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Abstract. Traditionally, depictionsand descriptionshave been seen as
complementary; depictionbave beerpreferred toconvey iconic or meta-
phorically iconic informationwhereasdescriptionshave beempreferred for
abstractinformation. Both are external representationsdesigned tocom-
plementhuman memonyandinformation processing. Weave found the
same underlying structure and semantics for route raagsoute directions.
Here we find that limited schematic mapd direction toolkits are sufficient
for constructing directions, supportiripe possibility of automatictransla-
tion between them.
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1 Introduction

Traditionally, depictions and descriptions hdeen seen asomplementarygepic-
tions aregood atconveying onekind of information and descriptionsanother.  Pic-
turesare often regarded as aitonic medium, representingeal objectsandreal space
by similarity to them,though this viewis emphaticallydenied by many (e. g.,
Goodman, 1968). Diagrams, a kind of depiction not meant to represent the physically
apparent worlduses objectsind spacemetaphorically torepresenelementsand rela-
tions among thenfe. g., Tversky, in press; Winn, 1989). By contrdsnguage is
seen as purelysymbolic mediumthat conveys meaninthrougharbitrary symbols
combined in complex, rule-governed structures. Depictions, then, are regardekas
appropriate forinformation that isdirectly or metaphoricallyvisualizable, whereas
descriptions are regarded as more appropriate for abstract information.

In actual practice, graphiendverbalmedia arerarely pure. Maps,for example,
typically have legendand somearbitrary symbols,such as thoséor towns ofspeci-
fied populations or thoséor industrial production orhistoric sites. On the verbal
side, written language usasvariety of spatiatlevices,such asspaces betweenords
or indentations forparagraphsthat convey usephysical space toconvey meaning
metaphorically.



1.1 External Representations

Information Processing Advantages. Yet, whenon paperboth pictures and
words areexternalrepresentationszognitive tools invented topromote memory or
thinking. As Donald (1991) puts it, external representatarsnalogous tanternal
ones; theyare storageandretrieval devices.But externaldeviceshave certairadvan-
tages(anddisadvantageghat internal ones don't have. Thaulvantagedave been
highlighted by a number of researchers in a number of contexts: by lasdkBimon
(1987) indiagrammatiaeasoning, byDonald (1991) in evolution of mind, byNor-
man (1993)and Scaife and Rogers (1996) irhuman-computeinteraction, and by
Kirsh (1996) in everydayactivities. Theutility of external representatiorderives
from the interaction atheir externalformat with qualities ofinformation processing.
Goodexternaldisplays compensate fdimitations of information processing while
taking advantage ogkills of information processing. Weéreashuman information
processing is limited, both in number of itefmemory) andih numberof operations
(processing),external representationare virtually unlimited, though searching
through themcan becostly. Whereasinformation processing isfleeting, external
representationare permanent. \Wereashuman informatiorprocessing is a private,
internal eventexternalrepresentationare public, transportableand sharable. Exter-
nal representations enlarge human memory and enhance processing by offloading those
burdens fromthe mind to inspectibleearrangeablspace. Peoplare limted in the
amount of information anthental operationthat theycan keep traclkof, but people
are excellent at pattern recognitiofurning internal informatiorand operationsanto
external patterns augments the powers of mind.

Special Features of Depictions. As externalrepresentations, depictions are
thought to have unique advantages. The arrangement of items in spadeafitself
facilitates cognitive activity. For example,related information may be spatially
proximal, minimizing searchand facilitating inferences(Larkin & Simon, 1987;
Suwa & Tversky, 1997). Spatial arrangements themselves are meaningful. Grouping,
ordering, and distance spacecorrespond tayrouping, ordering, ordistance orsome
other dimension (Tversky,995). Tosave timecooking forinstancechefsline up
ingredients inthe order ofuse (Kirsh, 1995). Irdiagrams ofmechanical or social
systems, the spatial arrangement of components represents causal relatifmnsar
tion flow (e. g., Kieras, 1992). In typicX-Y graphs,order andnterval oneach of
the axes represent order and interval on dimensions such as time and money.

Limitations of Depictions. The very specificitythat makeslepictionstractable
to searchand inferencelimits their expressivenesge. g., Stenning & Oberlander,
1995). Wthout introducingarbitrary notation, it isdifficult to convey abstraoton-
cepts such as justicend freedom orrelations suchcounterfactualand hypothetical
pictorially. Thus, theeffectiveness otlepictionscomes from their use dapace in
meaningful waysand their ease in raking inferences. However, depictiondorce
concreteness where it may not be meaningful, encouraging false inferences. As Bishop
Berkeley long ago noted, one acamly depict gparticular trianglewith specific angles



andsides, not ageneral, abstradriangle. Depictionamay convey some concepts
naturally, but they don't naturally convey other meanings and relations.

2 Route Maps and Directions

2.1 Structure of Route Directions

One commonarena where@lepictionsand descriptionsare usednterchangeably is in
conveying route instructions, in directing others howgeo from point A to point B.
Denis and his collaborato(®enis, 1997;Denis & Briffault, 1997; Denis,Pazzaglia,
Cornoldi, & Bertolo, 1998) havanalyzecthe structure ofverbalroute directionscol-

lected inthe field in locales aglisparate as &renchuniversity campusand Venice.
Based omuality ratings byjudges on a largeorpus of directionsDenis (1997)dis-
cernedseveralcomponents ofdeal route directions. These corponents mayverlap

in the same utterance and they may be implicit. The first step is to put the listener at
the point of departure. In the field, this is typically apparent to both interlocutors and
need not bespecified. The secondstep, beginning the progression, may also be im-
plicit. The nextthreestepsare usedteratively until the goal isreacheddesignate a
landmark; reorienthe listener; start thprogression again bprescribing anaction.
Actions may bechanges obrientation or continuations in treame direction. The
critical information, then, is @equence ofegments, tripleslesignating arorienta-

tion, an actionand alandmark. Landmarksaretypically the startand endpoints of

each segment, though at least one is usually implicit.

2.2 Route Maps

How do route maps compare to route directions? In order to find out, Temrdkyee
(1998) stopped bypasserear acampus dormand askedhem if theyknew how to
get to a popular off-campus fasiod restaurant. If they answeredaffirmatively, they
were asked to either sketatmap or writedirections tothe restaurant.The resulting
corpus was diverse, especially for the directions. Semrelists of turns on streets,
whereasothers were completesentencesvith extensive descriptions oflandmarks.
Two coders coded the magsd directions foDenis' categoriesand extrainformation.
In fact, more than 90% of mapsddirectionscontainedsomeextrainformation, for
example, cardinal directions, arrows, distances, extra landnaadkndmarkdescrip-
tions. The directions collected by Demisd his collaboratorscontained sirtar extra
information.



2.3 Common Structure for Directions and Maps

More remarkable was tHinding that thestructure ofroute maps was essentially the
same as thstructure ofroute directions. Like routedirections, routanapscould be
divided into segmentontaining startingand ending landmarks, orientations, and
actions. Mreover, thesemantic content of the elementghetherdepicted or de-
scribed,was similar. The similarity ofstructureandcontent suggests that tisame
conceptual information served as a basidbfiih depictions andescriptions ofoutes,
andthat routedepictionsand descriptionsschematizedhe real world information in
similar ways.

Startand endpoints in both mapsnd directionswere landmarks,buildings, or
roads. These were named in directions,cfteh in maps asvell. In maps,building
and field landmarks were often schematized as rough shapes. Actiorindicated in
maps by lines, doubler single, thateferred topaths. In aboubalf the caseghey
were accompanied bgrrows. Arrowswere usually redundanthowever, aghe route
maps, unlike other sketch magpscludedonly the streetselevant tothe traveler, so
there was no abiguity about which path to take. Majsd three kinds ofpaths,
intersections, straight paths, and curved paths, mappitagthe thre&inds of actions
distinguished in directions. Intersections in mapsgesponded tourns in directions.
The intersectionsvere drawn atapproximately 90degreesrrespective ofthe actual
angle. Actions directing thieaveler toturn were, like the route mapsndifferent to
angle of turn. They used terms like "turftidke a," "make a," "go," or simplyleft"
or "right." Straight paths in map®rresponded t@ontinuing straight irdirections.
Actions directing the traveler to continue alongraight road tended tase terms like
"go," "head,""continue,"and "keep going." Finally, curved paths corresponded to
following a curved road in directions. Actiodsecting the traveler téollow a curved
road tended to use "follow" rather th&gn." Although route mapare potentially an
analog medium, map-makers did not take advantage of the analog feature of depictions.
Instead they discretizedthe environment in essentially tisame way as thegid in
route directionstreating pathcurvature,intersectionsturns, and soforth, categori-
cally.

2.4 Conclusions

Both maps andlirections,then, were conposed ofthe same componentandmarks,
orientations, and actions. Moreover, they made sinait@icorrespondinglistinctions
within each ofthosecategories. Nevertheleghgere were interestingdifferences be
tween maps and directions tisgem to derivefom their different media,depictive vs.
descriptive. For eadype of componenttherewere more verbal options thanpicto-
rial. This seems to bdue tothe iconiccharacter ofmaps, ofdepictions ofspace.
Mapping more or less straightads inthe world to more or less straight lines on
paper is a natural correspondefade Tversky, 1995). Languageallows severaldiffer-
ent ways to express the same action.relatedproperty ofelements ofdepictions is
that theyconflate conceptthat descriptionsoften separate. For example, indepic-



tions, a crossed pair of lines indicates an intersection, a start point, an endupbiat,
turn simultaneously.

The iconicnature of depictionsinderlies astriking difference betweenthe route
maps and the routdirections, sufficiency. All of the informationnecessaryor get-
ting from the start point the destination wagxplicitly contained inthe maps; that
is, the maps were sufficient. Viewed superficially, much ofrtbeessarynformation
was missing from the directions. Seventy-five percent of the direddokedeither a
start or anendpoint, and 45% lacked aiece ofpath/progressioimformation. Yet,
for the most partthe routedirectionsappeared to badequate tallow a traveler to
arrive at the destination. Most of the missing information was implicit. Nearly all of
it could be inferred by applying two simple inference rules.

The rule of continuity stipulates that ifséart point ismissing, itis thesame as
the previous end point, or vice versa. The ruldéoofard progressiorstipulates that
when tworeorientationsoccur successively, gorward movement is impliedetween
those two reorientations. For example, a direction “Turn left at X St. Turn right at Y
St.” implies “Turn left at X St. Go down X & until Y St. Turn right at Y St.”
Assuming theseénferencerules, 86% ofdirections were complete and sufficient.
However, three route directiomgere missing thelirection of aturn. Thepragmatics
of depictionsprecludethose sorts oambiguities. Thenecessity to be specific, to
draw a complete route, insures inclusion of all teedednformation. Language, by
contrast, allows different ways of expressing the sarder oflandmarks orsequence
of events, by disambiguating using structural terms like "before," "after," aricblin
of”.

3 Translating Depictions to Descriptions and Descriptions
to Depictions

The similarity of structurebetweenroute directionsand route mapsrevealed in the
analysis of the protocols collected by Tversky had (1998)suggests that it may be
possible to automatically translate between them. Bw#ttionsandmapsare com-
posed of similar components, landmarks, orientatiand,actions. Withireachclass
of componentthereare correspondencégtweenthe depictionsandthe descriptions,
for example, straight lines to "go." A system that translated depictichsstiptions
and vice versa would haseful for manysituations,including car navigationdevices,
wheredigital mapscould efficiently store many possible routemd specific routes
could bepresentedrerbally to preventlistractingthe driver from watching theroad.
The previous experiment suggestedt route mapsndroute directionsare composed
of units and segments that are parallel across the media.

Here wereport a projecthat is a preliminaryest of thefeasibility of automatic
translation between depictiomsd descriptions ofoutes. Wegaveparticipants a set
of route-finding problems and provided them with toolkitspictive ordescriptive, to
use to construct the routes. Participamtse encouraged teupplement theoolkits
whenever needed. The toolkits wéigsed orthe elements thadppeared irthe Tver-



sky and Lee (1998)rotocols,with someadditions totake account of aider variety

of routes. Theeomponents ofhe toolkits werethe naturakcomponents oéach me-
dium, sothere was ndalirect and obvious correspondencbetweenmap and direction

components. The components of the map toolkit were pictorial elembateas the
components of thdirectiontoolkit wereverb phrases. Theuestion ofinterest is
whether the tool kits were at the rigavel of granularity andich enougho construct
route directions ormaps that thereatorsthoughtwere adequate. Ifiot, theresults

will reveal how to alter or enhantiee tool kits toenableproductionof adequateoute

maps and route directions.

3.1 Method

Participants. The participantsvere 14 Stanford studentsfulfilling a course re-
quirement.

Tasks. Each participantconstructed fmapsand 7 directions as &lock in counter-
balancedbrder. Tomake sure participantsew theroutes,eachparticipantselected
the particularroutes from dargerset. Eachblock of 7 consistedof 3 routesfrom
landmark within Stanford campus to a landmark outside campus, 3 routes fraffn an
campuslandmark to aron-campus landark, and 1longer route (15miles or more)
off-campus.

Materials. Participantswere providedwith toolkits on paperand blank paper, a
black pen,and ared pen to construct the magpsddirections. Theywerealso given
scotch tape to create larger maps if needed.

Procedure. Before each block, participants constructed a magtirections asappro-
priate without the toolkit. Theparticipants were showtihe toolkit and asked to use
it to construct the Thaps ordirections. Participantswveretold thatthe toolkits were
insufficient and that they could supplemérm as they safit. They were asked to
use the black pen for toolkit elements and the red pen for their own additions.

Toolkits. The toolkits were selected to bgnimalist. Foreachsegment type, an
element was selected feachmajor common distinctiomepresented ithe corpus of
the first experiment.

Map Toolkit. The map toolkit appears in Fig. 1. dontained 3types ofintersec-
tions, X, T, and L; two types gfaths, curved and straightyo typesof arrows,bent
and straight; and two types of landmarks, rectangles and circles.
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Fig. 1. Map Toolkit

Direction Toolkit. The direction toolkit appears ig. 2. It primarily contained
verb phrase frame options, with blanks thatild beleft that way or completedwith
landmarkssuch as path namebuildings, streetsigns and the like. Theopening
direction framewas: Start at facing . Theestination
frame was: will be on yodleft][right]. The remaining verb phrase




frames described actions [turn, go dovisilow, continue]with or withoutrespect to
landmarks or paths or distance/time.

Types of Direction Phrases
Start at , facing

Turn left.
Turn left on

Turn right.
Turn right on

Go down

Go down until

Go down until

Go down fodistance or time.

Follow

Follow until

Follow until

Follow fordistance or time.

Continue past

will be on your left.
will be on your right.

Blanks above are filled with:

e Path names (e.g. X St., Y Ave,, etc.)

* Buildings/Areas (e.g. Yankee Ballpark, Eiffel Tower, etc.)

»  Streets and other markers that indicagkative position fronthe current pg
sition (e.g. 1st street on the right, 2nd intersection from here, etc.)

*  Stop sign or stop light

Fig. 2. Direction Toolkit

3.2 Results

Maps: Use of Toolkit Elements. Fig. 3 illustrates a typicamapdrawn by the
participantsusing the magoolkit, compared to aractualmap of the same region.
All of the participants used the three typésntersections as wells thestraight-line
path. Theintersection typegi.e. X, T, and L type intersectionsyvere not always
veridical; in fact, 93% of participants usatleast one incorredtersection. In some
cases, misuse might have betsiiberate, a Griceaattempt to simplify thénforma-
tion in the map for theiser. Forexample, arX-intersectionmight bedrawn as a T-



intersection because the traveler needs to turoassn't needhe information that the
roadcontinues straight asell. Eighty-six percent ofparticipantsusedarrows and
curved paths. Although all participants used both rectangularoamd landmarks, the
rectangular ones were used as a defaotithe roundones in speciatases wher¢he

landmark was round.
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Fig. 3: A map drawn by a participant using the map toolkit and an actual map of the

corresponding region
Maps: Added Elements. Participants were toldhe toolkit was insufficient and
were encouraged tsupplemenit. Since manyintersectionsand pathsaroundStan-
ford are irregular (seBig. 3), participantswere especiallyencouraged taenoteinter-
sections and curved paths accurately. In spite of this, only 43% of participankesd
at least one intersection as differing from 90 degaees?9% markedt least onepath
as differing fromstraight orcurved. Mbreover, thes@eviations vere not necessarily
accurate.

About half of the participants used speciapictions for exit ramps overpasses, and
street signs or lightsTwenty-onepercent ofparticipantsusedother iconiclandmarks
and 43%usedlandmarksthat were neitherrectangulamor square,but were also not
iconic. Half the participantsaddedshort descriptiveinformation supplementing the
information on paths or landmarks beyond their names. Udsedcompasdirections
and one used distance information.

Start at Stanford Shopping Center, facing EI Camino.
Turn right onto EI Camino.

Turn rightat thefirst light onto Galvez St.

At the secondstopsign turn left onto Serra St.

Follow Serra St. until you hit Campus Dr.

Turn right onto Campus.

Turn rightat thefirst stopsignonto Escondido Rd.
Branner should be on your right side.

Fig. 4: Directions by gparticipant using the directiontoolkit. Underlinedphrases are
marked by the participants to indicate that they are not provided by the toolkit.

Directions: Use of Toolkit Elements. Fig. 4 illustratestypical directions
generated byhe participantsising thedirectiontoolkit. As for maps, participants

used all of the classes of elemeptsvided inthe toolkit. Somereplacedthe given
elements with synonyms. The toolkit provided a set of terms for path progression and
turns, including "turn," “follow," "go down," and "continue." Someparticipants
omitted some of these, shortening thdinections tojust turndirection forexample.

A few other participants substituted synonyms, sagtmake a" oftake a." Substi-
tutions were also made in the prepositions or verb particles, "turn at" for "turn on" and
"continue through" for "continue past."

Participants did supplement the direction toolkit in a number of ways. Sddee
some actions; siadded'exit" andfive added'U-turn." Someaddedlandmarks; one
added "overpass," and three added "dgatl’ Somections were modifiedpatially, as
in "turn sharply," or temporally, as ifafter 3 minutes" or "turnimmediately." Al-
though the tool kiframes allowednly onelandmark peraction, mostparticipants
added a second landmark toledst one action.Most participants alsgrovidedaddi-
tional information on the end point, typicaladditionallocative information, such as



directionfrom the traveler and/orsome nearby landmark. Altogether, most of the
information added was locative.

4 Discussion

4.1 Toolkits for Route Maps and Directions

Were the toolkitsufficient? Both mapanddirectiontoolkits containedelements for
paths, actionsandlandmarksknown from previousesearch to béhe essentials of
route directions. Mreover, theelementswvere schematized sthat pathswere either
straight or curved, actions werentinuestraight, follow acurvedpath, or turnland-
marks were rectangles or circles. Arrows were also provided to mapmalkaersetau-
ate theroute. With some minor exceptions, these elemerts sufficient for con-
structing route maps, despite the fact that participaste hadbeen toldthe toolkits
were not likely to be sufficient and encouraged to supplement it. Particheddsso
been encouraged to represanersectionsand pathsaccurately;neverthelesshey did
not do so frequently. Even when participactgstructedhe angle of intersection or
curvature of path, they were not necessatiing so correctly. In constructingaps,
some participant;ventediconic symbolsfor common types ofandmarkssuch as
overpasses dights. Thesewereremarkablysimilar acrossparticipants,suggesting
sharedgraphicschemas. Finally, for maps, someparticipantsaddedverbal descrip-
tions of landmarks and paths, especially at the goal.

Similarly, for the most part, theoolkit elementswere sufficient for constructing
route directions. Some participants substitutedear synonymsfor actions, such as
“make a left/right” for “turn left/right”. Some participanssldedelements foractions
or landmarks. Manysed aradditional landmark tdacilitate locating acritical one,
especially at the goal.

All of the elements provided by both toolkits were in faséd by mst of thepar-
ticipants, suggesting that most or all of themrenecessary.One exceptiormight
be the arrows, which were in fact usgdeast once bgnost participants this study.
However, theywere not usedconsistently in thisstudy andthey were spontaneously
used byonly half theparticipants in theprevious study. The pragmatics ofoute
maps allowinference ofpath directionfrom the startand endpoints andelements of
the environment included in the sketch map.

Of coursethere is aradeoff betweenthe size ofthe toolkits andtheir adequacy,
though the inconsistency efdditions tothe toolkits heresuggests that thelements
andtheir instantiationfferedhere wereaemarkablyapt. Theinconsistency obddi-
tions also suggests diminishimgturnswith increasinglylargetoolkits. Moreover,

larger toolkits would undoubtedly be more cumbersome to apply in constructing maps

and directions.
Would thesetoolkits be sufficient in general? The toolkits were developed and
tested using aity world, wherethereare clearpathsconnectingstartand endpoints.



Moreover,the pathsareusually streetstherefore namd. Intersections opaths also
serve as landmarkssed toanchoractions. The tedhdicatedthat it might bedesir-
able to supplement the toolkits with additional landmarks, such asaexitgyhts, as
well as actions, such as U-turns. Thember of elementsurrently inthe toolkits is
very small, so supplementing themreasonablandshouldnot impose aurden on
users.

Even with these additions, the toolkits wopldbably not besufficient for getting
from here tothere in arenvironmentwithout clearpaths, such as laarren desert or
dense jungle. In those casbswever,conventional sketch maps or routieections
are also likely to be deficient, and eithepological maps suppleanted bya compass
(or GPS) or a knowledgeable guide might be needed to avoid error.

4.2 Automatic Translation of Maps to Directions and Directions to
Maps?

This study can beregarded asvhat Gleitman (1999) hatermed “asimulation of a
simulation”. Theimplicit question is thefeasibility of asystem toautomatically
translate maps to directions and wegsa. Thestudy suggests thathis may bepos-

sible. Both route maps and route directions caddm®mposed tthe same elements,

one set graphic, the other verbal as outlined earlier (see section Common Structure for
Directions and Maps). The verbal and graphic elements map onto one another. Tool-
kits consisting ofeither theverbal orthe graphic elementsappear to besufficient,

with some additions, to construct route directions or route maps to get froplacee

to another in an urban environment.

4.3 Toolkits for Other Domains

For the dorain of routes, then, bothlepictionsand descriptionsseem to convey
equivalent information.Theremay bereasons tqreferone mediunover another in
specific situations, such as a verbal medium during car navigation. Are uniges,
or are there other familiar domainderedepictionsand descriptionsare close equiva-
lents? Asfor routes, such a@omain wouldrequire acommonunderlyingconceptual
structure that naturally decomposes iatpiivalentgraphicandverbal elements. One
possibility isthe partstructure ofobjects orsystemswhich can berepresented by a
diagram or a structural descriptiom fact, directions forassembling objects aper-
ating systems are often givendither form. Nevertheless, depictiorsould seem to
have anadvantagdor two reasonsfirst, the iconicity ofparts or elementshould
facilitate identifying them; second, the spatial relations of parts or elements should be
easier to determinffom the spatial relationsf depictionsthan from verbal descrip-
tions. Diagramsare known to facilitate comprehensiof such systems (e. g.,
Kieras, 1992; Mayer & Gallini, 1990).

A more abstract domaiwheredepictionsand descriptionamay benear equivalents
is graphs. Zacksand Tversky (in press)have investigatedwo mirror-imagetasks:
people's interpretations tifie relationgdepicted ingraphs, inparticular,bar andline



graphs and people's productiohgraphicdepictionsfrom descriptionsof relations of
data. There was a simppeediction. Asgraphicelementslines arelike paths,they

connect points.In contrast,barsarelike containers, thegnclose aset of elements,
separating them from other elements.otimer words, thesgraphic elementsaturally

suggest meanings or interpretatiofifie expectation was that peopleuld interpret
bar graphs asliscretecomparisonsand line graphsas trendsand conversely, that
peoplewould use bars taepresentlescriptions ofdiscretecomparisonsand lines to

represent descriptions of trends. These predicti@ne confirmed.In fact, theeffects

of the graphic elements were stronger thareffiects ofthe categorical orcontinuous
nature of the underlying variables.

5 Conclusions

The existence of parallel depictiored descriptions for alomain, such as routes,
suggests a commaronceptual structure underlyifgpth.  Theconceptuaktructure
consists of a somethingnalogous to semantica,set of primitives with meanings,
and something analogous to syntaway to combinemeaningfulprimitives to con-
struct a meaningful whole. In tlease ofgraphs, the meaningful whole is a set of
relations among variables or data; in the case of routes, the meaningful whole is a set
of directions toget fromhere tothere. Parallelinstantiationsfor depictionsand de-
scriptions seem tdepend orsomenatural way ofdepictingelements of meaning as
well as a common conceptual structufeor maps, this isccomplished byelements
such as paths and intersections that bear some resemblance tealheiwrld counter-
parts. For graphs, this mccomplished bylements such as bamadlines thatbear
some natural conceptual resemblancehiir conceptuakounterparts. Iboth cases,
the utility of the external representations are reinforced by the social prouedseyg-
ing establishment of communicative conventions (e. g., Clark, 1992).

The existence of parallel depictiormmd descriptions forseveraldomainsdoes not
imply that bothareequally effective inall situations. Instead it islikely that for
some inferences and tasks, depictions are efteetive but forothers, descriptions are
to be preferred. And, ifact, as noted earlier, mamasesare mixed, such as maps or
writing. Ideally, these mixtures simultaneously utilize the relatisreantages aboth
depictions and descriptions.
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