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Abstract: Cartographers’ care about use and user issues dhas keries of studies on how
people read and interpret maps. The main aim cfetlstudies is to adjust map design to the
cognitive abilities of map user and make the whmlecess more effective. However, there are
still many problems that need to be studied carefdéspite the fact, that a legend constitutes
the key for the map understanding, it has beennmtieed so far. In many popular Geographic
Information Systems (GIS) software packages theevailable a limited scope of legend con-
structions, many of them with poor graphic desifjiso in the process of map elaboration this
element of map is often treated as a marginal jssodhat it is often prepared without the
proper care.However, a map legend serves a widg rahfunctions. It can help map user un-
derstanding presented themes, their hierarchy amayeof classification. Map legend can also
indicate the way of map reading and unrevealinglden” information. On the other hand,
there is a wide scope of map legend constructidrishacan asses map reading. The questions
that seem to be worth answering are: If differenthgigned legends result in various ways in
task solution? Do some legend constructions determiiore effective processes of map read-
ing and decision making depending on the kind tfsk? In the era of GIS in cartography and
sciences related to spatial information, many deessare made on the basis of maps, hence it
is important to investigate thoroughly how legendsld influence this process.
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Introduction

For many centuries map design had been rathetiiigubased on common sense and experi-
ence of map maker. The consequent map perceptbmap use were unknown processes. With
the development of thematic cartography and areasing complexity of presented topics, cartog-
raphers have put an emphasis on functionality @adbility of maps.

Since the 2B century the cognitive cartography and the useteced approach toward map de-
sign have been developed intensively. The maincdithese studies has been to adjust a map design
to the cognitive abilities of map user and makewhele process more effective. Ones of the first
researchers who saw the need of involving achientsraf psychology in the field of cartography
were Karl Peucker and Max Eckert (Eckert 1908, Kigeticz 1930). But methodical and empirical
research of cognitive map-design began in the midtithe twentieth century, when Arthur H. Rob-
inson stated that purely artistic approach to nmegigih resulted in a decrease of map usability (Rob-
inson 1952). He suggested the solution by studiggereption processes in order to find out the
results of map makers' decisions in map users'.n@adtographers' attention focused on psycho-
physics — psychological discipline, which concetmesrelation between strength of a stimulus and a
following reaction. It has led to series of studi@show people read map by trying to test the magni
tude-estimation of basics graphic variables: a efagraduated circles (Flannery 1971), a lettee,siz
and a gray tone scale (Williams 1958). Moreoveg,"fbst noticeable difference" as well as a speed
and an accuracy of objects searching on the magp stedied. Facing a series of critics for not pro-
viding significant rules useful for map makers adlw@s no general theory developed, map design
research has suffered the decline since the laf@sllso "digital revolution” in cartography
made the situation worse, disappointed reseascfeused on new opportunities and problems
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connected with implementation computers in cartplyya Having completed the most important
difficulties in implementing computers and GIS saite in cartography it turned out that com-
puters has played significant role in revival ofpgmncal map-design research. Computers smooth
the way of an empirical process: it makes it easigorepare test material, as well as to analyze
results. Furthermore, the emergence of computellsGI8 has led to implementing many new
ways of map-design: animation, interactive mapsgyal reality, sonic maps etc. Nowadays, one
of the most important challenges in cartographtoiadjust the new forms of communication to
the cognitive abilities of map user. As a restilere has been the increase of map reading research
(Montello 2002). However, there are still many gevbs that need to be studied carefully, one of
these is the role of map legend in the processap reading.

Condition of a map legend

In many languages the term "map legend" is tragdlatto the word "key": "Zeichenschlissel"
in German, "key symbol" in English etc. In factlegend constitutes the key for the map under-
standing and it is often essential to interpretrttag content properly. In 1967 V. Geabler worried
about neglecting the map legend by cartographdter, 80 years the situation did not change
(Gaebler 1967). H. Schlichtmann (1997) also comgldithat the map legend deserved more at-
tention that it had received. Is the situation @pntegend so bad? If yes, does a map legend play
so significant role that it is worth changing?

K. Katamucki (2005) conducted an interesting arialyghich showed the undervaluation of
the role of map legend during map use process.di®ared the emphasis put on each map ele-
ment in map reviews published in "Polish CartogreghReview" with the results of the question-
naire surveyed among map users. In the questianttar author asked subjects to divide the sig-
nificance of the whole map into every element ahap design. It turned out that the element
which had the greatest difference of attentionawof of map users was a map legend (Fig. 1).
Actually both groups (map makers and map usersfiratmap legend not high. The author com-
plained that in the process of map elaborationdlésent of map was often treated as a marginal
issue, so that it was prepared without proper aarene of the last stages.
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Fig. 1 Lack of a coincidence between the map uaarsthe authors of map reviews opinions regartlieg
significance of a map legend (according to Katamaeks)

The methods applied in the study unable to develm® and general conclusions, but the
analysis seems to confirm the opinion that mapriddge an undervalued element of the map.

Another example of a study that may lead to thelaimonclusion bases on a different kind of
material: Geographic Information Systems (GIS) wafe packages (Bajer a Korycka-Skorupa
2008). Currently, when many maps are produced lmyaaotographer, it is important to provide
the sufficient scope of correct solutions duringleatage of a map elaboration. The analysis con-
ducted aimed to evaluate quality and methodologicatectness of diagram maps, proportional
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symbols as well as chart maps, which can be pratusimg few most popular GIS software pack-
ages: Maplnfo Professional, ArcMap and MapViewég.(E). The analysis regarded only diagram
maps, but is can be considered as a sample ofligyqpfanaps produced using GIS.
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&

Fig. 2 Evaluation of various aspects of produciragchm maps in selected GIS software packages
(according to Bajer a Korycka-Skorupa 2008)

Again, map design related to a legend seems tondervalued: the aspect that gained the
smallest score (about half of the available maiks) legend. There is available a limited scope of
legend constructions, many of them with poor graplgsign. To present few detected limitations
that has appeared in legends: in Mapinfo Profeasiariegend is produced automatically, a map
maker can not determine the size of symbols appgamithe legend, in spite of the fact that they
may not correspond with the size of the symbolhemap. Moreover, producing maps with two
bar charts in each characterized place, when chegtihdependently scaled, there is no quantita-
tive scale in the legend, so there is no inforrmapioovided about what number represents each
size (Fig. 3).

In ArcMap, labels presented in a map legend caediied in significantly limited way: only
the title can be taped, whereas editing of the 1saofhéayers as well as feature classes is limited t
a change of visibility. A default legend for theoportional symbol map provides no information
about the units of presented data. Trying to sh@wmits, other information about the data disap-
pears. Furthermore, the legend for a proportioyral®! map that shows the structure of presented
data, has only one sample of symbols with the vidaerepresented by it (Fig. 4).

MapViewer is the software that has gained the tsgkeore concerning a legend among the
analyzed GIS packages, but it is still below 60%awvéilable marks. For example, MapViewer
provides a limited editing function of labels, whwdten results in e.g. uneven numbers in ranges
presented in the legend.

Many serious mistakes and drawbacks can be fowspite the fact that the studied packages
are the most popular and are not the first verpiglished. In the successive versions are removed
the revealed drawbacks, so the detection so mamitations in a map legend design during the
analysis may be surprising.
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Fig. 3 Poor quantitative information in the legend=ig. 4 A poor information about the scaling andt i
when scaling together both bar diagrams data presented (A) and the result when trying to
(A), and no quantitative information when show the unit (B)
bar diagrams are scaled independently (B)
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Map legend significance

Facing so many drawbacks in opinions and practiceerning map legend design one should
have in mind the consequences of such limitatibis directly linked with the scope of functions
a map legend serves.

H. Schlichtmann (1997) set together the functiohsiap legends. The main function is an ex-
planation of symbols, so the legend establishdss livetween signs used on the map and their
meanings. This function seems to be obvious foryeweap user, but H. Schlichtmann distin-
guished also a range of other functions. A legerdents the concept within the structure, so that
specimen symbols are grouped according to theinmgaas well as the hierarchy of the informa-
tion. Such organization may be according to sultistrtemporal and spatial criteria (Fig. 5).
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LAtlas geograficzny dla klas 6-7” ,Ksiega swiata”, 1996, ,Geograficzny atlas Polski”, 1999,
1998, Warszawa: PPWK Warszawa: GeoCenter Warszawa-Wroctaw: PPWK

Fig. 5 Grouping specimens in the legend by variitsria:
substantive (A), spatial (B) and temporal (C)

Most frequently a substantive criterion is appl{€ig. 5A). Another way of the presentation
context is a natural legend, where a legend isuxiliagry map into which specimens are placed
(Fig. 5B). The next function specified by the auti®provision of additional information about
mapped territory. A legend may furnish informationterms of units or of structure, which is not
expressed through the symbolization in the map. faatent structural information is made ex-
plicit, e.g. in the legend of a geological map: tisdor scheme does not furnish information about
the age of rocks, but the sequence of specimetigifegend makes the age attribute clear (Fig.
5C).

The other way of serving this function is addingorting and complementing data in the leg-
end, e.g. in the shape of transformation the sespetimens into a diagram showing additional
characteristic. The next function is provision afeaord of data-processing which has taken place
prior to mapping. The most common example is diagsvals, but it can also be served by: a ma-
trix showing correlation between two sets of datspnted, statements informing about character-
istic included during data manipulation (e.g. "Lésan 3 farms are not shown" etc.). Legend can
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also serve as an aid in the interpretation, esfheaa a set of symbols: a cloud of dots or bundle
of isolines (Fig. 6).
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Fig. 6 A map legend as an interpretational aid

The last function mentioned is an inventory of ¢igns. This function is served e.g. in a leg-
end for the map series, where specimens in thentedepend on what is presented in the map
face: in different regions there are different s#tebjected. Also in a matrix legend, where a cate
gory is characterized by two set of characterisifcsome category is not presented in the map -
the place in the legend is left blank. Furthermergyresentation of quantitative values in ranges
may be more precise thanks to the map legend. RElgranges map maker can indicate which
values are not observed in the mapped territorfebying a "gap" between the highest value of
one range and the lowest from the successive ormy @roviding uneven the smallest and the
highest values of extreme ranges (Fig. 7).
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Fig. 7 Advanced precision concerning quantitatiseaduneven numbers in extreme ranges present the
highest and the lowest values in the data set

The scope of a legend constructions

Being aware such a wide range of functions thatap tagend serves one has to own up that
map legend indicates the way of map reading andshehrevealing the “hidden” information.
Therefore, during map elaboration map maker shdekign carefully this element of a map. In
fact there is a great amount of solutions of thgetel design that can be chosen by map maker.
Layout, what is understood as the overall orgaiumaand settings of the legend (Sieber et al.
2005), incorporates the design of the space dedidat the legend, as well as graphical features
and technical specifications (e.g. placement olegend). ]

To some extent the legend design is dependenteom#thod applied in the map facy$z-
kowska 2005). For qualitative information therepplied the legend in a shape of a "dictionary",
where there are signs put in the row and next éoethich specimen there is the corresponding
meaning. But even in this case there are few opifospecimens arrangement available, depend-
ing on space and shape of the area dedicatedddegend (Wolodchenko 1994). Also the order of
specimens is the matter of map maker's choice.ddtiee suggestions bases on the Gestalt theory
(Medynska-Gulij 2007). Assuming that map user visuallgamizes the graphic information pre-
sented in the map face, the map legend shoulthdigsh thematic content as the most important,
later there should be explained the base conteévtisit is worth mentioning, the suggested solu-
tion is contrary to the most common order thatppli@d e.g. in the tourist map legends, where
specimens are mainly arranged according to thehgragimension: first points, then lines and
areas at the end.

The next form of the legend is bar, it is appliedd¢horopleth maps and isoline maps. The con-
figuration of such a strip of specimens is alsoatmtious. There are different opinion is this mat-
ter. Some cartographers claim that better solusidrorizontal orientation (Czerny 2003), just like
the direction of writing and reading in Latin alfoied, whereas others consider the vertical orienta-
tion as the better option (Pastawski 1982), whieelégend visualize the statistical surface. There
is a research that confirms better tasks solutiith legend boxes arranged in a vertical way
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(Pickle et al. 1995), but it was studied in a lieditextent and the authors admitted that more re-
search was needed to fully assess the effectedégfend characteristic.

For the proportional symbols maps the legend issehées of figures or solids. The analysis of
the legends in regional atlasesazek 1983), as well as the study of GIS softwaratioped
above, revealed many methodological mistakes tteah®de in this kind of legend. That means
that no uniform criteria govern the design of tkiisd of legends. Legends can also be designed as
a diagram: a bar diagram, a correlation diagramimmadmatrix form.

Moreover, the very important and problematic isisuthe design of legend that consists of few
forms mentioned above. The order, the configuragitin of them seems to be undergone no par-
ticular criterion in spite of the fact that mapshwiliverse content are difficult to understand asd
legend is crucial to understand the map content.

Conclusions

Due to a direct connection between the structurefofmation and the design of the legend,
map user by reading only the legend can developignificant conclusions concerning the spa-
tial pattern of presented objects, as well as tmeeption of the whole map: type of data presented
(qualitative versus quantitative), content defiti(analytical, complex or synthetic), objects se-
lection dependent on the degree of generalizatiom hierarchy of objectsZyszkowska 2005).
Such a wide range of information that can be dédrivakes a legend very valuable element of the
map. In the era of GIS in cartography and sciemeksed to spatial information, many decisions
are made on the basis of maps, hence it is impaxdare aware of the role of a legend in the proc-
esses of map reading, problem solving and decisigking.

Having analyzed the wide range of legend conswoustiavailable, it is essential to investigate
thoroughly how legend and its design could infleentap user perception of the map. So far no
standard criteria have been developed definingfitted shape of the legend. Among those that
should be included are: the hierarchy of the cdntée logical arrangement and the graphic form
of the symbols. The problem of an adequate legemdtouction remains unsolved especially in
the case of thematic maps, i.e. those that chaizetite widest scope of possible legend construc-
tion and whose legend is essential. Therefore tiestepns: "if differently designed legends result
in various ways in task solution?" or "do some hajeonstructions determine more effective
processes of map reading and decision making dépend the kind of a task?" seem to be worth
studying.
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) Resumé
Uloha mapovych vysvetliviek — préo Studova’ problém?

Po mnohé stotda bol mapovy dizajn skor intuitivny, zalozeny rdzavom rozume a skdsenostiach tvor-
cu mapy. Nasledna percepcia a vyuZitie map bolomdeym procesom. Zaujem kartografov o pouZzitie map
a problémy pouzivatev viedli k sérii Studii @itani a interpretacii map. Hlavnym Bgam tychto Studii je
upravi’ mapovy dizajn na zaklade kognitivnych schopnostiZzpvatéov mapy a zefektivtii cely proces.
Neexistencia pravidiel pre tvorcov map a vSeobete@jie mapového dizajnu viedlo k apadku vyskumu.
Tento problém bol op@nastoleny s nastupom geografickych infofmeh systémov (GIS). Ostava mnoz-
stvo problémov, ktoré je treba starostlivo Studovdednym z nich je Gloha vysvetliviek v procés$enia
mapy. Aj kel vysvetlivky predstavuji IKi¢ k porozumeniu mapy, su zdtiaedocenené. Mnohé popularne
softvéry GIS maju limitovani moznb&onstrukcie vysvetliviek, mnohé z nich so slabyrafigkym dizaj-
nom. V Stadii (Bajer a Korycka-Skorupa 2008) bolagmované tri z nich, a to: MapInfo Professional; A
cMap and MapViewer, pfom sa zamerali na mozZrow/orby kartodiagramov a ich vysvetliviek. Najlepsi
vysledky v porovnavani dosiahol MapViewer.
V procese spracovania mapy je tento mapovy eleiasio brany ako okrajovy problém, takZesgsto
pripraveny bez nalezitej starostlivosti ako jedgroglednych krokov jej tvorby. Hoci vysvetlivky ndagiro-
ka Skalu funkcii, pomahaji pouzivibei porozumi€ zobrazované témy, ich hierarchiu a spdsob klasifi
moézu tieZz naznmva’ spdsokiitania mapy a neodhalené “skryté” informacie. Nahéj strane existuju Siro-
ké moznosti tvorby mapovych vysvetliviek, ktoré mamhadnd ¢itanie mapy. Otazky, ktoré by bolo cenné
zodpoveds, su:¢i vysvetlivky s roznym dizajnom maju za nasledokianatne rieSenie tlohy? Mézudava’
niektoré stavby vysvetliviek efektivnejSi progéésinia mapy a tvorbu rozhodnuti zavisld na druhpytio?
V ére GIS v kartografii a vedach spojenych s poiestymi informaciami, vea rozhodnuti je uskutaenych
na zaklade méap, a preto je dolezité dokladne preakéko mozu vysvetlivky ovplyitova tento proces.
Obr. 1 Nedostatok zhody nazorov medzi pouzitratanapy a autormi hodnoteni mapraine vyznamu
mapovych vysvetliviek (pdé Katamucki 2005)

Obr. 2 Hodnotenie réznych aspektov vyroby kartodie@v vo vybranych softvéroch GIS (fadBajer a
Korycka-Skorupa 2008) )

Obr. 3 Slabé kvantitativna informacia vo vysvetfiek pri spolénom Skalovani dvochlgicovych karto-
diagramov (A) a ziadna kvantitativna informaciawavetlivkach pri nezavislom Skalovanigst
covych kartodiagramov (B)

Obr. 4 Slaba informéacia o Skalovani a jednotkaatzg@mtovanych dat (A) a vysledok pokusu zobrazi
jednotky (B)

Obr. 5 Zoskupovanie znakov vo vysvetlivkach fod6znych kritérii: formalne (A), priestorové (B)
acasové (C)

Obr. 6 Mapové vysvetlivky ako interpréted pomdcka

Obr. 7 Zdokonalena spravnoiykajuca sa kvantitativnych dat: nerovnomern&ye extrémnych rozpé-

tiach najvyssich a najnizSich hodnét v subore dat
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