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Abstract. In producing diagram$or avariety of contexts, people use a
small set of schematic figurée convey certaircontext specificconcepts,
where the formghemselves suggesheanings. These samechematicfig-
ures ardanterpretedappropriately in context. Threeexamples willsupport
these conclusions: lines, crosses, dhobs insketch mapsparsandlines
in graphs; and arrows in diagrams of complex systems.

1 Some Ways that Graphics Communicate

Graphics of varioukinds havebeenusedall over theworld to communicatepreced-
ing written language. Traiharkers ortrees, tallies on bonesalendars orstellae,
love letters on birclibark, maps on stonend paintings incavesare some of the
many remnantsf graphiccommunications. Many graphicsappear toconvey nean-
ing lessarbitrarily than synols, using anumber of spatiabnd pictorial devices.
Maps are aprime examplewhere graphic space isused torepresent real space.
Graphic space caalso beusedmetaphorically torepresentabstractspaces. Even
young children readily use spaceexpresrderings ofquantity and preferencélver-
sky, Kugelmass, and Winter, 1991). Space candeel toconvey neanings adiffer-
ent levels of precision. The weakest level, the categorical level, uses s=parte
entities into groups, such as lists of playemswo baseball teamdr, in writing, the
letters belonging talifferentwords. Greaterprecision isneededor ordinal uses of
space, as in listing restaurantsarder of preference ochildren in order ofbirth. Of-
ten, the distances between elements as well as their orthelidated, as irthe events
of history or theskill of athleteswherethe differencesbetweenevents or athletes are
meaningful in addition to the ordering between them.

Space is not the onlgraphicdevicethat readily conveysmeaning. Theslements
in space do so asell. Many elementbear resemblance the things theyonvey.
Both ancientand modernexamples aboundldeographidanguagesconveyedthings,
beings,andevenactions througlschematicrepresentationsf them, just asairport
signs and computericons dotoday. Ideogramsandicons alsorepresenthroughfig-
ures of depictionconcretesketches otoncretethings thatare parts of orassociated



with what is to beconveyed, as a scepter to indicat&iag or scissors tandicate
delete.

2 Meaningful Graphic Forms

Our recentwork on diagramssuggestsanother kind of elemerthat readily conveys
meaning in graphics, moebstract than sketches things andbeings, yet moreon-
cretethan arbitrary symbols like letters. In hiself-proclaimed,but alsogenerally
recognized,authoritative guide to internationalgraphic symbols,” Dreyfuss (1984)
organizedgraphicsymbols by contentsuch astraffic, geographymusic, and engi-
neering. But Dreyfussalso organizedsymbols bygraphicform, notably circle, el-
lipse, squareblob, line, arrow, andcross, all in all, only 14 of them, some with
slight variants. These graphiéorms appear in aaumber ofdifferent contexts, with
meanings varying appropriately. Circlés, example, represeigiauges, platesyarn-
ings, and nodes, among other thingges stand foibarriers,piers, railroads,streets,
limits, boundaries, divisions, and more. Wi call this class ofgraphicforms that
readily convey more abstract meanings “meaningful graphic forms.”

Why only adozen or sdorms, andwhy these forms?  Oneharacteric ofthese
forms is theirrelative sinplicity. They are abstractions, schematizationgithout
individuating features.They have auseful level of ariguity. As such, they can
stand for awide variety of morespecializedmore individuatedforms. A circle can
stand for closedpaces of/arying shapes, two- othree-dimensional. Wénthe indi-
viduating features are removidm aclosedform, something like &ircle is left. A
line can stand for a one-dimensionath or aplanar barrier, ofvarying contours.
Whenthe individuating featuresare removedrom a path, something like a line re-
mains. A cross can represent the intersection of two lines. These abstract forms can
take on more particular meanings in spedifintexts. Using them seemsitalicate
that either theindividuating featureomitted are not relevant orthat the context can
supply them. In mangases, the forms themselha® embellishedwith moreindi-
viduating features, especially when similar forms appear in the same context.

Another perspective is teegardgraphreaders as iplicit mathematicians innter-
preting depictions. In othevords,they interpret theprimitive shapes in terms of
their mathematicaproperties. Acircle is (a) the simplestand(b) the most efficient
form (shortest path) that encloses an area of a given size. Thus interpreiticlg
a diagram invites the inference that nothing more is to be specified than degicis
a closed areaA blob departs fromsimplicity andefficiency in anunsystematidash-
ion. Thus, it invites thedditionalinferencethat thearea depicted isot acircle or
other systematic shapeSimilarly, astraight line is the simplestind most efficient
form connectingtwo points. Thususing the thinnesteasonabldine invites the
inference that an edge is indicated rather than an area, and making it straight invites the
inference that nothing more is to bpecifiedthan that theends are connected/related.
A squiggle departs from simplicity and efficienioyan unsystematic fashion. Thus it



invites theadditionalinferencethat thearea depicted isiot a straight line oother
systematic shape.

These schematiforms, then, seem tdepictabstractions, ag denoting concepts
such asclosedform or path. Yet thewre not arbitrary symbols like theword con-
cepts they loosely correspond to. Ratheir veryforms suggest those mogeneral
concepts. Acircle is a closedform, andsomething like acircle would beobtained
from averagingshapes omany closedforms. Similarly, a line isextended in one-
dimension or on a plane, and something like a Viloelld be obtainedrom averaging
many one-dimensional or planar extensions.

3 Sketching Route Maps. Lines, Curves, Crosses, and
Blobs

Depictive Element Use in Diagram Descriptive Element
O landmark name of building or pafh
straight path “go down”

\ / curved path “follow around”

_|_ —|_ |_ various intersections  “turn,” “take a,”

“make a”

Fig. 1: Core Elements of Route Depictions and Descriptions

The sketch mapthat peopleprovide whenasked togive directions tosomedestina-
tion look quite differentfrom regionalmaps.  Likeroute descriptions, route maps
provide only the informatiomeeded taget from point A to point B, eliminating in-
formation extraneous tahat goal. Tverskyand Lee (1998, 1999)stopped students
outside a dormitory and asked if they knew how to getrieaabyfast-foodrestaurant.
If they responded affirmatively, they were askedketch amap or writedirections to
the place. The maps and directions thyduced were analyzed accordioga scheme
developed by Denis (1997) for segmenting ralitections. For both route maps and
route directions, amall numbenf elementswere used repeatedly byost partici-
pants. Mbreover, theselements rappedonto one another. See Figurefdr the
map elements and the corresponding discourse elements.



The primary elements of routmaps seem tdoe landmarkspaths, and intersec-
tions. Although the landmarks varied in sem@ shape, theyended tobe represented
by blobs, circle-like closedcontours of indistinguishablghapes. Presumablguch
blobs are intended to convey that there is a striker, but that the exact formswtithe
ture is not important. Althougihe streets varieth curvature they were represented
by either a straight line or a curved one. Again, ékact curvatureloesnot seem to
be an issue. Interestingly, the verbakcriptions made a two-waljstinction aswell.
The straight lines corresponded to “go down,” whereas the curvedccbnesponded to
“follow around” in the descriptionsA similar phenomenonccurred forintersections.
Theytended to beportray as crosses quartial crosses(T's, L's) depending on the
number of streets ithe intersection.However,the angle of the intersection was not
reliably represented.

The depictionsthen, schematizednformation aboutshapes of structuresprva-
tures of paths, and anglesiofersections. Althouglthe depictionshadthe potential
to represent the spatial elements in an analog fashion, they did not. In falgpithe
tions madevery few, if any, critical spatial distinctions thatvere not made in the
descriptions, aymbolic ratherthan spatial medium. On the whole, thiepictions
and the descriptions representbd same spatial elemergsd madehe samedistinc-
tions among them. Thisuggested to uthat it might befeasible totranslateauto-
matically betweenroute depictionsanddescriptions. As start inthat direction, we
gaveparticipants eithedepictive or descriptivéool kits, containing thebasic ele-
ments of the route directions. We also gave them a large set of routes, spangeing
andsmall distancescomplexandsimple pathsandtold them to uséhe tool kit to
construction directions for thersupplementing théool kits wherevernecessary. In
fact, for the vast majoritpf cases, theool kits were sufficient, suggesting that the
semantic elements frequently usedoute directionsandroute mapsarethe essential
elements for representing known routes.

4 Graphing Data: Bars and Lines

Line and bar graphs are theost frequentvisualizations ofdata inpopular as well as
technical publications ( Zacks, Levy, Tversky, and Schiano, in press). In caaey,
they are usedsif equivalentthough the puristéinsist on linesfor only continuous
variablesandbars fordiscretevariables. By contrasfpeople—collegestudents, that
is—usebarsandlines consistently butaccording to a differenprinciple. Bars are
closed forms and can be viewedcastainers; they enclosme kindof thing, separat-
ing thatkind of thing from other kinds ofthings, which may be inanother bar.
Lines, on the othehand, can b&iewed aspaths orconnectors. Sincbkars contain
andseparate, iseems natural fathem toconvey discreterelationships. And since

lines form pathsand connectseparateentities, it seems naturafor them to convey

trends.



To establish whether people associate Wétrsdiscrete corparisons andines with
trends, we ranwo kinds ofexperiments: interpretatioand production. In the inter-
pretation experiments, students were shbmaor bar graphs oheight asa function
of either a discrete variable, men or womamas a function of a continuowsriable,
age 10 or 12 years (Zackad Tversky, 1999). Examplesf the graphsappear in
Figure 2.
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Fig. 2: Y-axes showheight in inches. Bar andline graphsarepresented to students for
interpretations (Zacks and Tversky, 1999).

In fact, both the form of the depiction and the nature ofintlependenvariable af-
fectedpeople’s interpretationsf line andbar graphs,but, surprisingly, theeffect of
form of depiction wasgreater. Asdetermined byblind coders, bagraphselicited
proportionately more discrete comparisons. Sdliseretecomparisonsvere: “male’s
height is higher than that é¢male’s” and“twelve yearolds aretaller than tenyear
olds.” Similarly, line graphselicited more descriptionsof trends,such as: “height
increasegrom women to men,” “heighincreaseswith age,” and even, “themore
male a person is, the taller he/she is".



As before, descriptions of the relationships playddrgerrole in the graphicform
selectedhan thenature ofthe underlyingvariable. When presentedwvith a discrete
comparison, such as “height for males y#2r olds) is greaté¢han heightfor females
(10 yearolds),” studentsended toconstructbar graphs. However, whenpresented
with a description of &rendsuch as “heighincreasedrom females(10 yearolds) to
males (12 year olds),” students tended to construct line graphs.

Lines andclosedfigures, namely bardiavereadily availableinterpretations in the
context of graphs, as trendsasr discrete comparisonslheseinterpretationsstand in
sharp contrast tthe interpretationsines and closedfigures would begiven in the
context ofothergraphicforms, such as maps. In maps, liresinterpreted as and
producedfor roads orboundariesand closedfigures areinterpreted as oproduced for
structures.

5 Diagramming Complex Systems. Arrows

The early uses of arrows diagrams remain obscureut theydid appear in diagrams
to indicate direction of movement by the"i&ntury (e. g., Gombrich, 1990) There
seem to be at least two physical analmgsrrows that indicate directionality. One is
the arrow shot from a bow. The second is the arrow-like juncturesdbat asliquid
flows downhill (Tversky, in press). Inferring directionfrom arrows seems like a
small leap. Similarly, iseems a smalkap toinfer temporaldirectionfrom spatial
direction. After all, much of the way welk about time comefsom the way we talk
about space (e. g., Clark, 1973; Lakoff and Johnk®80). Yeta moreabstract but
relateduse ofarrows is inthe sense oimplication as in logicand in the sense of
causality as in diagrams. Indeed, temporal necessity is often regard¢uiessqaisite
for causalnecessity. Philosophyaside, Mchotte (1963)has elegantlydemonstrated
that people readily make inferences frappropriate temporaglations to causaines.
One dot moves next to another; if the second dot moves quickly in thed#aeten,
the first dot is seen as “launching” or causing the movement dettenddot, much
like billiard balls. Arrows, then,seem welldesigned tdandicate direction in space,
time, and causality.

Uses ofarrows havenot beenrestricted todirection in spacandtime. In his ex-
tensive survey of diagrams, Horn (1928unted250 meanings for arrow#cluding
and metaphoricuses, such amcreasesanddecreases. Rppingincreases taupward
arrows and decreases to downward arronsoignitively compelling. Increasingquan-
tities make higher piles, piles that go upwards.

Diagrams of complex systems, such as those in Figures é)d45, arecommon
in textbooks and in instructions for their operation.
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Fig. 3: Diagram of bicycle pump with arrows
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Fig. 4: Diagram of a car brake with arrows
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Fig. 5: Diagram of a pulley system with arrows

Note that each of these diagrams contain arrows. affegsfunction to show the
route and sequence of eveintshe operatiorof the system. Without tharrows, the
diagramsprimarily illustrate thestructure ofthe systems; that iswhat the parts are
and how they are spatially interrelatédlith the arrowsand some mchanical knowl-
edge,the temporabequence oévents in the operatiois more apparent. Together
with the structure, the temporal sequence of evisrdsstrongclue to the functioning
of the system. Pudifferently, from the temporakequencecombinedwith general
knowledge, the causal chain of events in the operation of the system can be inferred.

How are arrows used in the interpretatiordi@grams? The previousanalysissug-
gests that the presence of arr@hsuld encourage causéinctional interpretations of
the diagrams whereas the absencarafws should encouraggructuraldescriptions of
the diagrams. To ascertain tbffects of arrowsn diagrams, Heiseand Tversky (in
preparation) presented one tbe three diagram eitherwith or without arrows to un-
dergraduates. We ask#iem toexamine thediagramand write a description of it.
The descriptionsvere codedwithout knowledge of diagrancondition. Students who
observeddiagramswith arrowsincludednearly twice asnuch functional information
as students who sagiagramswithout arrows. Conversely,students who sawlia-
grams without arrows included mattean twice thestructuralinformation asstudents
who saw diagrams with arrows-or example, on@articipant who saw diagram of
the bicyclepump withoutarrowswrote aprimarily structural description: “bee a
picture of some type of machine or tool that has ndifigrent parts whichare called



handle, piston, inlet valve, outlet valve, and hose. Alsodihgramshows a similar
tool or machinebut the partsarenot labeledand arein different positions than the
machine on the left. Contrast this w#hother participant'slescription ofa pulley
system, depicted with arrows: “By pulling thepe, which is parof theupperpulley,
the clockwise motion othe upperpulley causeshe mddle pulley to movecounter-
clockwise. The lower pulley alsooves counterclockwise arifts the load. All the
pulleys are connected by the same rop®f this description of theicycle pump, by
a participant who saw diagramwith arrows: “Pushingdown onthe handlepushes
the piston down on thialet valve whichcompresseshe air in thepump, causing it
to rush through the hose."

Complementarnyfindings were obtainedwhen studentsvere given descriptions of
systemsand asked to produaiagrams. The descriptionsof the bicycle pump, car
brake, or pulley system were either structural, #hahey described thgarts andheir
spatial interconnections, danctional, thatis, theydescribedhe causalsequence of
events in the operation of the system. Students redfunctional descriptionswvere
more likely toinclude arrows irtheir diagramsthan studentsvho readstructural de-
scriptions.

6 Meaningful Graphic Forms Again

Arrows, then, join the class of diagrammatic forms tieatily convey arestricted set
of meanings in context. Those meanings seem to derive in part from the doaphic
and inpart from the context. The forms ehclosedigures like blobs, circles and
bars, oflines, ofcrossesand ofarrowssuggestcertainphysicalpropertiesthat have
cognitively compelling conceptual interpretationEnclosedfigures suggest theos-
sibility of containing certain elements, separating those elements from otGerse-
spondingly, wehave foundthat peopleinterpretand producebar graphs fordiscrete
comparisons between variables. Closed figures also suggest tthoeesdimensional
objects whoseactual shapeareirrelevant, thus schematized. This wasrevealed in
their use to represefdandmarkstructuresn sketch naps. Lines suggesbnnectors,
as seen in theinterpretation angbroduction fortrends indata aswell as their use to
represent roads and paths in sketepsn Crosses suggest pointghere pathsinter-
sect, also revealed gketch maps.Finally, arrowssuggest asymmetrylirection, in
space, intime, in motion, incausality. Consonant withthis, arrows in diagrams
encouragectausal, functional interpretatiorsd the systemalepicted. Conversely,
diagrams ofcausal, functionatlescriptionsof systemswere more likely to contain
arrowsthan diagrams ofstructural descriptionsof the samesystems. The graphic
forms suggest a class of possible meanings; mpiEise neaningsare developed in
specific contexts.



7 In Sum

Diagrams are oftesomposed okchematic figureshat serve as graphicgrimitives.
A figure communicates meaning beyond that given by its’ location imlitggam and
beyond thdocal conventiongstablished byhe diagram. That is, schematidigures
carry semantic weight. In sketch maps, blobs, straight lines, curveddmbsosses
are used systematically to convey informatdnout geographicdeatures. In graphs,
bars indicate discrete comparisons while lines inditatels. Inmechanical diagrams,
arrows signify order of functional operation. In each case, the meaning diagnam
as a whole igonditioned orthe individual elements' ability toconvey neaning on
their own.

Diagrams seem especially suited to conveyibgpad array o€oncepts and¢onceptual
relations. They useharacteristics oélementsandthe spatialarrays amng them to
convey meanings, concredadabstract. Abstractmeaningsare metaphoricallybased
on theconcreteones. Just as spati@anguagehasbeenadopted toexpressabstrac-
tions, sospaceandthe elements in iteadily expressabstractions. Ongeasonthat

diagramsare useful is that theyrovide cognitively appealing way®f mapping ele-

ments and relations thate not inherentlyvisual or spatial. Yeanother reasothat

diagramsare useful is that theygapitalize onthe efficient methodspeople have for
processing spatial and visual information.
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