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Abstract: Map and geospatial information is an essential tool in many fields of human ac-
tivities. Although cartographers were extensively involved in cognitive map design research
during the second part of the 20™ century, the map use process as well as the significance of
individual map design elements have not been studied in sufficient depth. The article discusses
the results of a controlled experiment. The exploratory study aimed to simulate the execution
of some problem-solving tasks based on the information derived from thematic maps with dif-
ferently designed legends, viz.: list-legend, grouping-legend and natural-legend. On the basis
of think-aloud protocols, it has been confirmed that some differences in map reading depend
on the legend used.
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INTRODUCTION

Currently, access to geospatial information is becoming increasingly easy,
and therefore the map becomes a widely used tool. Furthermore, in many
fields of human activity, maps are also essential tools in decision-making
processes. Hence, there is a need to study the process of map use thor-
oughly and to asses the significance of individual map design elements. Wider
and more detailed knowledge concerning the process of map use allows for
the adjustment of map design to the cognitive abilities of map users, and
make the entire process of map use more effective.

P.C. Muehrcke (1978) distinguished several “levels” of map use, charac-
terised by an increasing complexity. Firstly, map reading, i.e. reading the
basic spatial concepts: position, direction and distance in order to translate
the map’s features into a mental image of the environment. Secondly, map
analysing, i.e. becoming aware of the spatial relations with the assistance
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of cartometrics or pattern comparisons. Thirdly, map interpretation, i.e.
recognising patterns and seeking explanations for them. Lastly, orientation,
which includes position and route finding. As we can see, the map is a tool
for many various tasks and operations.

Cartographers were extensively involved in cognitive map design research
during the second part of the 20 century, but they concentrated on simple
map reading processes, i.e. estimating the size of the basic graphic variables
or determining the smallest noticeable differences (Montello, 2002). Only
starting from the 1980s did they realise that a map should be treated as
a tool for more complex activities, and map design research should include
many variables and various operations.

One of the basic elements of almost every map is the map legend. In many
languages, the term “map legend” is translated into the word “key”, e.g.
“Zeichenschliissel” in German or “key symbol” in English, etc. In fact, the
legend is the key for the understanding of a map and it is essential for the
proper interpretation of the map content. The language used within a map
differs from the natural language as it introduces a system of signs and
provides spatial information. Hence, there is a need for a translation between
those languages. The map legend itself is a kind of translator. Moreover, the
map legend serves a wide range of functions (Schlichtmann, 1997). It can
help the map user to understand the presented themes, their hierarchy and
rules of their classification. Map legends can also indicate the way of map
reading and help unravel “hidden” information. Due to a direct connection
between the structure of information and the design of the legend, the map
user, by reading only the legend, can develop some significant conclusions
concerning the spatial pattern of the presented objects. This makes the
legend a very valuable element of the map, which provides the basis for
knowledge schemes used to understand maps.

Unfortunately, the importance of the map key has been undervalued so
far. In 1967, V. Geabler worried about neglecting the map legend by cartog-
raphers; 30 years later, the situation did not change: H. Schlichtmann (1997)
also complained that the map legend deserved more attention that it had
received. Only a small number of controlled experiments concerning the map
legend has been conducted (e.g. DeLucia, Hiller, 1982; Pickle et al., 1995;
Kraak et al., 1997), and therefore we can say that the role of map legends
in the process of map use has not been studied sufficiently. Furthermore, in
the era of GIS in cartography and sciences related to spatial information,
many maps are produced by non-cartographers. An analyses of selected GIS
software packages (Dmochowski, Pastawski, 2000; Bajer, Korycka-Skorupa,
2008) indicated that map design related to the map legend seems to be
undervalued in this software: only a limited scope of legend constructions is
available, many of them with poor graphic design. Hence, it seems worthwhile
to determine how the choice of the map legend construction may affect
the process of map use. A good way to achieve this goal is to monitor the
work of map users while executing these tasks. This kind of exploratory
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study seems to be a helpful source of qualitative and quantitative knowledge
concerning the map use process.

THE EXPERIMENT

In order to answer some selected questions about the role of the map
legend in the map use process, a controlled experiment was conducted. Based
on the provided maps, the participants were supposed to determine the best
locations for 3 objects with different location requirements: a dumping site,
a luxury hotel and a plantation. The experiment aimed to simulate the ex-
ecution of problem-solving tasks based on the information derived from maps
with differently designed legends, whereas the map face would continue to
be the same. A map with several thematic layers was used (Fig. 1), viz.:
settlements and related objects, forests, roads, traffic volume, nature con-
servation, soil permeability and profitability of farming subsided crops.
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Fig. 1. Thematic map used for problem-solving tasks (scale reduced).

Maps contained information on nominal and ordinal measurement level.
The signs used were designed in compliance with the cartographic conven-
tions (e.g. forests are green), but as far as possible the signs were not
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intuitive, which made the legend an essential feature for the proper under-
standing of the map content.

Three differently designed legends were prepared: list-legend (Fig. 2A),
grouping-legend (Fig. 2B) and natural-legend (Fig. 2C).

VICINITY OF CHABROWICE VICINITY OF CHABROMCE VICINITY OF CHABROWICE
0 1 2km 0 1 2km 0 1 2km
ENVIRONVENTAL FROTECTION
boundary oflardsoape park s boUNdary of landscapepark
boundary of nature preserve o o nafure preserve
roadwith high volurre of traffic TRANSPCRTATION
P readwith
road with average volurre o traffic — roadwith high volume & trafiic . lowvolume of traffic:

road with lowvdurme of raffic m— roaduith average voluTe o traffic

mgaved rcad road with low volume of traffic
with uncontralled valume of traffic g road
with uncontrdlied valume of traffic
church

“OD.G}QW‘Hllll

Htorchidng SETTLEVENTS AND RELATED FEATURES “Hf, ::3
s church !
dhertaristochect ° historic bilding @ dnertarisicabjet
museum ® other tauristic cbject
ith i vedrcad
monument L] museum roadwitfigh Wi reontdlled olume o traffic
cemetery o monument
buit-up area & cemetery
) ; ©  bitpaea
of high profitabi
et s Lo
arees of average proftzbily level of profitability level of profitability
offaming subScized oops of faming sLbsidzed rops of faming stbsidzed aops
md%mlity low average high low average high
of faming: ized qops > . : : > ) Trra i
] high ¢ : = high &0 :
|:| highly premeable soils
[ average premeatiesais ge average
Qe QLo
least premezble scils T oast oo oo B lest fiiii fiii:
A. List-legend B. Grouping-legend C. Natural-legend

Fig. 2. Differently designed legends applied in the experiment (scale reduced).

All the constructions used are considered by cartographers as proper ones
and are often used in cartographic studies. The first construction is the
list-legend, with the order of specimens that is often used on e.g. on tourist
maps, i.e. according to the shape of the signs: first line symbols, then point,
and area one at the end. The second, grouping-legend, was constructed by
grouping the specimens into four general semantic categories. Furthermore,
the area symbols were arranged as a matrix legend. The third construction,
natural-legend, contains the natural legend and the same matrix legend as
in the grouping-legend.

It was valuable to monitor not only the results (i.e. only the answer) of
the tasks, but also the whole process of map use, the process of knowledge
acquisition from the map, as well as the applied problem-solving strategy.
To meet all the requirements, the think-aloud method was applied in the
experiment, which meant that the participants were asked to voice their
thoughts during the exercise. The thinking aloud was recorded, transcribed
and coded into verbal protocols containing the source of direct and in-depth
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qualitative information on cognitive processes. Not only was the result of
task important, but also the whole process. Hence, while analysing the
verbal protocols, the ways of using information derived from the legends
received a lot of attention.

Twelve participants took part in the experiment. All of them were
graduate students (fourth semester of Territorial Management studies at
the Faculty of Geography and Regional Studies, University of Warsaw).

RESULTS

Based on the coded think-aloud protocols, three graph were prepared (Fig.
3). The graphs show how often the participants used specific thematic cat-
egories and in what succession.

It turned out that the list-legend produces clear patterns of map reading.
The succession of categories is connected with the order of specimens in the
legend. Exceptions from the order indicated by the legend may be the result
of skipping some of the signs, and reading the symbols listed below. The
graph also shows that the list-legend results in the smallest number of
thematic categories used. It can be explained by the fact that the participants
facing such a long row of signs felt overwhelmed by the information and
behaved like “cognitive misers”: they did not need to perceive all the avail-
able information to make the decision, but only the scope that they considered
to be sufficient. That kind of behaviour is connected with the limited capac-
ity of human working memory.

A different graph was developed on the basis of the protocols of those
participants who used the natural-legend. The pattern of map reading is not
clear and the succession was not repetitive among the participants (numer-
ous, but not strong connections between the thematic categories could be
observed). The construction does not indicate the order of map reading. The
natural legend does not provide any further information about the the-
matic groups: their extent or number of objects in each thematic layer. On
the other hand, the natural-legend results in the greatest number of catego-
ries used. Visually, this construction is the most compact one, so it is the
easiest to glance at it among all the applied legend constructions.

Also, a difference could be seen in the interpretation of signs depending
on whether the specimens were put in matrix legend or in the list (e.g.
grouping- vs. list-legend). When using the matrix legend, most users treat
both kinds of information as a whole, regardless of whether one piece of
information was useless or not. As a result, only the list-legend graph does
not contain the category: “Profitability and permeability”, the two charac-
teristics that were only analysed separately by the participants using the
list-legend. The participants who used the grouping- and the natural-legends
(both containing the matrix legend) analysed the two characteristics at the
same time. The set of these two characteristics was most often analysed by
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the participants who used the natural-legend. Actually, the information about
profitability and permeability was the most easily available, because it was
put in the matrix legend. The rest of the information was not ordered ac-
cording to semantic criteria, and therefore it was harder to acquire.

Think-aloud protocols were also coded based on the nature of the opera-
tion during the problem-solving stage. It was revealed that there is no clear
relationship between the legend construction and the strategy applied. The
participants using the same legend construction used different strategies.
The type of strategy applied is more strongly connected with previous educa-
tion and training in map reading. The users who had problems with
understanding the map content and executing even simple tasks (worse
solvers) rarely used the legend. They often guessed the meaning of signs,
and more frequently used the information that does not require its meaning
to be verified, As a consequence, they skipped even important information
and focused on information presented using intuitive signs. Even when
feeling confused, they did not treat the legend as a helpful feature. On the
other hand, the users who easily absorbed the information and successfully
executed other tasks (better solvers) used the legend very often. They
started with reading the legend, and then located each sign on the map face.
They seldom guessed the meaning of the sign; even the meaning of the in-
tuitive signs (e.g. forests) was verified with the legend content. To sum up,
there are various strategies of problem solving, but they do not seem to be
significantly connected with the legend construction.

The number of participants in the experiment makes it impossible to
apply sophisticated statistical measures. The results discussed above show
the direction for further explorations and studies. This kind of research is
going to be continued in order to collect sufficient data to provide an answer
to the question whether there are any statistically significant relations be-
tween map legend design and the ways of map use.
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