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Abstract: When users read a topographic map, they have  to decode the represented information. This decoding passes 
through various processes in order to perceive, interpret, and understand the reported information. This set of pro-cesses 
is intrinsically a question that is influenced by culture. In particular, when one thinks of maps distributed across the 
internet or representations of audiences from different origins, the chance of efficient communication is reduced or at 
least influenced. Therefore, there should be some degree of common visual communication, which the symbology of 
maps can be applied in order to assure the adequate communication of phenomenon being rep-resented on it. In this 
context, the present work aims at testing which evaluation factors influence the reading of maps, the understanding of 
space and reasoning of the map user, in particular national topographic maps. The assessment was through internet 
considering official map representation from Brazil and Poland and questionnaires. The results shown that conventional 
topographic maps on the same scale are not capable of producing the correct interpretation of the user from another 
culture. This means that formal training has a direct influence on the quality of the interpretation and spatial reasoning. 
Those results indicate that high levels of formal training positively influence the reading and interpretation results of the 
map and that there is no evidence that the specialists with the symbology of their own country have significantly 
positive results, when compared to those used maps with systematic mapping from another country.  
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1. Introduction 
The distribution of maps over the Internet allows users 
from around the world to obtain information about any 
region on their mobile or conventional device. 
Topographic map has its symbology conventionally 
defined in each country according to a specific context of 
use and reading conditions. Although this context has 
changed radically in recent years, among other reasons, 
an access capability given by the Internet, the 
requirements of design solutions to be appropriate to the 
users' cognitive ability. In this way, these topographic 
maps can be used at its better use in decision supporting 
from the representation, especially for the semantic 
characteristics of the cartographic representation. The 
problem that is proposed from this context concerns how 
the reading and interpretation of the maps are affected 
when these topographic maps are distributed and 
accessed by users of other countries, unfamiliar with the 
conventional symbology characteristics used in a map 
produced in foreign country. 
According to MacEachren (1995), the process of map 
reading is an individual task because several factors 
influence on this process. Crampton (2001) states that 
cartography finds a need to know the cognitive, 
psychological and physical parameters of its users, so do 
that in an individualized way. The user can understand, 
learn and re-member the information communicated by 

the map. The map reading strategy is not independent of 
the user's cognitive process and influences the strategies 
or methods used by the map-reader. Individual spatial 
skills explain some differences in the development of 
cognitive mapping, such as geometric thinking ability, 
ability to create spatial relations images at different scales 
(local to global), to recognize spatial patterns, to perceive 
three-dimensional characteristics in two dimensions, 
estimating distances and direction, and integrating routes 
and reference points (GOODLEDGE, 1993). The 
internalization of the information contained in the maps, 
after filtering and internal processing, is stored in the 
individual's cognitive map of the area. Thus, the spatial 
knowledge of a region contains several cognitive maps at 
different scales that are related through reference points 
(SCHMIDT and DELAZARI, 2013). In the context of 
cartography, these differences can alter the perception of 
symbols in the use of any representation, influencing the 
figure-background separation and the interrelation of 
symbols on the map and correlating colors and features, 
such as blue for water bodies and green for vegetation.  
Among the many factors that may influence the reading 
of a cartographic representation are the formal training in 
cartography presented by Schmidt and Delazari (2013), 
cognitive and perceptive development (SLOCUM, 1999), 
and cultural characteristics (TAYEB, 2001; PERKINS, 
2004). The way in which the symbols are constructed and 
interpreted passes through questions related to the culture 
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of the environment in which the map is created and used 
(PERKINS, 2004; 2009; ITO e SANO, 2011; LEE e 
BUTLER, 2014).  
For Roth (2015) culture is the derivation of knowledge 
and, from a cartography perspective, this means the 
derivation of more complex concepts supported by map 
reading, such as the delimitation of hydrographic basins. 
For Tayeb (2001), the term culture is almost impossible 
to capture and measure in all its aspects, due to the 
immateriality of such a complex concept. However, their 
influence is strongly perceived in people's behavior and 
reactions in certain contexts. For this author, the model of 
culture factor implies in the minimalism adopted by 
researchers to select some aspects of culture selected for 
studies. In addition to individual variations, there are 
regional variations within a single country, some of 
which are not caused by cultural factors. Tayeb (2001) 
states that culture does not depend exclusively on 
geographic boundaries but rather on clusters of customs, 
experiences and experiences that pierce the knowledge 
form and can be regionalized. 
In this context, the process of map construction may also 
reflect part of the culture in which the cartographer is 
inserted and, on the other hand, the map reader should be 
able to adopt a strategy that includes reading the maps 
produced with a particular visual solution. The user must 
be able to perceive these differences in the way the 
symbology of the map is proposed and presented. Finally, 
any cartographer must understand these differences in 
user culture and develop strategies to make the map 
readable to its audience. 
This research starts from the premise that cartographic 
elements common to topographic maps, even with 
different visual solutions given by the conventions 
adopted by each country, limit the mapping process 
without specific training. That is, even if official 
topographic maps of different countries present similar 
sets of information, differences in the symbology make it 
difficult for experienced users to read, interpret and 
perform simple tasks with maps. This work aims to 
evaluate, although in a preliminary way, the role of 
familiarity with visual solution of official topographic 
maps in the effectiveness of the use of these maps. 

2. Users evaluation 
A questionnaire was published in the Internet with four 
pieces of topographic maps from Brazil and Poland. It is 
believed that this number is sufficient to represent the 
different nuances of the cartographic symbology and 
could work as a sample to preliminarily evaluate the 
factors influencing the map reading. In figure 1, we 
present two ex-tracts maps of the Brazilian systematic 
mapping on the 1: 50,000 scale, provided by the Brazilian 
Institute of Geography and Statistics (IBGE), and two 
maps of the systematic Polish mapping on the same scale 
provided by the Institute of Geodesy and Cartography 
(IGiK). Since language is a major problem for searching 
in different countries, any textual information such as 
names of rivers, cities, highways and coordinates has 
been removed so that a direct identification of the region 

by any participant is not possible and avoid its influence 
in the responses. 

 
Fig. 1.  Two map extracts used in the tests. (Source: IBGE and 
IGiK) 

The assesment was performed through common tasks 
using map such as altitudes estimation, point 
intervisibility, watershed identification, distance (reading) 
and relative orientation estimation, geographic features 
remembrance (interpretation, reasoning and 
memorization). These questions are based on the map 
reading steps of Board (1984, cited in Van Elzakker, 
2004), which seeks to identify what is in the map area, to 
estimate quantities, to position it in relation to the 
surrounding objects, to quantify and delimit a 
phenomenon among other questions (Table 1). 

 
 
Table 1.  Geographic questions and tasks on map reading 
process  (Source: Van Elzakker, 2004) 

For the test, a website containing a questionnaire 
translated into Portuguese, English and Polish was 
created, and e-mails containing invitations to discussion 
groups and research groups were sent out. On the site, the 
volunteers ac-cessed the questionnaire with questions 
divided into two parts: the volunteer's characterization in 
relation to their level of training and habits of use of 
topographic map, and a second group of questions that 
constitute tasks on the common use of topographic maps 
(Figure 2). The mechanics of the test were a web form 
and, therefore, the efficiency in terms of get back to 
previous questions, or the time the user took to answer 
each question, was not evaluated. It is impossible to 
properly determine the response time in a remote web 
environment, especially because there is no security of 
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the user's exact behaviour. On the other hand, in real 
situation of use it is exactly in this environment that this 
user would be visualizing and interacting with a map. 

 
Fig. 2.  Example of questions using Brazilian Map. Source: 
Authors 

The 14 questions of the first group sought to determine a 
profile of participants in relation to the criteria for map 
utilization, training in cartography, participation in the 
production of topographic and thematic maps, age, sex, 
formal training in cartography and other aspects that may 
have correlation with the performance in the map reading 
process. In addition, the nationality of each participant 
was requested, and confirmed by the choice of the 
language of the website. This nationality was assumed as 
familiarity with the map symbology. Regarding 
preference, prior to the questions that establish the 
effectiveness of the analysis, the user was asked to 
answer the preference regarding an extract from a Polish 
map and an extract from a Brazilian map, having to 
choose one of the two as preferred and justify the choice. 
The 16 questions of the second group included aspects 
about auto-localization, distance estimation and 
evaluation of internal orientation, representation of 
reference points, existence of features in the short-term 
memory of the volunteers. This group of questions is 
related to the measurement of the effectiveness of 
cartographic representation. 

For this, the questions contained extracts from the 
topographic maps of Brazil and Poland and questions 
associated with reading specific symbols and questions 
about map interpretation. These questions were drawn 
from common cases of map use and each contained five 
response alternatives, which the participant should 
choose. Examples of reading questions are: "Which 
points are further north from the highway?"; The 
questions about interpretation and reasoning included: 
"Which of the following points are in the same river 
basin?" Thus, each question in this group, except for 
preference in relation to symbology, has a template. 
After presenting each extract and answering the 
questions, different sketches were presented (Figure 3) to 
evaluate the understanding and memorization of the 
cartographic representation besides the preference of the 
volunteers in relation to the symbology adopted. At this 
stage, the topographic map of Figure 2 was no longer 
visible, but only the sketches, and the volunteers should 
report which of these presented the closest resemblance 
to the map just observed in terms of the distribution of 
features and completeness of information. All questions 
have an open space where users could comment and 
justify their responses as a way to help in understanding 
the strategies and motivations of users. However, as this 
study is preliminary, the analyses sought to focus on the 
effectiveness aspect, keeping the discussion of cognitive 
strategies to a later stage. 

 

 
Fig. 3: Example of sketch used in the tests based on the 
topographic map of Poland. Source: Authors 
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3. Results and discussions 
The valid tests were counted on a total of 53 participants, 
containing undergraduate students, professors and 
graduate students in Brazil and Poland. The average 
profile of the sample corresponds to upper-level users, in 
areas such as cartography and geography, which use 
maps with some frequency (Figure 4). 

 
Fig. 4: Characterization of volunteers profile. Source: Authors 

The answers given were stored in a database for non-
parametric analysis of variance using Kruskal-Wallis test 
at a significance level of 5%. The test compared the 
frequencies collected from participants' responses using 
maps of their own country and then using maps from 
another country. The responses were correlated with the 
characteristics of the users, such as formal training 
degree, training area and other answers to personal profile 
questions. Results of correlation of responses (efficacy) 
with the nationality / familiarity factor are shown in Table 
2. 

Geograp
hic Task Kruskall-wallis tests (5%) 

 

Brazilia
n 

Volunte
ers 

Polish 
Volunte

ers 

 
p 

(Brazilia
n maps) 

p (Polish 
maps) 

p 
(Brazilia
n maps) 

p (Polish 
maps) 

Altitude 
estimatio

n 
0.0405 0.1577 0.0011 0.0001 

Intervisib
ility 

between 
points 

0.0429 0.1022 0.0181 0.0209 

Watershe
d 

identificat
ion 

0.8644 0.0649 4.727e-
05 0.0049 

Distance 
estimatio

n 
0.0586 0.1263 0.0198 0.1737 

Table 2. Degree of significance of the kruskal-wallis test (5%) 
based on the comparison of the reading of Brazilian and Polish 
topographic maps 

The results demonstrate that the result was completely 
effective for volunteers with high formal training (15 
volunteers with master / doctoral degree). That is, for 

both the reading and interpretation tests this group 
obtained 100% responses with answer key. Formal 
training seems to be the only variable with a positive 
influence on the performance of volunteers. The Polish 
volunteers had a positive correlation to understand the 
watershed limits and the intervisibility between points. 
The numbers also indicate that Brazilians have a positive 
response to the reading of contour lines with Brazilian 
maps in comparison to the use of Polish maps. The test 
would need to have similar size of samples so that 
differences between the performance of both groups 
could be asserted, but the height and point intervisibility 
estimates show positive significance for both groups 
using Brazilian topographic maps, but not when using 
Polish maps. 
Evaluating tasks that involve reasoning beyond map 
reading requires an adequate testing project for such a 
consideration from user training to the design of tasks 
that require multi-stage memory and symbology 
comparison processes. In the present study, the tasks of 
relative orientation and association of the features 
represented in the sketches with the newly observed maps 
generated negative results. This means that such analyses 
were performed incorrectly in more than 50% of the 
cases, besides this result had no positive correlation with 
none of the other featured. It is worth mentioning that 
because it was a test through internet there was no time 
control and for this rea-son, some users may not have 
dedicated adequate time to carry out the evaluation of the 
maps. 
When evaluating the relationship between preference and 
performance corroborate Mendonça and Delazari (2014) 
and Hegarty et al. (2009), whose results demonstrate that 
user preferences are not necessarily linked to more 
effective performance. Users justified their preference by 
considering not only familiarity, but also by the belief of 
what would be most effective in obtaining a better result. 
Some of the answers cited as reasons the characteristics 
of the symbology related to the use of colours as well as 
those that provided, in the opinion of the user, "a better 
distinction of the mapped features". Other comments 
included the choice of colours for symbology, which 
would make maps easier to read. To these characteristics 
of the maps, many volunteers associated a concept of 
readability of the same. In other words, for Brazilians the 
IBGE maps are more readable and for the Poles IGIK 
maps are more readable. 

4. Conclusions 
We analysed only one aspect of the culture that is the 
formal training and, in an exploratory way, the influence 
of the use of maps with which the users are familiar. Due 
to the correlation of the number of positive results in 
relation to the answer key, the results indicate that high 
levels of formal training positively influenced the reading 
and interpretation results of the map presented in the test. 
This analysis was declaratory, that is, through 
questionnaires answered by the internet and the 
correlations found, although valid, need to be expanded 
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and tested again with a larger and more representative 
sample to ensure the consistency of these results. 
This study also shows that there is no evidence that 
expert users using maps of their own country have 
significantly better results when using maps produced in 
an foreign country, but users prefer their maps. The 
results also show a low correlation between subjective 
preference and performance measured for map reading 
tasks. This points to the need to plan specific tests for 
mapping reasoning tasks given the dynamic character of 
the internet and the lack of real appeal for purely 
scientific assessments. Maps are always used in specific 
contexts and for the correct evaluation of their potential 
for reasoning the type of environment must be 
reproduced in usability tests. 
The authors emphasize that this research has an 
introductory character and emphasizes the need for 
studies with greater amplitude, especially with the greater 
number of participants from other countries. It is also 
recommended that these studies seek to apply different 
visual solutions to the symbology of the map and tools of 
interactivity in order to evaluate broader aspects of 
interpretation and use of cartographic representation. 
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