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Abstract : Studiesof the conceptuaktructureghatsupportspatialcognition,suggest
a commonbasisfor spatialand linguistic memory. Furthermore studiesof route
descriptionsprovide evidencethat selectingcrucial information units in these
directionsis basedon metacognitiveknowledgethat is largely independenof a
specific environment.In this paper,we investigatedspatial memory as revealed
throughdrawnmaps,with a view to exploringthis commonbasisandtestingfor the
presencef metacognitiveknowledgein the productionof maps.Threeexperiments
were performed.In the first, both individuals with geomaticsexpertiseand those
without wereaskedto draw mapsfrom their memoriesof the Plainsof AbrahamPark
in QuebecCity. These productionswere then comparedand analyzed. This
experimented to arich setof results,including the observatiorthatindividualswith
andwithout geomaticseexpertiseproceedsomewhadifferently whendrawing maps.
In a secondexperimentanindependengroupwasaskedto judgetheresultingmaps
to determineObetter@nd Opoorer@aps.Evidencewas presentedhat supportsthe
notion of metacognitiveknowledgeaboutwhat constitutesa good map.Finally, in a
third experimenta third group was askedto removenon-essentiateaturesfrom a
consolidatednapthatincorporatedall featuresdrawnby all participantsin the first
experimentThis experimentikewise providedevidenceof metacognitiveknowledge
aboutmapsindependenobf the environmenstudied.We concludewith someremarks
concerningthe likely natureof the commonbasisthat supportsboth linguistic and

cartographic representations of environmental space.
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effects of gender, effects of expertise.

1) Introduction



To communicate environmental knowledge, people may use either language or
someform of drawing(or gesturesf the goalis proximal). Thesedifferent modesof
externalizatiorhavebeenstudiedto understandow peoplerepresentnentally their
environmentln this study,we focusedon drawnmaps.Mapsarecommonlydrawnis
to communicatespatialinformation.Childrenproducemapsspontaneoushandmaps
are among the earliest human artefacts.

Tverskyandher colleaguesaveinvestigatedhe link betweenlanguageand
depictionto communicatespatialinformationin a variety of studieslt is now largely
recognizedthat people reorganize spatial information hierarchically or via
categorisatior{Hirtle andJonides,1985; Holding, 1994 ; Maki, 1981 ; McNamara,
1986 ; McNamara,Hardy and Hirtle, 1989). Becausehierarchicalorganizationis
characteristiof memoryfor linguistic material, Tversky(1992)suggeste@ common
basisfor spatialandlinguistic memory.In their studycomparingroutedirectionsand
route maps, Tversky and Lee (1998) found similarity of structurein thesetwo
externalizationsln TverskyandLee (20007?),the authorsconstructedwo toolkits of
primitive elementdntendedto constructeithera routemapor a routedirection. The
maptoolkit containeddifferent simplegraphicforms (suchasrectanglego represent
landmarks}o indicateroads,intersectionssignsandlandmarksThe directiontoolkit
componentsvereverbphrasesTheir resultsindicatedthatthe toolkits weresufficient
for peopleto describeroutes, either pictorially or verbally. Hence the authors
suggestedh commonconceptualstructureunderlying depictionand descriptionof

routes.

Routedirectionshavebeenstudiedin numerousstudies(GaleaandKimura,
1993; Golding, GraesseandHauselt,1996; Lloyd, 1991; Wright, Lickorish, Hull
andUmmelen,1995).Denis,PazzagliaCornoldiandBertolo (1999)wereinterested
more particularlyin the contentand structureof route directions.Four experiments
wereconductedFirst they collectedverbaldescriptionof threeroutesin the city of
Venice. The aim of the secondexperimentwasto constructa Oskeletal@escription
following a proceduredevelopedoy Denis(1997). The skeletaldescriptionwasthe
resultof the selectionof informationjudgedasthe mostimportantby participants.
Participantdamiliar with Veniceaswell asnon-familiarparticipantsselectedsimilar
information.Hencethe authorssuggestedhat selectingcrucial informationunits in



routedirectionsis basedon metacognitiveknowledgethatis largelyindependenof a

specificenvironmentThe third experimentalsoshowedagreemenbetweerfamiliar

andnon-familiarparticipantswhenthey were askedto ratethe communicativevalue
of the original descriptionsFinally, the fourth experimentassessethe value of the

individual descriptionsin comparisonwith the skeletaldescriptionfor assisting
navigationby testingthe navigationalperformanceelicited by thesedescriptions.
Navigation performancewith descriptionsrated as good and with the skeletal
descriptionwas similar. The assumptionthat descriptionsare variants of core
structure(formalizedby constructionof a skeletaldescription)washenceconfirmed.
The existenceof metacognitiveknowledgeof essentiaunits andtheir organization
has been demonstratedThe same procedurehas beenreproducedin another
environment.The routesbeganon a platform of a subwaystationand endedin the

city of Paris (Fontaine,2000). The samepatternsof resultswere obtained.The

theoreticalvalidity of the conceptof Oskeletal@escriptionand the confirmationof

metacognitive knowledge have therefore been confirmed.

Given the suggestedarallel betweenlanguageand mapsand the findings
describechbove we decidedo studydrawnmapsusinga similar procedureWe were
interestedin the contentand the structureof the mapsbut also in the following
guestions. Is therea core structureto maps?Is there metacognitiveknowledgeof
what is important in a map? And what constitutes a good map?

The environmentusedin the studywas an urbanpark in QuebecCity. The
mapsdid not concerna specific route but the park as a whole. Experiment#1
consistedn collectingmapsof the parkdrawnby participantsamiliar with the park.

In Experiment#2, otherfamiliar andnon-familiarparticipantsevaluatedhesedrawn
maps.In Experiment#3, we constructedh Oskeletal®ap basedon the selectionof
informationjudgedasthe mostimportant.Becausanapsarealsocommercialdevices
producedby professionalswe also comparedthe performanceof both mapping
expertsand non-expertsThe expertswere studentsin geomaticsand all had been
trainedin cartographyThe expertisecanbe usedto determinevhethersomegeneral,
shared principles are used and whether specific features due to training are evident.



It hasbeenlargely demonstratedhat the characteristicef the environment
affect mentalrepresentationn termsof content(of course),structure(Taylor and
Tversky, 1992, Zannaras;1973), spatialsystemof reference(Wernerand Schmidt,
1999),and perspectivgTversky, Lee and Mainwaring,1999; Taylor and Tversky,
1996).The environmenttudiedhereis the Plainsof AbrahamPark.lIt is a hugepark
(covering150 hectares)ratherlongerthanwide. The parkis delimitedon the north
side by the city andon southby a steephill overlookingtheriver. In additionto its
size, the park presentsa wide variety of relief. Severalplanarareasborderareas
characterizedby strongslopes.Thereareonly afew roadsin the park. Sowe cansay
thatcomparedo a city or acampusthis environmentis only weakly structuredThus
one of the points examinedwas how these characteristicswould affect the

representation that people form of the park.

2) Experiment #1: Sketching Maps

Theuseof sketchednapsasdependentvariablesin psychologyexperimentss
fraughtwith difficulties. Indeed,drawnmapsaregenerallyincomplete distorted,and
they mix metrics. They are schematized,often including blank spacesand
unconnectedetworks.lt is alsodifficult to scorethem.Moreover,sketchednapsare
often criticized for beingaffectedby individual drawingability. Conversely Blades
(1990)foundthemreliableovertime andNewcombg1985)commentedhattheyare
not less accuratethan other cognitive techniques.As suggestedy Davies and
Pederson2001), drawn mapscan causedifficulties when the aim of a study is
concernedwith judging the Oquality®@r the Oaccuracy®f the maps(comparedto
Euclideanspace)On the otherhand,mapscanbe a real sourceof informationwhen
the focusof the studyis to explorethe knowledgeelicited andthe strategyfollowed

when drawing the map.

The constructionof sketchedmapshas beenshownto be relatedto the
organizationof informationin the mentalspatialrepresentationTaylor and Tversky
(1992) analyzedthe orderin which map elementsof different environmentswere
drawn.Theyfoundthatthe global organizationof mapsdependean bothfunctional
andspatialaspectf the environment.The authorssuggestedhat subgroupf the
hierarchicalorganizationwere basedmainly on spatialproximity, spatialscaleand



functional features Directional conventionsseemedo link the subgroupsPhysical
featuresof the environmentbut alsosemantidactorsaffectedthe constructionof the
maps(Holding, 1994). Walsh, Kraussand Regnier(1981) usedsketchedmapsasa
dependenmeasurgo examinewhetherthe elderly would rely more on streetsor
structurego describetheir neighborhoodThe authorsobservedhatmostparticipants
begantheir mapswith somesort of streetgrid and thenfilled in the patternwith

landmarks and a few more streets.

Along the sameline of reasoningmapscollectedin Experiment#1 were
analyzedirst basedon their contentandon their structure We focusedon the amount
of information present,ncluding landmarksandroads.Errors of localizationwere
alsoconsideredBecauseall participantsknew the park (a questionnaireconfirmed
this), we did not expecteddifferencesin the numberof items drawn. Nevertheless
expertswereassumedo makelesserrorsof localizationthannon-expertsgueto their

ability to manipulate spatial information.

Gendemwasalsoconsideredut asanadditionalbetween-subjectactor.Only
the non-expertgroup was concernedbecauseof the great majority of menin
geomaticsWhenwomenhaveto produceroute directionsor maps,they usedmore
landmarkghanmen(McGuinessandSparks,1983; Miller andSantoni,1986; Galea
andKimura, 1993)but this differencehasnot alwaysbeenfound (Ward, Newcombe
andOverton,1993; Harrell, Bowly andHall-Hoffart, 2000).However,Lawton (1994,
1996)suggestedhatwomenmainly usea strategybasedon landmarkswvhile menuse
a strategybasedon geometricalproperties.So we could expectthat womenwould
draw more landmarksthan menand menmore routesthanwomen.Maps drawn by
menmight alsobe assumedo be moreaccuratewith fewer errors.Men might also

consider the exercise of drawing a map easier than women.

Moreover,becausehe park wasin the city, it was interestingto examine
whetheror not peoplelinked the park to the city in explicit ways (keepingin mind
thatthey wereaskedto draw a mapof the park). During the analysis,we considered
how the park andthe city werelinked andwhatkinds of links wereused: landmarks
or routes.Following Walsh,Kraussand Regnier(1981),we consideredoadsto be
elementghatstructurean environmentlf peopledrewall theroadsin the park (there



areonly six), onecanassumehatthey relied on the existing structure(evenif it is
weak).On the contrary,if roadswerenot mentionedpeoplewould needto structure

the environment based on another kind of element.

The secondconcernwas on the constructionof the maps. Each drawn
information item was assigneda serial number. So we could reconstructthe
chronologyof the maps.As was shownin previousstudies,we expectedo find a
hierarchical organizationof the drawn maps. The spatial proximity, size and
functional aspectsshouldbe found to influencethe structure.Researclcomparing
expertsandnon-expertsn differentdomains(chessby Groot, 1966 or basketbalby
Spilich, Vesonder,Chiesi and Voss, 1979) had generallyattributedthe memory
superiorityof expertsto a betterorganizatiorof informationin their baseknowledge.
So the structuringof informationin the experts@apsshoulddiffer from the maps
drawnby the non-expertsMoreover,we alsocould expectdifferencesn organization
betweenmen and women. Becauseof their use of strategybasedon geometric
propertiesmenshouldconstructtheir mapsfollowing criterialike spatialproximity.
Womenshouldconstructmapsaccordingto criteria more relatedto landmarkslike
functional or physical aspects.

2.1 Procedure

A) Participants

Two groupsof individuals participatedin the experiment:9 experts(8 menand
onewomanconsidere@assuchbecaus¢heyweregraduatestudentsn geomaticsand
27 persons(13 men and 14 women) non-expertin manipulatingmaps. These
individualswererecruitedby a firm specializedn polling. Participantsverepaidfor
their participation.The criterion for selectionwas the estimatedknowledgeof the
park for eachindividual: the minimal level of requestedknowledgewasaboutthree
on afive point scale.The ageof expertparticipantsvariedbetween25 and47 years
old and between 21 and 50 for the non-experts.

B) Material
White sheetsof paper,legal size were given to participantsto draw the maps.
Non-expert participants were filmed during their drawing.



C) Method

Participantsvere askedto draw a map of the principal parkin QuebecCity: the
Plainsof Abraham.The mapwasintendedsothata persorwho did not know the park
could find the necessarynformationto move aboutin the park andfind points of
interest.For technicalreasonshon-expertparticipantswere the only onesto be
filmed. Only their handsand the paperwere recorded.Oncethe map was drawn,
participantswere askedto completea questionnairefocusing on a posteriori
judgements of their maps, and on the activities and uses of the park.

2.2 Results

Theanalysisof resultsis dividedin threeparts.Thefirst partconcerngheanalysis
of informationprovidedon the maps.The secondoartconcernslescriptiveanalysisof
data from the questionnaireand finally the last part presentsanalysisof the
construction of the maps.

Two between-subjectiactorswere consideredexpertise(experts/non-experts)

and gender for the non-expert group.

A) Analysis of the information drawn on the maps

On eachmap, we countedthe numberof landmarks,the numberof road
segmentsandthe numberof roadintersectionsThe sum of thesegaveus the total
numberof informationitems presenton the maps.We also consideredwo typesof
errors:local errorscorrespondingo errorsin localizationof featuresn a specificarea
andglobalerrorscorrespondetb errorsof localizationwhencomparingfeaturesrom
oneareato another Hencethe dependenmeasuresor the analysesvere:the number
of landmarks,the numberof road segmentsthe numberof intersectionsthe total
numberof informationitems, the numberof local errorsand the numberof global

errors.

Datafrom the analysisof the mapsfrom the two groupsare presentedn the
Tables 1 and 2.



Mean SD Minimum Maximum

Nb of
landmarks 20,44 9,77 12 39
Nb of segment 17,67 8,76 13 40
Nb of
intersections 13,89 7,37 6 32
Nb total 52 23,86 29 111
Local errors 2,11 1,36 0 4
Global errors 0,11 0,33 0 1
Table 1. Data from the expert group
Mean SD Minimum Maximum
Nb of
landmarks 13,22 7,16 1 32
Nb of segment 7,41 5,53 0 20
Nb of
intersections 4,78 4,2 0 16
Nb total 25,41 14,96 5 59
Local errors 1,96 1,43 0 6
Global errors 0,81 0,96 0 3

Table 2. Data from the non-expert group

For bothgroups,a greatvariability in the richnessof the mapscanbe noticed.
Forthe expertgroup,the numberof informationitemsvariedbetweer29 and111and
betweens and59 for the non-experigroup. For both groups,local errorswere more

numerous than global ones.

We conductecan ANOVA teston the differentdependentneasuresvith the
expertise as the between-subjects factor.

Regardlessof the type of information concerned,the expertsdrew more
information than the non-experts. The expertise had a significant effect on :

- the number of landmarks (F(1,34)=5.7 ; p=0.02)

- the number of road segments (F(1,34)=17.12 ; p=0.0002)

- the number of intersections (F(1,34)=21.32 ; p=5.39.10

- the total number of information items (F(1,34)=15.64 ; p=0.0003)



While no differencewasobservedetweerthetwo groupsfor thelocal errors,thenon
experts made more global errors than the experts (F(1,34)=4.55 ; p=0.04).

An analysisof variancewas also conductedon the non-expertgroup to
evaluatethe effect of genderon the different dependentwariables.No difference

between men and women was observed.

In the questionnaireparticipantswere askedto indicatewhetheror not they
hadalreadyseena mapof the park.Becauséavingseena mapof the parkcouldhave
affectedtheir drawing, we consideredhis as a between-subjecttactor. As all the
expertsexceptone hadseena map of the park, only datafrom the non-expertgroup
were examined.Analysis showedthat having seena map of the park had only an
effecton the numberof landmarkgF(1,23)=4.74 p=0.03).The thirteenparticipants
who hadseena mapdrewon averag€l6 landmarkgSD=7.88)while the othersdrew
on average only 10.5 landmarks (SD=5.45).

The expertsdrawmoreinformation,including bothlandmarksandroads,than
did non-expertsWhenexpertswere comparedo non-experton memorytasks,the
former always showeda better performance. Some authorshave attributed this
differenceto a betterorganizationof informationin their knowledgebase.Our two
groupshadsimilar levels of knowledgeof the park and of frequencyin visiting the
park. We can therefore suggestthat the ability of the expertsto use spatial
information, their ability to readand usemaps,helpedthemto betterorganizethe
information.A goodorganizatiorallowedthemto constructhe mapmoreefficiently.
The greateruseof roadsby the expertscould alsobe usedto highlight the ideathat
their knowledge was better structured than that of the non-experts.

The park is within QuebecCity. Participantsaddedto their mapssome
informationrelatedto the city aroundthe park. We examinedhow this information
was distributed on both environments, which proportion of information items could be
relatedto the city. Two categoriesof information were considered:information
concerningthe park and information concerningthe city. Thesewere further
subdividedinto two additional categoriesinformation concerninglandmarksand

informationconcerningroutes.Hencefour categoriesvere consideredlandmarksn



the park,landmarkdn thecity, routesin the parkandroutesin the city. We wantedto
examinehow informationwasdistributedamongthesecategoriesndalsoto examine
whetherthedistributionof this informationwould be differentor notwhencomparing

experts and non-experts.

We collatedthe occurrence®f informationitemsin eachcategoryfor all the

participants. The following distributions were obtained:

Park City Park Roads City Roads
Landmarks Landmarks
Experts 41,03 9,68 28,49 20,80
Non Experts 59,13 7,22 20,34 13,31
Total 51,88 8,21 23,60 16,31

Table 3. Repartition of the information (%)

In Table3, it canbe noticedthatthe proportionof roadswasmoreimportant
in theinformationgivenby the expertsthanthe non-expertdut a Chi-Squareanalysis
did not show significant difference betweenthe two distributions.However, by
combininglandmarksn the park with landmarksn the city on the onehandandthe
roadsin the parkwith thosein the city on the other,we observedhatthe landmarks
constitute50.71%of the informationitemsfor the expertsand 66.35%for the non
expertswhile theroutesrepresent9.29%of theinformationgivenby the expertsand
33.65% for the non experts. The distribution of drawn information is hence
significantly different in both groups (Chi-Squaresignificant at 0.05). Several
explanationganbe suggestedor this. Expertscould give moreimportanceto roads
thannon-expertor expertscould betterrememberoadsthan non-expertsit could
alsoillustratethat the experts®@nowledgewas mainly structuredon routeswhile the
knowledge of non-experts is based primarily on landmarks.

B) Analysis of the data from the questionnaire
In the questionnaireparticipants@esponsesonsistedof a rating on a scale
(from 1 to 5). We usedthesescoresasdependentneasureso conductthe analyses
presented below. Questions concerned:
- confidence in the content of the maps (scale 1-5)

- confidence in the location of elements on the map (scale 1-5)
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- ease of drawing the map (scale 1-5)

- evaluation of knowledge of the park (scale 1-5)
- evaluation of sense of direction (scale 1-9)

- duration of frequentation of the park (in years)

- frequencies of using the park during summer and winter

Forthis lastquestionfive solutionswereproposedmorethanoncein aweek,
oncein a week,twice a month,oncea monthandlessthan oncea month.Eachof
theseresponsesvasrespectivelyassociatedo a numericalvaluefrom 5 to 1. These
numerical values were used for the analysis.Tables4 and 5 presenteddata
respectively concerning the expert group and the non-expert group.

Mean SD Minimum Maximum
Content 4,11 1 3 5
Position 3,67 0,87 2 5
Ease 3,78 0,97 2 5
Knowledge 3,56 0,73 3 5
Orientation 7,78 1,51 6 9
Duration 17,28 15,7 2 43
Freq. Winter 1/ month / -1/month +1/week
Freq. Summer 2/month / -1/month +1/week

Table 4. Average values for expert responses

Mean SD Minimum Maximum
Content 3,48 0,89 2 5
Position 3,63 0,84 2 5
Ease 3,11 0,89 2 5
Knowledge 3,26 0,71 2 5
Orientation 7,19 1,88 1 9
Duration 15,7 9,95 1 40
Freq. Winter 1/ month / -1/month +1/week
Freq. Summer 1/week / -1/month +1/week

Table 5. Average values for non-expert responses

We conductedanalysisof varianceon scoresasdependenieasuresvith the
expertiseas a between-subjectiactor. Analysesdid not showany differencein the
response®f the two groups.Only the confidencein the contentof the map is
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significantly more importantfor the expertsthan the non experts(F(1,34)=3.85;

p=0.05).Drawinga mapseemedo be easierfor the expertsthanthe non-expertsThe
knowledgeof the park for both groupswas evaluatedas equivalent.The additional
amountof information given by the expertsdid not seemto be linked to a better
knowledge.The evaluationof the senseof directiongavesimilar averageatesbutthe
distribution of the rateswas smallerfor the expertgroup. The frequentationof the
park wasequivalentfor both groups.A largedistributionof the useof the park was

related to the large distribution in participantsO ages.

We alsoexaminedhe eventuakffectof genderon theresponsesf non-expert
participantsThe analysisof variancewith genderasa between-subject&ctoron the
differentscoregevealedo significantdifferencebetweermenandwomen.Contrary
to theresultreportedby Harrell et al. (2000), mendid not expressmore confidence

about their maps than women.

The analysisof datafrom the questionnaireshowedthatthe two groupscould
be consideredasequivalentor the self-evaluatedknowledge the durationof use,and
the frequencyof visiting the park. Given the evaluationson confidenceandon ease
provided,we canassumehatdrawinga mapof the parkappearedo be lessdifficult

than expected for the non-experts.

C) Analysis of the global progression in the construction of the maps

To analyzethe constructionof the maps,we examinedhe global progression
of the constructionthatis the directionin which the drawingsdevelopedandthe
chronologyof the drawn information. For theseanalysesgachinformation item
drawn was identified and markedchronologicallyby the experimenteiin orderto
reconstruct the elaboration of the map (whether drawings were filmed or not).

Expertslike non-expertaisedoneto five sheetof paperto drawthe map.34
of the 36 participantsorientedtheir sheetshorizontally.We examinedhe orientation
of the map in relation to real cardinal directions (whetherthey were correctly
indicatedor not). We focusedon the orientationobservedandthe resultingdirection
of north (andnot on how peopleindicatednorthon themap).Table6 presentshetwo

orientationsobservedrom the expertsandthe non-expertsThe mapsweredrawnso
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thateithernorth correspondetb the top of the sheetor thatnorth correspondetb the
bottom of the sheet.

North at the top North at the bottom
Experts 8 1
Non experts 5 22

Table 6. Orientation of the maps

The orientationof the mapwas significantly different for both groups(Chi-
squaresignificantat 0.01). Severalpoints mustbe takeninto account.The experts
oriented spontaneouslyheir mapsto place north at the top, hencerespectinga
classicalrule in cartographyThe orientationof the mapsdrawnby the non-experts
was suchthat north was at the bottom. We observedthat non-expertdegantheir
mapsat the bottom.However,the main accesseto enterin the parkareon the north
sideof the park, thatis, oneentersthe park by moving from northto south.We can
supposehatfor mostof the non-expertsthe drawingswere constructedn the sense
of the displacementss one entersthe park. This would suggestthat non-experts
adoptedarouteperspectivdor drawingthe mapof the park, atleastin the beginning,

reproducing the environment as they apprehended it when entering the park.

Moreover,8 of the 9 expertsand 18 of the 27 non-expertsonstructedheir
mapsfrom theleft to theright (regardles®f the orientationof the map:north at the
top or the bottom). This directioncorrespondso the that determinedyy readingand

writing.

We suggesthereforethat the onefunctionalfeatureof the park, namelythe
location of the entrance guidedthe constructionof the mapsby the non experts,
determiningthe overall orientationof the map.Taylor and Tversky(1992a)observed
thatwhentherewasa mainentrancean the environmento bedrawn,theentrancevas

chosen to begin the map.
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D) Analysis of the chronology in the construction of the maps
This sectionis divided in two parts:oneconcerninggeneralobservationsand

one concerning the chronology of landmarks.

General observations

Becauseof the greatvariability in the amountof information provided,we
considerednly thetwentyfirst drawninformationitemsandamongthese only those
given by atleast50% of the participantsA rank number,correspondindo the order
of drawing,wasgivento eachinformationitem. Fromtheserank numbersa median

rank was calculated.

Somedifferencesbetweenthe two groupsappearedln the expertgroup,we
noticedthatinformationitemswith medianrankinferior to 10 wereall locatedin the
areaat the westextremityof the park.Neverthelesspo trendreally emergedrom the
dataof the non-expertgroup.From the medianrank calculated no informationitem

seemed to be drawn repeatedly among the first five elements.

Moreover,we observedhatthe drawingof roadsegmentsat leastsomeof the
time, cameearly in the constructionof the expertmaps.In particular,the street
GrandeAllZe (the streetwhich runs alongsidethe park, which is a kind of limit
betweenthe city andthe park) hasa medianrank of 1. All expertparticipantsexcept
one begantheir map with this street.For the non-expertgroup, the momentfor
drawingthis streetvarieda lot amongthe participants Eight streetsappearecamong
thefirst drawninformationitemsgivenby the expertswhile only oneappeared@mong
thosedrawnby the non-expertsMoreover,for the expertgroup,the medianranksof
the roadswere generallylower than thoseof landmarks.The medianrank of the
streetswas 6.5 (betweenl and 9) andthe medianrank of the landmarkswas 11.5
(between3 and 18). On the expertmaps,roadsseemto be drawnbeforelandmarks.
Experts appear to proceed in this way to structure the space.

These observations correspond to results shown previously. The routes seemed

to havea specific statusin the experts@aps.We suggesthat routesare usedas

structuringelementsof the environmentExpertsrely moreon theseelementsThey
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appearto havea morestructuredepresentationf the park. They seemedo locate,at
least at the beginning, landmarks in relation to previously drawn routes.

We noticedthatdrawinga landmarkor a roadat a specificplaceinducesthe
drawingof neighboringelementga kind of cuedrecall). At the endof the drawing,
participantsObrowsedtheir mapfrom oneextremityto the otherin orderto complete
it with other information. They simulate actual displacements within the park. The last
items on the map are often drawnin a randomway. Somepeoplehowever,recall
informationvia associationsThe observedassociationgoncernedlifferentkinds of
objectslike restroomswater dispensersyiewpointsand parkinglots. For example,
for a parkinglot drawn,the otherparkinglots in the park werethencheckedandthe

map was completed if one or more were missed.

Analysis of the chronology of landmarks

Again becaus®f the greatvariability in the amountof informationfurnished,
we focusedon landmarksgiven by at leasthalf of the participants.But contraryto
what was done previously, we did not restrict our interestto the first twenty

information items, as only ten landmarks were present in all reproductions.

We wantedto examineif a hierarchicalorganizationof landmarkscould be
found andwhat kind of factorsmight determinethis hierarchy.We proceededike
Taylor and Tversky (1992) by conductingcluster analyseson the 10 remaining

landmarks drawn on the maps.

Foreachmap,we calculatedherecallintervalfor everypairwisecombination
of landmarksthatis the numberof landmarksrecalledbetweenthe two itemsin the
pair. The interval was not spatialbut temporal.For eachrecall order, the median
recall interval for eachpair of landmarkswas calculatedand representedn a half
matrix. We usedthis matrix to computeclusteranalysisfor the expertsandfor the
non-experts. Figures 1 and 2 show clustering of landmarks for both groups.
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Figure 1. Clustering of landmarks for the experts

In the clusteranalysisfor the experts,two groupsemerged.The first group
includesthe museumthe Grey Terrace the jogging pathandthe garden.The second
groupincludesthe Citadel,the tower,the LoewsHotel andthe bandstandLandmarks
from the first groupwere mostly in the westandlandmarksfrom the secondgroup
werelocatedmorein the eastof the park. Finally, the lasttwo landmarkswereat the
easterrimit of the park. Sothis analysisconfirmedthe progressiorfrom westto east
and showedthat the elaborationof expert mapswas basedmainly on spatial

proximity.
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Figure 2. Clustering of landmarks for the non-experts

As shownin Figure 2, we observeda different clusteringof landmarksfor the non-

experts.Two groupsalsoemerged.The first group includedthe Citadel, the Grey

TerracetheLoewsHotel andthejogging path.Thejogging pathis atthe westernend
of the park. The Loews Hotel is in the city, on a borderof the park, approximately
equidistanfrom the westernandeasterrextremities.The Grey Terraceis in the west
of the park,southof thejogging pathandthe Citadelis at the easterrextremity.These
itemsareall locatedon the bordersof the park. Their positionsprovidea frame-like
rectanglebut openon the south.Oncetheseelementsveredrawn,the rectanglewas
filled in. The secondgroup concernedtemsinside the park. So the elaborationof

mapsof the non-expertavas not structuredin the sameway asthat of the experts.
Itemsat the bordersseemedo be drawnfirst andthenafilling in proceededo occur.
Spatial proximity was not used as a recurrent rule.
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Figure 3. Clustering of landmarks for non-expert men
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The sameanalysiswasconductedo differentiatethe structureof mapsdrawnby men
andthosedrawnby women.Figures3 and4 showedthe clusteringfor eachof these
groups.

Contraryto what we expectedwe did not find a clear structuringprinciple for the
men.Thedifferentsubgroupobservedlid not seemto be basedon spatialproximity
or another factor like functional or physical aspect.
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Figure 4. Clustering of landmarks for non-expert women

Howeverthe structureobservedfor the non-expertgroup as a whole was
reproducecherefor the women.They draw first information on the bordersof the
parkandthenproceededo fill in themap.Thefour elementson theright of Figure4,
the jogging path, the Citadel,the Governors®romenadeandthe Governors®iosk
areall onthe bordersof the park. Thefirst of theseis at the westernextremity of the
park andthe threeothersare at the easterrextremity. The womenseemedo fix the
eastermmndwesternlimits of the parkat the beginningandthenfill in betweerthese.
Surprisingly,the localizationof landmarksby womenseemedo be more structured

than what we observed for men.
Theseresults showedthat at least for the ten landmarksconsidered the

chronologyof their drawingsdiffered betweenexpertsand non-expertsand between

men and women.
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While expertsseemto rely more on spatialproximity to draw the landmarks,
non-expertseemto rely on a functionalbut alsoon a spatialpropertyof landmarks.
Becausdandmarkswerelocatedon the borders they becameéunctionally significant
to enclosethe spaceof the park. This functional aspectwas also observedfor the
women. We expectedthat men would show a more structuredrepresentation,
especiallyconcerningthe spatial properties.The clusteringof only ten landmarks
could haveinhibited the observatiorof regularityin the constructionsarriedout by

men, however.

2.3 General Discussion of Experiment #1

Two points will be discussedthe contentof the drawn mapsand their

structure.

The first observationconcernsthe great variability in the amount of
informationgivenby the participantsjn spiteof anequivalentvisitationfrequencyfor
the park. Aside from the intrinsic inter-individual variability, we suggestthat the
environment itself and its specific use contribute to the variability of the content of the
maps.Indeed,mostparticipantsenterthe parkjust to takea walk (asreportedin the
questionnaire)They mainly adopta Ofreeexploration@nodeof displacementvithin
the park. Their walks are not directedto specificgoalsor landmarks Evenif people
know the different buildings, monumentsandroutesin the park, they neednot pay
much attentionto themandto their locationbecauseéheir displacemenbehavioris
not goal-directed While actually in the park, they will of courserecognizethese
featuresbut they may not be recalled so easily when drawing the park. The
differencesfound betweenexpertsand non-expertscould also be relatedto these
suggestionsExpertsmight pay more attentionto the spatialinformation in their
environmentthan do the non-experts As has beensuggestedor memory tasks
comparingexpertsand non-expertstheir knowledgemight be betterorganized.So
they canretrievemoreinformationthanthe non-expertsThe expertiseprovidestools
to structure the knowledge needed to elaborate a complete representation.

Our resultsprovide additional supportfor the hierarchicalorganizationof

spatialinformation.First, we found that the representatiomf the parkin the expert
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mapswasstructuredaccordingto the roads(in boththe city andthe park). The roads
provideda sort of grid with respectto which landmarkscould thenbe located.The
localizationof landmarkswas mainly basedon spatialproximity from westto east.
The patternwas different for the non-experts.They relied less on roads. The
constructionof their mapssuggestedhat peopleplacedthe limits of the parkfirst and
thenfilled in the spacesbetweentheselimits. Their representationseemedess
structuredthanthoseof the experts,evenif this strategycould, in principle, be as

efficient.

The landmarkson the bordersof the park had a specific functionality
conferredby their specific location. We suggestthat the characteristicof the
environmentould alsohaveaffectedthe structuringof this information.Considering
the mapsof the non-expertsjt seemsthat their representationsf the park were
mainly basedon landmarks.Moreover,evenif peoplehadknown the relationships
betweenlandmarks,theseare difficult to draw at best. Giving the natureof the
environmenttherelationsbetweenandmarkscanbe expressedby usingroads,paths
or shortcutsacrosghe lawn. Moreoveralmostall participantssaidthatthey movedin
the park usingboth roadsandshortcutg(datafrom the questionnaire)Peopleshould
move in the park by recognizingplaces.Becausethere was no constrainton the
displacementswe can assumethat knowing the localization of the roadswas not
necessaryo the efficiency of the displacementsAnotheraspects that thereis no
chanceo getlostin the park. Fromany pointin the park, eitherthe city or theriver is

visible. So it is always possible to get out of the park.

Moreoverthe expertisehad also an effect on the orientationof the expert
maps.They followed the cartographiaule that consistsin placingnorth at the top.
They also seemedio demonstratanore easein adoptinga survey perspectiveto
externalizetheir knowledge.On the other hand,the orientationof the mapsof the
non-expertsuggestedhat the non-expertslid not adopta strict surveyperspective
but mixed surveyandroute perspectivesTaylor and Tversky (1992a,1996) already
observedhat peopleoften mix perspectivesvhenthey haveto producedescriptions
of environmentsln the drawings,somelandmarksweredrawnin a birdOsye view
and otherswere drawn using a perspectiverepresentation{as if the drawerwas
standingin front of them).Representindandmarksn perspectiveeould alsoexpress
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anattemptto give amorerealisticandhencea morehelpful representationil he useof
arouteperspectivevasalsoevidencedoy the orientationof the maps.The direction
of the drawingsof the non-expertsorrespondedo the way one entersthe park. As
observedoy Taylor and Tversky (1996),the perspectiveadoptedwasinfluencedby

the structure of the environment.

In addition to revealinga route perspectivethe direction of the drawings
might alsorevealan environmentakeferencesystem.Wernerand Schmidt(1999)
showedthat accessibilityof spatialknowledgewas orientation-specifiand strongly
dependenbn characteristicef the environmentWhenimaginingthemselvesligned
with the streetsat anintersectionparticipantsansweredasterandweremoreaccurate
retrieving namesof locationsin different directions than when they imagined
themselveanisalignedwith the streets.The authorsinterpretedthis finding as a
consequencef the spatialreferencedirectionsemployedto mentally representhe
navigableenvironmentCertaindirections,in their casethe directionsalignedwith the

streets at an intersection, serve as reference directions in spatial memory.

In theoriesof theacquisitionof spatialknowledgejt is expectedhatlandmark
knowledge servesto elaborateroute knowledgethat could evolve into survey
knowledge(SiegelandWhite, 1975). The representationsf the non-expertseemed
to be basedmainly on landmarks.So our datadid not illustrate this progression.
Previousresearchhas shownthat this progressioncould dependon the needsand
goalsof the people(Moeser,Gauvain).We suggestedhatbecausef the natureif the
environmentandconsequentlyhe needsandgoalsof the non-expertsisingthe park,
theydid not developeithera completerouteknowledgeor a surveyknowledgeof the
park.Our dataillustrate,indeed,how context-specificproblem-specifi@andpersonal

are spatial mental representations of an environment.

3) Experiment #2: Evaluation of the drawn maps

Theaimsof this experimentwereto collectevaluation®of thedrawnmapsand
to investigataf metacognitiveknowledgeof what constitutesa goodmapexists.The
procedurevassimilar to thatusedDenisetal. (1999),althoughthe latterworkedwith
verbalroute descriptiongatherthan drawn maps.Participantsvere askedto give a

21



global scoreto mapsandto answera questionnairddescribedoelow). Becausehis
taskwasvery demandingwe selecteda subsetof 25 mapsfrom the 36 collectedin
Experiment#l. In the presentexperimentwe also studiedthe effect of expertisein
geomaticsWe know that cartographerkiavesomerulesor criteriato producemaps
and oncethe rules are followed, the quality of the map producedis assuredWe

wanted to examine differences in evaluation judgements according to expertise.

From the literature in graphic semiology (Bertin,) and cartography,we
selectedcriteria that seemedo be the mostimportantto experts.Two classesof
criteria were consideredcriteria concerningthe physicalqualities of the map and
criteria concerningthe functional qualities. The criteria relating to the physical
gualitiesthemselvedivide up into physicalqualitiesof the drawn objectsandinto
physicalqualitiesof the map. For the drawn objects,we consideredhe following
elements : the quantity of information, respect for the proportions between objects, the
relativepositionsof objects,andthe ability to identify objectsquickly andsimply. For
the map,we considered the homogeneityof the scaleandthe aesthetiqqualitiesof
theresultingmap. The functionalqualitiesare subdividedinto factorsconcerninghe
processingf the mapandfactorsconcerninghe useof the map.On the onehandthe
easeof reading,the localization of objectsand the fact that the map supplies
recognizableslementsnere consideredOn the otherhand,we askedfor a rating on
the extentto which the map allows one to locate oneself,to choosea goal and to
choose a route. The description of these criteria is given in Table 7.

Physical Qualities \ Functional Qualities \
Objects Map Processing Use
Proportions Quantity of Ease of reading | To locate oneself
between objects information
Relative position | Homogeneity of | Localization of an Choose a goal
scale object
Identification Aesthetic qualities Recognition Choose a route

Table 7. Description of the evaluation criteria

Two experimentabroceduresvere used.The first concernedhe judgesand
their differences. In the second one, we focused on the relations between the criteria.
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If metacognitiveknowledgeof what constitutesa good map exits, we could
expectthat evaluationby the judgeswould not differ asa function of their training,
their familiarity with the environmentor their gender.A global scorefor one map
should be equivalentregardlessof the kind of judge. If, on the other hand,such
knowledgedoesnot exist, we can proposedifferent hypothesesaccordingto the
differenceshetweenhe judges.Becauseexpertsusecartographiaulesrelatedto the
chosercriteria,we canassumehatthey shouldgive moreimportanceto thesecriteria
thanthe non-experjudgesandmight be harsheiin their evaluation We expectedhat
global scoresgiven by the expertswould be lower than thosegiven by the non-
experts.We also expectedthat the weight of the different criteria would vary
according to the expertise.

Concerningthe potentialdifferencesbetweenmenandwomen,datafrom the
literaturesuggesthatwomenrely mainly on landmarkswvhenthey haveto processa
spacg(in arealenvironmenr onamap).Soit would seemlikely thatwomenwould
be moredemandindor criteriarelatedto the physicalpropertiesof objects,especially
their identification.

Moreover,not knowing the park could makethe judgesmore demandingor
the respeciwof differentcriteria, so they might be expectedo give lower evaluations
thanjudgesfamiliar with the park. Neverthelesson criteria concerningthe accuracy
of localizationsand object recognition, the non-familiar judges could be more
indulgentthan familiar judgesbecausethey do not have any knowledgeof the

environment.

In the secondpart of the experiment,we focusedon the relationsbetween
criteria. We examinedhefollowing questionsare somecriteriamoreimportantthan
the others,thatis do they havemore weightin the evaluationof the maps?Which
criteria can bestexplain the given scores?Do thesecriteria sharedimensionsin

common?

3.1 Procedure
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A) Participants

Twelve persongarticipatedn this experimentThreefactorswereconsidered:
their gender,their expertisein geomaticsand their familiarity with the studied
environmentithe Plainsof AbrahamPark. Participantswere consideredas familiar
whenthey visited the park at leastonce a week and non-familiar when they have
nevervisitedit or havedonesojust once.Participantsveredistributedthroughthese
different categories as is showed in Table 8:

Men Women
Familiar Non Familiar Familiar Non Familiar
Experts 1 1 1 1
Non Experts 2 2 2 2

Table 8. Distribution of the participants

B) Material
A subsetof 25 of the mapscollectedduring Experiment#1 wereused.These
mapsweredrawnby expertsan geomaticg9) andby nonexperts(16). The mapswere

presented on Legal sized sheets. They were all numbered. Their origin was not given.

C) Procedure

The task of the twelve participantsconsistedin evaluatingdrawn mapsby
giving themfirst a global scoreon a scaleof 7 points. The scorel wasgivenfor a
map consideredas poor, giving insufficientinformation or a map giving too much
informationto beefficient. A scoreof 7 wasgivento anappropriatenapallowing the
receiverto constructeasilya goodrepresentationf the park, to navigateefficiently
andto find easilythe placesthe receiverwantsto visit. The judgeswerenotinformed
aboutthe drawers@evel of expertise After the global evaluation,participantswere
askedto respondto 12 questionsrelatedto the qualitiesof the evaluatedmap (cf.
Appendix1). Theanswersvereto begivenon a 7-pointscale Henceparticipantshad
to give aglobalscoreand12 scoregasresponseto the questionsfor eachof the 25

maps.

3.2 Results
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The factors consideredin the analysesconcerningthe judgeswere their
expertisetheir genderandtheir familiarity. The dependenvariableswerethe global
scoreand the scoresgiven to eachcriterion. Thesedependentariableswere all

provided on a 7-point scale.

Theanalysisof resultsis organizedn four parts.Thefirst sectionconcernghe
analyse®f varianceconductedo evaluatethe effectof the differentfactorson all the
dependentariablesjncludingthe globalscoresandthe scoredor individual criteria.

In the secondsection,we presentanalysesconcerningthe criteria, the relations
betweenthe different criteria and their relative weightsin the evaluation.The third
sectionfocuseson the effectof the differencesn expertiseof the peoplewho did the
drawings,on the evaluationby the judges.Finally, we describean thelastsection the
OprofileO of the maps evaluated as the best and the maps evaluated as the poorest.

To facilitate the reading of the results, here is the list of the criteria:
- criterion 1, cl : the quantity of information
- criterion 2, c2 : the respect of proportions between objects
- criterion 3, c3 : the relative position of objects
- criterion 4, c4 : the simple and fast identification of objects
- criterion 5, ¢5 : the homogeneity of the scale
- criterion 6, c6 : the aesthetic qualities
- criterion 7, c7 : the reading of the map
- criterion 8, c8 : the localization of objects
- criterion 9, c9 : if the map allows self positioning
- criterion 10, c10 : if the map allows to choose a goal
- criterion 11, c11 : if the map allows to choose a route
- criterion 12, c12 : if the map provides recognition elements

A) Analyses of the global score
The scoreqglobalandfor individual criteria) on the mapswere processe@s

repeated measures.

A 2 (expertise)x 2 (gender)x 2 (familiarity) ANOVA wasconductedon the
global scoresgiven on maps consideredas repeatedmeasuresThe analysisof
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varianceshowedonly one effect of the maps(F(24,96)=10.18; p=3.3.10"). As
expectedthe global scoredependedn the map consideredNo effect was found
concerninggender familiarity or expertise Neverthelessmentendedto give global
scoreshigherthanwomen(3.89vs. 2.98), and expertstendedto give global scores
higherthannon-expert$3.59vs. 3.27). Therewasno differencebetweerfamiliar and

non-familiar judges.

Theseresultssuggestedhat the evaluationof the mapswas not affectedby
gendergexpertiseor familiarity. Thelack of differencecouldalsobedueto thelimited
numberof participantsNeverthelessthe numeroudntra-individualmeasureshould
havereducedhis effect. Giventhis precautionwe suggesthatthe evaluationof the
mapsseemedo usea commonbasewhateverthe expertiseor the familiarity with the

environment.

B) Analysis of the agreement between judges

To evaluateagreemenbetweenthe twelve judges,we calculateda matrix of
correlationsdescribingthe relationsbetweenthe global scoresgiven by the judges.
This matrix is presented in Table 9.

judges| 1 2 3 4 5 6 7 8 9 10 11 12
1 1

2 073 |1

3 0.69 | 058 |1

4 0.69 | 0.76 | 0.66 |1

5 0.65 | 052 | 046 | 049 |1

6 0.71 | 0.60 |0.53 | 056 |0.79 |1

7 059 | 053 (042 | 045 | 035 [ 032 |1

8 0.51 | 066 |0.36 |044 | 033 |048 |0.32 |1

9 047 | 052 (054 | 053 |0.66 |0.39 |029 024 |1

10 0.71 | 0.81 | 0.66 | 0.65 |0.51 | 059 |051 |[040 | 047 |1

11 0.55 | 054 | 051 | 052 |045 | 067 |038 [047 | 018 [ 043 |1

12 0.60 | 0.55 | 041 | 052 |0.60 | 042 |047 | 047 |0.65 | 053 | 038 |1

Table 9. Correlation matrix between scores given by the twelve judges

(Coefficients in bold are significant at 0.05)
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The matrix showsgoodagreemenbetweenudgesin the global scoresgiven.
To evaluatemore accuratelythis agreementwe calculatedintra-classcoefficients
(ICC(3,1)) for the different kinds of judges (cf. Table 10).

ICC
Twelve judges 51.3%
Experts 52.6 %
Non-Experts 48.9 %
Familiar 452 %
Non-Familiar 53.7 %
Men 54.8 %
Women 50.5 %

Table 10. Intra-classes coefficients for the different groups of judges

The correlationmatrix and the intra-classcoefficientssuggestagreemenbetween
judges independentof gender,familiarity or expertise.Theseresults can be
interpretedas revealingcommonknowledgeof what constitutesa good map and

suggest an implicit but shared grid of evaluation with common criteria.

C) Analysis of individual criteria
Analyses of scores given to criteria

A 2 (expertise)x 2 (gender)x 2 (familiarity) ANOVA was conducted
successivelyn scoresgivento the 12 criteria consideredasrepeatedneasureskor
eachof the 12 criteria, the analysisof varianceshowedonly an effect of the maps.
The score of each criterion depended on the map considered.

In addition to a map effect, the analysisshoweda significant interaction
betweengenderandmapon scoresgiven for criterion#12 (elementf recognition)
(F(24,96)=9.92 p=0.01).Men gavea higherscoreto this criterionthanwomenon all
maps (4.22 vs. 3.30).
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As was observedfor the global scores,scoresgiven to describethe
contributionof the different criteria did not seemto dependon expertise genderor
the familiarity of the judges.The limited numberof judgescould alsohaveprevented
such differencesfrom showing but theseresultswere consistentwith what were
observed with the global scores.

Analysis of relations between the 12 criteria

We wantedto examineif somecriteriahadmoreweightthanthe othersin the
globalevaluation.Theweightwasestimatedy the contributionof the criterionto the
globalscoreandnot on whatpeoplespecifiedthey did. This wasdeterminedisingan
analysis of stepwise regression on the global score.

The analysisproposeda model with eight of the twelve criteria, with a
R?=0.8455. The results are given in Table 11.

Summary of Stepwise Selection
Variable Number Partial Model
Step | Entered VarsIn| R-Square| R-Square C(p)| FValue| Pr>F
1| c9 : self positioning 1 0.6846 0.6846 295.164 646.71 <.0001|
2 | c1 : quantity of 2 0.0954 0.7799 118.420 128.72 <.0001|
information
3 |c12 : recognition 3 0.0309 0.8108 62.6014 48.26| <.0001
elements
4 | c8: locate an object 4 0.0128 0.8236 40.6218 21.40, <.0001
5| c6 : aesthetic 5 0.0075 0.8311 28.5049 13.11] 0.0003
qualities
6 | c3 : relative positior| 6 0.0085 0.8396 14.6004 15.50, 0.0001
7| cll : choose a rout 7 0.0040 0.8437 9.0108 7.56| 0.0063
8| c7 : reading 8 0.0018 0.8455 7.5793 3.45| 0.0643

Table 11. Results of the stepwise regression

The criteria removedfrom the model were the following: the respectof
proportionsbetweernobjects the identificationof objects,andthe homogeneityof the
scaleandto choosea goal. The resultsshowedthatthe varianceof global scoreswvas
mainly explained,at 81%, by three criteria: the fact that the map allows self-
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positioning,the quantityof informationandthefact thatthe mapprovideselementsof

recognition.

In orderto examineif the samemodelcould be foundin the differentgroups

of judges,we conductedstepwiseregressions$or the expertandnonexpertjudges for

menandwomenandfor familiar andnonfamiliar judges.Theresultsare presentedn

the following tables.

Summary of Stepwise Selection

Variable Variable Number Partial Model
Step | Entered Removed Vars In| R-Square| R-Square C(p)| F Value| Pr>F
1| cl: quantity of 1 0.7319 0.7319 139.567 267.49 <.0001|
information
2 | c9 : self positioning 2 0.0954 0.8273 57.7382 53.59 <.0001
3| c6 : aesthetic 3 0.0358 0.8630 28.3277 25.06| <.0001
qualities
4| c12 : recognition 4 0.0170 0.8801] 15.3517 13.50, 0.0004
elements
5| c8: locate an object 5 0.0101 0.8902 8.4658 8.66| 0.0041
6 | c2: respect of 6 0.0055 0.8957 5.6199 4.92| 0.0290
proportions
Table 12. Results of stepwise regression for experts
Summary of Stepwise Selection
Variable Variable Number Partial Model
Step | Entered Removed VarsIn| R-Square| R-Square C(p)| FValue| Pr>F
1| c9 : self positioning 1 0.6949 0.6949 153.769 450.89 <.0001|
2 | cl : quantity of 2 0.0795 0.7744 64.5890 69.46) <.0001
information
3| c12 : recognition 3 0.0302 0.8046 31.9964 30.27| <.0001
elements
4 | c8: locate an object 4 0.0125 0.8171 19.6133 13.38 0.0003
5|c11 : choose a rout 5 0.0065 0.8236 14.19564 7.12| 0.0083
6 | c3 : relative position 6 0.0047 0.8283 10.7687 5.32| 0.0221
7 | c6 : aesthetic 7 0.0041 0.8325 8.0423 4.73| 0.0309
qualities
8| ¢5 : homogeneity ol 8 0.0036 0.8361 5.8995 4.21| 0.0415

scale

Table 13. Results of stepwise regression for non-experts
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Summary of Stepwise Selection
Variable Variable Number Partial Model
Step | Entered Removed Vars In| R-Square| R-Square C(p)| F Value| Pr>F
1| c9 : self positioning 1 0.7184 0.7184 113.38§ 377.50 <.0001|
2| c1 : quantity of 2 0.0687 0.7871] 52.0937 47.45) <.0001
information
3| c12 : recognition 3 0.0316 0.8187 24.983( 25.45 <.0001
elements
4| cll: choose a route 4 0.0107 0.8294 17.1600 9.06| 0.0031
5| c3 : relative position 5 0.0065 0.8359 13.1793 5.70| 0.0183
6| c7 : reading 6 0.0062 0.8420 9.4928 5.59| 0.0194
7| c4 : identification 7 0.0034 0.8454 8.3988 3.09| 0.0812
Table 14. Results of stepwise regression for men
Summary of Stepwise Selection
Variable Variable Number Partial Model
Step | Entered Removed Vars In| R-Square| R-Square C(p)| F Value| Pr>F
1| c8: locate an object 1 0.6598 0.6598 181.995 287.05 <.0001|
2| c1 : quantity of 2 0.1098 0.7696 78.1244 70.06| <.0001
information
3| c3: relative position 3 0.0377 0.8073 43.7664 28.58 <.0001
4 | c6 : aesthetic qualitie 4 0.0303 0.8376 16.5316 27.08 <.0001
5| cl1: choose a route 5 0.0092 0.8469 9.6141 8.70| 0.0037
6| c4 : identification 6 0.0034 0.8503 8.3507 3.23| 0.0743
7| c9 : self positioning 7 0.0025 0.8528 7.9058 2.45| 0.1200
Table 15. Results of stepwise regression for women
Summary of Stepwise Selection
Variable Variable Number Partial Model
Step | Entered Removed Vars In| R-Square| R-Square C(p)| F Value| Pr>F
1|cl: quantity of 1 0.6643 0.6643 134.995 292.92 <.0001|
information
2 | c9 : self positioning 2 0.1152 0.7796 40.5278 76.85 <.0001
3|12 : recognition 3 0.0315 0.8110 16.1788 24.32 <.0001
elements
4 | c3 : relative position 4 0.0070 0.8180 12.3585 5.54| 0.0199
5| c6 : aesthetic qualities 0.0076 0.8256 7.9591 6.31| 0.0131
6 | c8: locate an object 6 0.0048 0.8304 5.9518 4.04| 0.0464

Table 16. Results of stepwise regression for familiar judges
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Summary of Stepwise Selection

Variable Variable Number Partial Model
Step | Entered Removed Vars In| R-Square| R-Square C(p)| F Value| Pr>F
1| c9 : self positioning 1 0.7386 0.7386 138.715 418.15 <.0001|
2| c12 : recognition 2 0.0710 0.8096 63.3384 54.86| <.0001
elements
3| c8: locate an object 0.0304 0.8400 32.2513 27.72) <.000]
4|cll: choose aroute 4 0.0120 0.8520 21.1725 11.77) 0.0008
5| c1 : quantity of 5 0.0094 0.8615 12.8944 9.81 0.0021
information
6| c7 : reading 6 0.0064 0.8679 7.9043 6.95/ 0.0093
7| c3 : relative position 7 0.0039 0.8718 5.6034 4.37| 0.0383

Table 17. Results of stepwise regression for non-familiar judges

The threeprevalentcriteriawere alsofound in the modelscalculatedfor the

different groupsof judgesexceptfor women.Scoresgiven by womenseemedo be

explainedmainly by the capacityto locatean object,the quantity of informationand

the relative position of objects,so criteria essentiallybasedon the propertiesof

objects.

The modelobtainedfor the expertsproposednly six criteria: the quantity of

information,the possibility of self-positioning the aesthetiqualities,the presencef

recognitionelementsthe possibility to locatean objectandthe proportionsbetween

objects.Contraryto whatwe expectedthe questionof scalewasnot directly involved

in their evaluationbut wasin the modelof non-expertsBut the proportionsbetween

objects are linked to the scale.

Whateverthe group consideredgriteria on physicalqualitiesand functional

gualities were equally representedn the models.Neverthelessamongthe three

prevalentcriteria, the most important one is the fact that the map allows self-

positioning.
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We cansuggesthat for the experts,a map shouldbe complete,allow self-
positioningandhaveaesthetiqualities.For the non-expertsa mapshouldallow self-

positioning, be complete and provide elements of recognition.

Analysis by principal components

Eventhoughwe knewthatthe criteriaarelinked to eachother,we alsowanted
to examinef thedifferentcriteriacouldberepresentetdy somecommondimensions.
To determinethis, an analysisby principal componentsvas conducted We also
consideredhe dispersionof the global scoresaccordingto the scoresgiven to the

criteria.

Theanalysisrevealedwo commonfactors,the varianceexpressedby thefirst
was6.86 andthe varianceexplainedby the secondwas1.45.Figure5 describeghis

analysis.
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Figure 5. Analysis by principal components

Two groupsof criteriaappeatin the Figure.Thefirst groupconcern<riteria:
8,9, 10,12, 1,5, 2,3 and 11. Among those, three subgroups are also observed:
- criteria 8 and 9 : localization of an object and self-positioning
- criteria 10 and 12 : to choose a goal and the presence of elements of recognition
- criteria5, 2 and 3 : scale,proportionsbetweenobjectsand relative position of

objects

Theremainingcriteriain thefirst grouparecriterial (the quantityof information)and
criteria 11 (to choose a route).

The secondgroup concernscriteria 4, 6 and 7: identification of objects,
aesthetic qualities and reading of the map.

The distribution of the different criteria suggestedhatfactor 1 appeardo be
linked to thefunctionality of the mapwhile factor2 appeargo belinked to the quality
of representationThis analysisis in agreemenwith the regressiomanalysis.The
guality of the mapis relatedto its functionalcharacteristicsThe evaluationof a map

was therefore carried out in relation to its fitness for use.

D) Analysis of “good” and “poor” maps

Three mapswere evaluatedas ObestCone drawn by an expert receiveda
averaggglobalscoreof 5.83,0nedrawnby anon-experteceiveds.58andonedrawn
by anexpertreceivedthe averaggylobal scoreof 5.00. Thesethreemapshadsimilar
profiles over the different individual criteria. The scoresfor the criteria varied
betweend and 6. Figure 6 presentgheseprofiles. The representatiowia lines was
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chosento give a more visual outline to the profiles. The lines do not represent

continuous variables, however.
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Figure 6. Profiles of the three best maps for the different criteria

Thethreemapsevaluatedasthe poorestwereall drawnby non-expertsThey
receivedthe following averageglobal scores:1.5,1.75and 1.83. When examining
their scoresacrosshe differentcriteria, we observedhattherewaslesshomogeneity
in their profiles (cf. Figure 7) thanwasfound amongthe mapsjudgedto be better,
especiallytrue for the maps3 and 8. For the majority of criteria, scoresvaried
betweenl and 3. But, the map8 receivedhigh scoresfor criteria4, 6 and7, thatis
identificationof objects,scaleandaesthetiqualities.lt seemghatthesecriteriawere
not sufficientto confera goodscoreto the whole map.The map 3 alsoreceivedan
average score about 5 for its aesthetic qualities.
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Figure 7. Profiles of the three worst maps across the different criteria

E) Analysis of the expertise of the drawers

Judgeswere not informed of the drawers@evel of geomaticsexpertise nor
thatthis factorhasbeentakeninto accountn the selectionof drawers Neverthelesst
was deemedinterestingto examineif the evaluationof mapsfrom drawerswith
geomaticsexpertisewould differ from the evaluationof mapsproducedby drawers

without geomatics expertise.

By consideringthe geomaticsexpertiseof drawersas a factor with two
modalities,we conductedan analysisof varianceto comparethe scoresbetweenthe

two types of maps.

The resultsshowthat mapsfrom geomaticsexpertsreceivedhigheraverage
scores than maps from non experts in the following cases:
the global score (4 vs. 3.2, F(1,284)=19.01 ; p=1.89.10
the quantity of information (4 vs. 2.6, F(1,284)=60.11 ; p=1.6%)10
- the respectof proportionsbetweenobjects (4.7 vs. 3.4, F(1,284)=40.16;
p=9.15.10")
- the relative position of objects (4.7 vs. 3.4, F(1,284)=40.16 ; p=9.1%.10
- the homogeneity of scale (4.2 vs. 2.8, F(1,284)=50.88 ; p=:1%.10
- the possibility to locate an object (3.8 vs. 3.1, F(1,284)=11.57 ; p=0.0007)
- the possibility of self-positioning (4.1 vs. 3.1, F(1,284)=24.93 ; p=1.0%.10
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- the possibility to choose a route (3.5 vs. 2.6, F(1,284)=21.53 ; p=5%3.10
However,therewasno significantdifferencebetweenthe two typesof mapsfor the
following criteria :

- the identification of the objects

- the aesthetic qualities

- the reading of the map

the possibility to choose a goal

the presence of elements of recognition

Thecriteriathatreceivedhigherscoresn expertmapsseemedo beall related
to the spatialpropertiesof themap.Soit appearghatwhatdifferentiatesamapdrawn
by an expertfrom a mapdrawnby a non-experts the spatialadequacyof the map.
Thisis of coursethefirst axiomto which a mapshouldrespondputtherealdifficulty
encounteredy the non-expertswas probablyto representaccuratelythe spatial
properties of the environment and the spatial relations between objects.

3.3 General Discussion of Experiment #2

The first aim of Experiment#2 was to investigateif knowledgeof what
constitutesa good map exists. Analysis of the global scoresshowedno difference
betweenthe evaluationsby the differentkind of judges.Moreover,theseresultsand
the different measuresf agreemensuggestthat judgesevaluatedthe mapsin a
similar way. Sothey probablysharedknowledgeof what constitutesa goodmap.As
was the casefor route directionsand becausemapsare also a commontool, it is
reasonablehat peoplewould have developedsuch knowledge.This knowledge
allows peopleto communicatenoreeasily,andto understananoreefficiently graphic

spatial information.

Thesecondaim of the experimentconcernedhe individual evaluationcriteria
that contributeto the global scoresWe proposedo thejudgestwelve criteriachosen
to describeadequatelythe physical and functional qualities of maps. Thesetwo
dimensionswere consideredaz priori to categorizethe criteria. Among the twelve

criteria, we did not hypothesize which would have more weight than the others.
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Concerningthe relationsbetweencriteria, regressionanalysesshowedthat
threecriteriaamongthetwelve seemedo havemoreweightthanthe othersduringthe
evaluation.Thesewere the fact that a map allows self-positioning,the quantity of
informationandthe presenceof appropriaterecognitionelementsThe first of these
concernsvhatwe calledthe processingf a map,the seconda physicalquality of the
mapandthe third the way the mapis used.The prevalenceof thesethreecriteriawas
observedin the different regressionmodelscalculated.The observeddifference
betweenthe regressionsnodelsof expertsand non-expertsuggestthat the experts
used fewer criteria than non-experts,maybethe more crucial ones.Differences
betweerregressiormodelsfor menandwomensuggest greaterattentionto objects
for womenthanfor men.In summary,a good map shouldallow self-positioning,

present elements of recognition and present a sufficient quantity of information.

The analysisby principal componentsvasconductedo determinaténow the
global scoresweredistributedaccordingto the scoresof the individual criteria. Two
factorswereidentified, onedescribingthe functionality of the mapandthe other,the
quality of representationl he distributionof the criteriabetweernthesetwo factorsdid
not strictly correspondo our a priori categorizationlndeed the functionalproperties
of amaparesorelatedto the physicalqualitiesthatit is difficult to dissociatehem.
However,the regressionanalysisand the analysisby principal componentsoth
suggestedhata mapis evaluatedasatool, thatis a mapis evaluatedaccordingto its
functional requirementsas a priority. The physicalqualitiesof a map servethese

functional requirements.

4) Experiment #3 : Construction of the skeletal map

The aim of Experiment#3 wasto constructa Oskeletal@apaswasdonefor
route directionsin Denis et al. (1999) and Fontaine(2000). The first stepwasto
constructa Omega-map@ontainingall information given by all participantsin
Experiment#1. This mega-mapvasgivento participantan Experiment#3 who were
askedo selectthe informationtheyjudgedthe mostimportant.In this experimentwe
did not considerthe expertisein geomaticsbut only genderandfamiliarity with the
park. This experimentJike the secondone, allowed us to investigateif a common
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metacognitiveknowledgeof whatis necessaryor amapcouldbedeterminedIf such
knowledgeexits, we could expectno differencebetweenfamiliar and non-familiar
participantslf suchknowledgedoesnot exist, however the differencescould appear
in severalways: in the total numberof selectednformationitemsor in the type of

selectedinformation. According to this view, men might be more selectivethan
womenandwomenwould keepmorelandmarkshanmen.Non-familiar participants
might be less selectivethan familiar becausethey could have some difficulty

evaluating the relative importance of one information item over another.

Also, the procedurehad to be adaptedto maps.Becauseof the lack of
accuracyof the drawn maps,we could only considerthe informationitemsas such
andlocatethemon the mega-mapasthey areto be foundin reality. The mega-map
was not hand-drawnbut producedon the computerfrom a geo-referencedatabase
andhencewas presentedvithout spatialerrors.So onceall informationitemswere
listed, we hadto locatethem accuratelyon the mega-mapFor someinformation
items,we usedexistingdatawhile for manyof them,we hadto measureheir exact
spatialcoordinateswith a GPS(Global PositioningSystem)receiver.The mapwas
then constructedusing the specializedsoftware Mapinfo2. The mega-mapthus
obtained, contained 114 information items, all geo-referenced.

The nextstepwasthe selectionof mostimportantinformationitems.If a map
containsa lot of information but is still legible, why should people eliminate
information? So we decidedto use a Oscalef necessityGn orderto encourage
participantsto avoid keepingall the information. A 1-5 point scalewasintroduced.
The scorel wasgivento informationthathadto be eliminatedand5 to information
that had to be kept. Becausethe map representsnot just a road but also an
environment,we also had to provide information concerningthe aim of the map.
Knowing thatinformation given on the map dependson the goal, participantswere
told that the map would be used by tourists, to allow people a safe visit in the park.

Another differencewith respectto route directionswas that participants

neededto seethe effect of the suppressiomf eachinformation item to really
understandts necessity So the selectionof informationcould only be doneusinga
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computer,anda projectionof the mapon a screen.The softwareMapinfo? allowed
each selected information item to be made visible or invisible on the map.

We consideredas between-subjectiactorsthe familiarity with the park and
the genderof the participantsIf metacognitiveknowledgeexists,we shouldobtain
similar selectionfrom familiar and non-familiar participantsand from men and

women. The expertise in geomatics was not considered in this experiment.

4.1 Procedure

A) Participants
16 menand 16 womenparticipated Half of eachgroupwasfamiliar with the
park and the other half non-familiar.

B) Material
Participantsreceiveda tablein which eachnumberednformationitem was

presented in rows and the five possible scores were presented as columns.

C) Procedure

Participantswere tested collectively. The experimenttook place in a
classroomParticipantacedtwo large screensOn one screenthe mega-mapvas
projectedand stayedprojectedall during the experimentOn the secondscreenfour
successiveenlargementsf the mega-mapwere projected. Each enlargement
representecn areaof the park. On eachenlargementpne by one the information
itemswere successivehhighlighted,shown,suppresse@nd re-shown.Participants
were askedto rate eachinformationitem on the five-point scale.The scorel was
givento informationthatshouldabsolutelybe eliminated,2 to informationthatshould
be eliminated,3 to information that could be kept or discardedndifferently, 4 to
informationthat shouldbe keptand5 to informationthat shouldabsolutelybe kept.

We proceeded in this way for all 114 information items. We used two screens to allow

participants to refer to the whole mega-map as many times as they wanted.

4.2 Results
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The principle of constructionof the Oskeletaltap was inspired by the
procedureusedby Deniset al. (1999), althoughfinding a suitableadaptionfor the
world of mapstook a certainlevel of effort. The skeletalmapshouldincorporatethe
informationnecessaryo supportgooduseof the map.It shouldallow anindividual
who doesnot know the park to move efficiently without gettinglost andto find all
elementghat he or shecould be interestedn. We choseto keepinformationitems
that had receiveda meanscorebetween4 and5 to constructthe skeletalmap (cf.

Figure 8).

Thefirst stepconsistedn comparingthe mega-mamndthe skeletalmapfrom

a quantitative point of view.

Fromthe 114 informationitemson the mega-maponly 55 were kepton the
skeletal map.

We examinedio which extentgenderandfamiliarity could haveaffectedthe
selectionsAn ANOVA 2 (gender)x 2 (familiarity) testwasconductedn the scores
givento eachinformationitem by all participantsas dependenmeasuresNeither
main effect nor interactionwas observed Men kept as manyinformationitems as
women (respectively54 and 57). The amountof information kept by the familiar
participants was equivalent to that retained by those not familiar with the park.

We were also interestedin the natureof information items kept and those

eliminated. The 114 information items were distributed across 10 classes, as follows :

Class 1: roads in the park

Class 2: roads in the city

Class 3: buildings in the park (objects with a large surface area on ground)
Class 4: buildings in the city

Class 5: objects and monuments in the park (small surface area, punctual)
Class 6: objects and monuments in the city

Class 7: properties of terrain

Class 8: specific indications (restrooms, points of view, services)

Class 9: orientation of the map (north)
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Class 10: the river

We separatedandmarksinto two classesbuildings and objects.Thesetwo
classesverepresenin the environmentut they did not havethe samespatialvalue,
the samesaliencyin the environmentMoreover,theindicationof north constituteda
class,evenif it wasthe only componentGiventhe importanceof the orientationfor
usinga map,we could not assimilatethis informationto theindicationsfoundin class
8. Theriver is alsothe only componenbf its class.This elements specificbecauset
doesnot belongto the park (i.e. it is not a propertyof the terrain) but it is sucha
salientspatialcueto orientthe mapthatwe decidedto considertheriver asa classby
itself.

Oncetheseclassesvere establishedye wantedto examinehow information
wasdistributedacrossclassesn the mega-mamndwhetherthis distributionwould be
differentin the skeletalmap.We focusedon informationitemskeptin the skeletal
description(with a meanscorebetweer4 and5) andon informationthat hadto be

eliminated (with a mean score between 1 and 2).

Table 18 presentshe differentdistributions.In the mega-mapwe noticedthat
the most representectlasseswere those concerningroadsin the city (c2) and
buildingsin the park (c3), followed by objectsin the park (c5) androadsin the park
(c1).In theskeletalmap,six amongthe 10 classesverepresentjn descendingrder:
buildingsin the park (c3), roadsin the city (c2), roadsin the park (c1) andbuildings
in the city (c4). The river and north were also selected.Information concerning
objectsin the park andin the city, specificindicationsand propertiesof the terrain
were eliminated.It was interestingto notice that the roadsin the city that were
consideredasnot absolutelynecessaryvereall routescrossingthe mainborderroad
GrandeAllZe. Thesewerenot directly connectedo the park. We comparedhesetwo
distributions(for the mega-mapand the skeletalmap) by conductinga Chi-square
analysis.Thedistributionof informationin the mega-mapvassignificantly different
from the distribution of information in the skeletalmap (Chi-squaresignificant,
p=.05).
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Classl| Class2| Class3| Class4| Class5| Class6| Class7| Class8| Class9| Class10
Mega-map 13 28 30 10 15 3 9 4 1 1
Skeletal map
4<x<5 12 17 18 6 0 0 0 0 1 1
2<x<4 1 11 9 4 3 3 9 4 0 0
1<x<2 0 0 3 0 12 0 0 0 0 0
Men
4<x<5 11 11 18 7 2 1 2 0 1 1
2<x<4 2 16 9 2 3 1 7 3 0 0
1<x<2 0 1 3 1 10 1 0 1 0 0
Women
4<x<5 12 21 16 5 1 0 0 0 1 1
2<x<4 1 7 9 4 1 2 9 4 0 0
1<x<2 0 0 5 1 13 1 0 0 0 0
Familiar
4<x<5 12 14 17 5 1 1 0 0 1 1
2<x<4 1 14 8 4 3 1 9 4 0 0
1<x<2 0 0 5 1 11 1 0 0 0 0
Non-familiar
4<x<5 12 17 16 6 1 0 1 0 1 1
2<x<4 1 11 11 2 3 2 8 4 0 0
1<x<2 0 0 3 2 11 1 0 0 0 0

Table 18. Distribution of information over the different classes in relation to their

scores for the different groups.

(x corresponds to the mean score)

Moreoverwe examinedthe potentialeffect of genderandfamiliarity on the
selectionof information,especiallyfor certaintypesof classesEvenif anequivalent
amountof informationis obtainedacrosshe differentgroups,somespecifickinds of
information might be moreimportantfor someindividuals andlessfor others.We
comparedhedistributionof informationkeptin eachof the differentclassegor men
to the distributionfor women(cf. Table11). No significantdifferencewasobserved
in the Chi-squareanalysis.The sameanalysiswas conductedon the distribution of
eliminatedinformation.No significantdifferencewasobservedTheinformationkept
by men were from the sameclassesas the information kept by women. The
information eliminated by men were from the sameclassesas the information

eliminated by women.
We alsocomparedhe distributionof keptinformationandthe distribution of

eliminatedinformationfrom familiar andnon-familiarparticipantqcf. Table11). The
Chi-squareanalysesvere not significant. So the selectionof informationthathadto
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be kept and information that had to be eliminatedconcernedhe sameclassesof

information for familiar and non-familiar participants.

Anotherway to proceedwasto considerthe distribution of information of
each class acrossthe three intervals (4<score<5,2<score<4,1<score<2).We
comparedhesedistributionsfor eachclassbetweenmenand womenand between
familiar and non-familiar participants.The Chi-squareanalysesshowedonly one
significantdifference.This differenceconcernedhe class3: roadsin the city between
menandwomen.While womenkept21 roadsin the city out of the 28, menkeptonly
11 roads (cf. Table 11). This difference is significant (Chi-square significant, p=.05).

Denis(1997)usedtwo measures$o evaluatethe validity of the conceptof the
skeletaldescription: a measureof richnessanda measureof saturationTherichness
measurecorrespondedo the proportion of items from an individual description
belongingto the skeletaldescription.This measureallowedfor the quantificationof
the distancebetweenan individual descriptionand the skeletaldescription.The
saturationmeasurecorrespondedo the ratio betweenitems from an individual
descriptionbelongingto the skeletaldescriptionandthe total numberof itemsof the
individual description.This indicatedto whatextentthe skeletaldescriptionsaturated
theindividual description. Contraryto the casefor theroutedescriptionsthe presence
of informationbelongingto the skeletalmapon anindividual mapwasnot sufficient
to make a good map. Information had to be correctly located.So the saturation
measurecould not be usedwith the maps.Neverthelessthe richnessmeasureshould
berelevantalthoughits ultimateutility maybefairly limited. We calculatedarichness
measurdor eachof thethreemapswith the highestglobal scoreandeachof thethree
mapswith the lowestglobal score(cf. Table 19). The scoresconsiderecherewere

those given by participants in Experiment #2.

Richness Measurg Mean score
Map 4 47/55= 85,5% 5,83
Map 9 38/55=69,1% 5,58
Map 13 29/55=52,7% 5,00
Map 3 8/55=14,5% 1,75
Map 8 9/55=16,4% 1,50
Map 16 10/55=18,2% 1,83

Table 19. Richness measure and mean scores for good and poor maps.
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Thebestmapswerefoundto correspondo arichnesaneasurénigherthanthe
othermaps.The correlationbetweenthe richnessmeasureandthe scoreof the maps
was0.97.Sothericherthe mapin informationcorrespondingdo the skeletalmap,the
morethe mapis evaluatedas good. However,a map could containall information
belongingto the skeletalmap without being a good map. If all information were
presentout incorrectlylocated,the map could not be used.In orderto fully validate
the skeletalmap, it is necessaryo developa spatialmeasuresuchasa metric or

topological measure to supplement the richness measure.

4.3 General Discussion of Experiment #3

Analysisof thetotal numberof selectednformationitemsshowedno effectof
genderor familiarity. This lack of differencesupportedhe hypothesisof a common
knowledgebase.Being familiar or not with an environmentdoesnot appearto be
crucial for determiningthe necessityof information on a map. Selectingessential
elementsin a map is basedon knowledgethat is independentof the specific

environment.

The remaininginformation on the skeletalmap consistsof landmarksand
roads.We observedhat the selectedandmarksconsistedof large and voluminous
objects.So somemeasureof assumeddr known visual saliencyappearsto have
guidedthe selectionof landmarks.The park was clearly linked to the city. The
propertiesof the terrain and some point-like indications were consideredas

unnecessary.

The conceptof skeletalmap as adaptedfrom Denis et al. (1999) was not
clearly validated here but not invalidatedeither. As this stage,we have not yet
developedh methodto validateit aswe did for the skeletalroutedescriptionwith the
navigationtest.However,it seemglausibleto assumehata skeletalmappresentsat
leastthe largestand the most salientlandmarks,the main roadsand orientations
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(cardinaldirections)andis anchoredn alargersystemof referencgherethe parkis
anchored in the city and located in relation to the river).

5) General Discussion of All Three Experiments and Conclusion

The three experimentspresentedhere were conductedto investigatethe
parallelsuggestetby TverskyandLee (1999)betweerianguageandgraphicmodesto
communicatespatialinformation. We adaptecda procedureusedfirst by Deniset al.
(1999)on routedirectionsto work with drawnmaps.In this framework,severaimain
guestionsarose:ls therea corestructureof maps?s theremetacognitiveknowledge
of whatis importantin a map and of what may be consideredo be a good map?
Thesequestionsvere consideredn Experiments#2 and#3 andwill be discussedn
the final section.

The aim of Experiment#1 was to collect drawn mapsof the Plains of
AbrahamPark.Our studywasfocusedon the contentandthe structureof thesemaps.
We examinedthe effectsof geomaticexpertiseandgenderon characteristicof the
maps.We also examinedto what extentthe characteristicoof the environment
representeaould affect the maps.First we observeda greatvariability bothin the
guality andthe quantity of informationgiven on the maps.Data providedevidence
that spatialinformationis organizedhierarchicallybut this hierarchywasaffectedby
expertise.In the structuringof informationin the experts®aps,roadsseemedo
belongto higherlevel of the hierarchythanlandmarksand hierarchicalrelations
betweenlandmarksseemedo be based,amongothers,on spatial proximity. The
expertiseprovidedpeopletoolsto organizeinformation.We suggestedhatthe better

the information was structured, the more information was retrieved.

Concerninghe non-expertstheir mapsseemedo be basednainly onlandmarksThe
hierarchicalrelationsbetweenandmarkgendedto be relatedto functionalproperties
associatedvith a specificlocation.Landmarkson the bordersof the parkbecamehe
framethatneededo befilled in. Anotherdifferencebetweerexpertsandnon-experts
appearedin the perspectiveadoptedin the maps. The task required a survey
perspectiveThe expertsdid not showany difficulty in adoptinga surveyperspective.
On the other hand, the non-expertsmixed survey and route perspectivesTheir
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representationf the environmenseemedo be anchoredn their displacementsThis
suggestedhat the manipulationof the mentalrepresentatioim this taskappearedo

be easier for experts than for non-experts.

Another aspectexaminedin this experimentwas the effect of the
characteristic®f the environmenton the contentandthe structureof the maps.The
nature of the environmentand especiallyits use resultedin a lack of structure
(comparedo previouslystudiedenvironmentdike cities), no physicalconstraintson
thedisplacementdyee exploration,no realneedto know roadsto exploreor to go out
of the parkandno chanceto getlost. We suggestedhat thesefeatureshaveaffected
the structuringof information amongthe non-expertsThe weak representatiorof
roads,the fact thatthe representationvas basedon landmarks andthe anchoringof
the representationn a route perspectiveseemto be directly relatedto specific
propertiesof the environmentOn the otherhand,we thoughtthatexpertiseprevented

individuals from being sensitive to these kinds of effects.

In Experiment#2, we wantedto examineon which kind of criteriaevaluation
of mapscould be based Participantsvere askedto rate how well the mapsfulfilled
differentcriteria. Functionalandphysicalqualitiesof the mapswereconsideredn the
criteria. Regressionanalysisand analysisby principal componentson scores
associatedvith individual criteriayieldedtwo observationsOn the onehand,among
the differentcriteriaproposedsomeappearedo havemoreweightin the evaluation.
Thesecriteriaincludedself-positioning,appropriateelementsof recognitionandthe
guantity of information. On the other hand, the criteria concerningthe physical
gualitiesof the maps(like proportionsbetweenobjects)werederivativewith respect
to the functionalcriteria. To havea goodmap,the physicalqualitiesof the mapmust
serve functions such as self-positioning, completenessrecognition in the
environmentandthe locationof objects.We suggesthatthe mapswereevaluatedas
tools.Judgesappeato havetakeninto accounthe cognitivecapacitieof the usersof
the mapsandtheir needsgiving the highestscoreso mapswhich bestmatchedhese

criteria. So judges seemed to really put the emphasis on the functionality of the maps.

As wasexposedn the introduction,we wantedto pursuethe explorationof

the parallelbetweemmapsandlanguageby usingthe proceduredevelopedy Deniset
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al. (1999).The main challengewasto examineif metacognitiveknowledgeof what
constitutesa goodmapexistsandthe natureof this knowledgeIn Experiment#2, we
comparedhe evaluationof the mapscarriedout by expertandnon-experjudges,by
men and women and by judgesfamiliar and not familiar with the environment
portrayedin the maps. Results showed substantialagreementbetweenjudges
(regardlessof differencesamongthe judges)asto the communicatedsalue of the
maps.Being an expertor not, being familiar or not with the environment,did not
affect the global evaluationof the maps. So peopleappearto have a common
knowledgeof what constitutesa good map andof a map needsto be constructedo

provide an efficient navigational aid.

In Experiment#3, participantswere askedto selectpertinentinformationon
themega-magpo providethe mostefficient possiblemap.The assumptiorbehindthis
experimentwas that any map would be basedon a core structure.The conceptof
skeletalmap,derivedfrom the one of skeletaldescriptionwasproposedo illustrate
theideathatsomepiecesof informationin mapsaremoreimportantthanothers.The
resultsshowedthat decidingwhatinformationshouldbe includedin a usefulmapis
not dependenbn specific knowledgeof the environment.The agreemenbetween
judgeswho werefamiliar with the environmentandthosewho werenot, suggestshat
theyall had,andmadeuseof metacognitiveknowledgethatwasindependenof their
level of familiarity with the environmentMoreoverthe agreemenbetweenexperts

and non-expert judges suggests that this knowledge is not linked to specific training.

To what shouldthis knowledgecorrespondZouclelis(1996) suggestedhe
involvementof a conceptualevel in the productionof route directions.Couclelis
proposedthat producingroute directionsrequiresa mental model basedon two
different kinds of knowledge.The mental model should integratea cognitive
representatiof the environmentof interestaswell as a storeof generalschemas
regardingurban environmentsand the ways peoplenormally interactwith them.
Thesegeneralschemasserve to organizeand interpret the items of concrete
knowledgepeoplehaveaboutspecificplaces,andhelp drawinferencesaboutplaces
notwell rememberear not known. Couclelissuggestedhattheseschemasould be
basedon pre-conceptuadtructuredike imageschemasn the senseof Lakoff (1987),
actionschemasindbasic-levelcategoriesn the senseof Rosch(1973).Suchschemas
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commonto all individuals would be the substratefrom which productionand

comprehension of route directions could be set.

In our situation,we suggestethatsomepre-conceptuadtructurecouldalsobe
involvedin the productionandthe comprehensiof maps.First, peoplecould have
developeda schemaof a prototypical map. Indeed, Lloyd (1994) showedthat
individuals could extract prototypical spatial information from maps. This
prototypicalmap (containingthe information of whata map shouldlook like) could
containthe largestand more salientlandmarksthe highest-leveroute hierarchy(the
main roads),the orientationof the map (locating the representatiorn an absolute
frame of reference)and information locating the representedcenvironmentin an
environmentalsystemof reference(Wernerand Schmidt, 1999). This schemais
generatedhrough a developingindividualOsnteractionwith the physical world.
Whena personencounterg& newmap,he or sheprobablycompareghis mapto his or

her prototype.

We also suggestthat as and when people encounterand use maps,they
developpragmaticknowledgethan might consistof rules concerningthe usesof a
map. In fact, to produceand usea map, it is necessaryo understandhe relations
betweenthe map and the environment,on the one hand,and the environmentand
oneselfontheother.Liben (1991)insistedon two majorspointsthatcould correspond
to rules integratedwithin theseschema.The first rule is to be aware of the
representationatorrespondencethatis theinformationrepresentedndthe way the
representations achieved.The secondrule is to be aware of the geometric
correspondencdsetweerthe spatialrelationsin the environmenitself andthe spatial
relationsin the representatior{scale,analogy, point of view). Theserules could
constitutea baseof pragmaticknowledgeconcerningmapsand consequenthcould
generateexpectationon both form and content.Moreover,peoplealso appearto
integratethroughexperiencehe informationon mapsthatneedto be selectedrom a
larger set. Thereis someclassificationof information, and the representations a
simplification of the environmentthat usesa particularsymbolization.Thesefour
propertiesact like rules in map productionas well as in map comprehension.
Individuals needto comparethe new mapto their schemaandthento apply to this
new map the basic pragmaticrules as outlined above.We suggestthat geomatics
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expertiseshouldoperateon thesepragmaticulesby enrichingthemandconsequently
making experts more sensitive to certain types of map properties.

A complementaryapproachwould consistin demandinga descriptionof a
park and examiningthe contentandthe structureof the resultingtext. Furthermore,
thereis a needto deepenthe conceptof the skeletalmap andto find an adequate

means to validate it.

6) Conclusion

In conclusion,we believedthat exploringthe parallel betweenlanguageand
graphicexternalizationsn spatialcognitioncould be a goodway to betterunderstand
how peopleinteractwith their environment.The resultsof the three experiments
carried out are a rich set of interpretationsthat supportexisting findings in the
literaturewhile providing additionalcluesasto the natureof the commonconceptual
structurethat appearsto underlie both linguistic and cartographicdepictionsof

environmental space.

The work presentedhere also servesan addition purpose.The work was
carriedout within a broader multidisciplinary projectfocusedon the developmenbf
computationatools to assistin the designanduseof outdoorspacesThe resultsof
thiswork will be usedto supportthe developmenbdf computersoftwareto assistpark
usersin understandingndnavigatingparksandotheroutdoorenvironmentakpaces,
andto supportthe developmenbf appropriatanapsto aid differentactivity groupsin
using the park.
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