reference by a particularspeaker can correlatewith that person's choice of nonlinguisticproblem-solvingstrategy.We should not, therefore,conclude that differences across populationsrest only on the grammaticalor lexical resources which are availablein the languagesas a whole-that is, the full repositoryof possibilities across speakers and dialects (cf. Hymes 1966 and Lucy 1996:52-55). We must look at the 28 In contrast,while 5 of 16 Arandic subjects also gave monodirectionalresponses to the animals-in-arow experiment,the remainingsubjects showed a clear preferencefor absolute responses. 29 The results for this task reportedin Pederson 1995 do not reflect all of the subjects reportedon here. Further,thatpapercollapsed resultsfrom two slightly differentversions of the experiment.All of the subjects reportedon here performedthe same version of the experimentand should be strictly comparablewith one another.
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habituallanguage usage of individual speakersin specific contexts. This use can crucially depend on the social environment.Most relative speakersof the Maduraidistrict live in the city of Maduraiitself. Most absolute speakers of the same district live in rural areas. However, the correlationsare only approximateand the exact nature of speech communitiesis being investigated.30 4. CONCLUSIONS LINGUISTICFINDINGS. Communities differ in dramatic ways with respect to spatial



reference in language. Importantly,we find that the human body is by no means a universal template for creating projective coordinatesystems for spatial reference in tabletop space. A major crosslinguistic variation in spatial description is the FRAMEOF REFERENCE



employedto describedifferentspatialarrays.In our sample,we find threemajorlinguistic coordinatesystems relevantto figure/groundlocations on the transverseaxis. These we have called ABSOLUTE (basedon fixed bearingsor othergeo-cardinalnotions), RELATIVE(based on perspectivalconcepts such as 'in front (of me)', 'to the left') and INTRINSIC(based on object coordinatessuch as 'behind (the house)', 'at the tip of the post'). Many language communities use a variety of absolute or geo-cardinal systems in precisely the same contexts in which other language communitiesuse relative projections of the speaker'sleft, right,front,andbackbody parts.Otherlanguagecommunities use neithersystem in this context, relying solely on featuresintrinsicto the referential objects themselves. These differencesbetweenlanguagecommunitiesarequitesystematic:(i) the available numberof general spatial systems which are found can be sorted into a limited set of categories;(ii) given a constantcontext, speakerswithin certaincommunitiesare generally consistent in their choice of spatial systems-demonstrating a general patternfor that community;and (iii) even when the semantics of one system differs dramatically fromthe semanticsof anothersystem(as in the case of relativevs. absolutelanguageuse), we find thatdifferentsystems may be used to make functionallyequivalentcontrasts. 30 In this connection,note thatthe characterization of Mopanspatiallanguagegiven hereis most appropriate to female speakers(see Danziger 1997). The reportsfor the other languages in the linguistic data collection do not indicate any gender differences in this domain of spatial language.These characterizationsof Tamil language use clearly apply to both the men and women within each linguistic subcommunity.
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INNOVATIONS.The most general lesson from these findings is that METHODOLOGICAL



we must look carefullyat broadsamplesof languagesand languagecommunitiesbefore assuming (or positing) linguistic universals-no matterhow intuitively obvious these universals might seem. Further,it is not enough to rely on conventional grammatical descriptions of languages. The grammaticalstructureof a language is certainly an importantdeterminantof the structuresof contextualizedlanguageuse. As such, general grammaticaldescriptions of a language can be used to formulate hypotheses about linguisticrelativitybut such grammaticaldescriptionsmustbe carefullychecked against the precise communicativestrategiesrecurrentlyused in the relevant contexts. To do this, we have used director/matcherlanguage games, which facilitate interactivediscourse between native speakerson precisely our topics of interest.The linguistic data from these sessions are both reliable and efficiently collected. These approachesbased in actual linguistic usage offer a considerablerefinement over purely grammatically based approachesto the enigmaticrelationshipbetween languageand thought.Further, the standardizednatureof these games allows more exact comparisonacross languages than is possible with traditionalelicitation methods. Turningto the question of the relationbetween linguistic and cognitive representations, it is criticalto determinethe cognitive representationindependentlyof the linguistic representation.To do this, the cognitive tests must be as minimally linguistic as possible. We developed a batteryof nonlinguisticexperimentsfor recall, recognition, and inference among spatial arrays. While the determinationof cognitive representationmust proceed independently from the linguistic data collection, we must also rememberthat languageuse is always contextuallydependent.Because of this, we must also carefullycoordinatethe contexts of the cognitive tests such thatthey shareas much context with the linguistic elicitation as possible.3' An initial problemfor our projectwas that the absolute and relative frames of reference are functionallyequivalentin most contexts and thereforedifficult to distinguish in most nonlinguisticbehavior. However, when the subject is rotatedby 180 degrees, each frame of reference has its own discernible logical properties.This allows us to design cognitive experimentsin such a way that the subjects' responses indicate the frame of reference they are using. COGNITIVE FINDINGS.We hypothesized that users of different language systems



should vary in their choice of nonlinguisticspatialproblem-solvingstrategiesin a way analogous to their languageuse. The findings of our cognitive experimentsare indeed parallel to our linguistic findings. As with the linguistic findings, there is a fairly consistent patternof cognitive response within each community,and communitiesdiffer dramaticallyfrom one another. Cognitive representationsof seemingly basic spatialrelationsare culturallyvariablein nontrivialways: people from differentgroups clearly categorizethese relationsdifferently, even when their behavior might initially appearsuperficiallysimilar (e.g. functionally equivalent in terms of the types of contrastsmade). Most importantly,there is a striking relation between the cognitive responses and the linguistic patterning of each community. Subjects from language communities 31This is also vital in Lucy's approach(1992b: chap. 1), althoughhe phrasesthe problemdifferently:the investigatormust have a third standardof reality from which to independentlyevaluate the cognitive and linguistic data. Having sufficiently similar stimuli for both the linguistic and the cognitive data collection works toward this end.
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where the absoluteframeof referenceis dominantin tabletopspace also tend to perform nonlinguistic tasks in tabletop space using an absolute frame of reference. Subjects from language communities that employ a relative frame of reference in the same domain tend to performthe nonlinguistictasks using a relative frame of reference.In short,linguistic coding correlatesstronglywith the way spatialdistinctionsare conceptualized for nonlinguisticpurposes. RELATIVITY. Our results of course, hold only for the single domain of LINGUISTIC



transverserelationshipsin tabletopspace. Perhapsthe domain we chose to investigate happened to yield these results because of some idiosyncrasy of the domain; we do not presume generalizabilityto other domains. For this reason, these findings arejust one part of a largerprogramsystematicallyinvestigatingissues of linguistic relativity across a variety of conceptual and linguistic domains. We do, however,feel optimisticthatthese correlationsbetweenlanguageandthought will generalize to some other domains as well-when these are investigated in the mannerdescribed here. The domain of these spatial relations seems especially basic to humanexperienceandis quite directlylinkedto universallysharedperceptualmechanisms. Since linguistic relativityeffects are found here, it seems reasonablethat minimally they could be found in other, less basic domains as well. Finally, there must be a mechanismat workthatcreatesmentalrepresentationsconsistentwith social language use. It seems improbablethat such a mechanism would be specific only to this one domain. Rather, such a mechanism would potentially operate across many areas of human cognition. What then might this mechanism involved in linguistic relativity consist of? We surmise that language structure-as instantiatedin the social patterns of language use-provides the individualwith a system of representation,some isomorphicversion of which becomes highly availablefor incorporationas a defaultconceptualrepresentation. Far more than developing simple habituation,use of the linguistic system, we suggest, actually forces the speakerto make computationshe or she might otherwise not make. Any particularexperience might need to be later described, and many are. Accordingly many experiences must be rememberedin such a way as to facilitatethis. Since it seems, based on our findings, that the differentframes of referencecannotbe readily translated,we must representour spatial memories in a mannerspecific to the socially normal means of expression. That is, the linguistic system is far more than just an AVAILABLE pattern for creating internal representations:to learn to speak a language successfully REQUIRES speakersto develop an appropriatemental representation which is then available for nonlinguisticpurposes. REFERENCES ASCH,SOLOMON E., andH. A. WITKIN. 1948. Studiesin spaceorientation2. Perceptionof the uprightwith displacedvisual fields and with body tilted.Journalof Experimental Psychology38.455-77. and MARGARET MEAD.1942. Balinese character:A photographic analyBATESON, GREGORY,
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