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Abstract 
The theoretical research in cartography was recently boosted mostly by technological development, which enables the 
comfortable usage of various new and even traditional methodological approaches. For example, the Eye-tracking 
method can possibly provide deep insight into the process of map reading, especially in the case of simple tasks. The 
visual search is one of the basic tasks when users are dealing with cartographic stimuli. For the presented study, the 
symbol set was designed in order to create a logical system, varying in different graphic variables (shape, hue, etc.). 
The designed symbol set was used for the creation of experimental stimuli simulating large-scale maps. The stimuli 
were used for the test battery administered to twenty four participants using an eye-tracking device. The influence of the 
point symbol design (various graphic variables), the position of the point symbol in the map field, and also the 
properties of the map background on the visual search task was investigated.  
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1. INTRODUCTION 

The theoretical foundations of cartography can be tracked down back to the second half of the twentieth century when 
the work of e.g., J. Bertin (Bertin, 1983), A. Kolačný (Koláčný, 1969), A.M. Maceachren (Maceachren, 1995), and 
others were published (Montello, 2002). he foundations were based mostly on scientific studies from other fields of 
science and only on the limited number of empirical studies in cartography. The development of technology enables the 
extension of available methods and the introduction of novel approaches to cartographic research. For example, the 
Eye-Tracking method can provide detailed objective information about the user's eyes gazes (Ooms, Dupont, Lapon, & 
Popelka, 2015) . A combination with other methodological approaches can provide deep information about the nature of 
the map reading process and contribute to the level of understanding of this process.  

Map reading is a complex process that can be divided into various levels of complexity. One of the most basic tasks 
performed on the map is a visual search when the participant needs to identify the required target (Nelson, Dow, 
Lukinbeal, & Farley, 1997). The maps are in general complex mosaics of graphic layers. Especially the thematic maps 
consist of topographic background and thematic information. Usage of different graphic variables can enable various 
visual effects caused by the used colors, objects, collisions, etc. E.g., the pop-out' is documented if the target differs to 
other objects. (Lloyd, 1997). Another important issue is the position of target within the map field (Lloyd, 1997).  

Proceedings Vol. 1, 8th International Conference on Cartography and GIS, 2020, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

36



2. EXPERIMENTAL STUDY 

The aim of the study is the detailed investigation of the visual search task performed on the designed set of point 
symbols. The main focus will be on the influence of the pop-out effect and the relative position of the target within the 
map field.    

2.1 Participants and Apparatus 

Twenty four volunteer participants joined the study in total. Participants were university students of Masaryk 
University, Brno, Czech Republic. The participants were students of the social sciences or humanities (average age – 
21,8, M/F – 5/19).  

The data were be collected within the HUME Lab research infrastructure. The Hypothesis software was used for the 
time, and correctness recording (Šašinka, Morong, & Stachoň, 2017)and the SMI RED-m eye-tracking device was used 
for the eye movement collection.  

2.2 Stimuli and design 

The unique set of point symbols (divided into the three main thematic categories: Blue – transportation objects, Yellow 
- cultural objects, and BW – other objects) on the topographic background was used as a stimulus for the study (see 
selected examples on figure 1). Two particular exceptions were a single red sign for hospital and green for the 
Apotheke. 

 

Figure 1. The selected examples of used symbol set. (The transport - blue (left), cultural - yellow (middle) and the other 
category- BW (right)). 

The set of sixty map compositions (see figure 2) was created and presented to the participants using on the LCD 22” 
display screen. The respondents are instructed to locate and select (by mouse click) the given map sign as quickly as 
possible. The target map sign presented on the left side of the screen needs to be identified in the map field presented on 
the right side of the screen. There was no time limit.  
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Figure 2. The example of used stimulus (the target - left, map field - right). 

The main research questions are: 

• Are the colored categories of symbols inducing the pop-out effect in comparison to BW symbols?  

• Are the central positions of symbols advantage for the visual search task?  

• Is the red color the most prominent? Will the red symbol (hospital) score the lowest time? 

2.3 Results 

The data were collected on several levels. The time, correctness, and eye-tracking data were recorded and analyzed. The 
correctness was 100% in all of the collected datasets. Therefore it is not reported below.   

2.3.1 Time 

The average time necessary to fulfill the visual search task differs from 1,3 s. to 1,5 s. The differences are documented 
in the figure 3.  

 

 Figure 3. The average time (s) necessary fo fulfill the visual search task.  
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The more in-depth insight revealed that there were only colored symbols (no BW symbol) within twelve fastest 
identified symbols. Also, there were ten BW symbols within the twelve slowest identified symbols. This finding 
strongly supports the evidence of the pop-out effect. 

If we focus on the difference between the symbol groups (blue, yellow, etc. – see figure 1), we can observe the 
difference between the average time for each symbol category. The fastest, the participants identified the red symbol 
(hospital) followed by the blue and yellow symbol category.   

 

Figure 4. The average time necessary fo fulfill the visual search task for symbol categories. 

We can also focus on the relative position of the map symbol within the map field. The map field was divided into the 
nine sectors (see figure 5), which were evaluated separately. The results proved the advantage of the symbols situated in 
sectors 2 and 5. It supports the idea of the advantageous central position of the map symbol except for sector number 
eight. 

 

Figure 5. Nine sectors defined in the map field.  

2.3.2 Eye-tracking data 

The more in-depth insight into the visual search process was provided by the eye-tracking data. The primary focus was 
devoted to the most time-consuming stimuli. Namely, the stimulus ID 49 (vending machine, sector 8) and the stimulus 
ID 7 (restaurant sector 9)). The detailed trajectories are displayed in figure 6. There can be identified two different 
strategies.  

Proceedings Vol. 1, 8th International Conference on Cartography and GIS, 2020, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

39



1. In the case of stimulus number 49, the participant started the search on the target, then continued to the sectors 
5, 2, and 8 where the target was identified. The identification was followed by the final check to the target 
area.  

2. In the case of stimulus number 7, the participant started in the middle of the map field, followed by the search 
for the target and the search of the sectors 5, 2, 1, 4, and 9 where the target was identified. 

 

Figure 6. Eye-tracking data from the task number 49 (left) and task number 7 (right).  

3. DISSCUSSION AND CONCLUSIONS 

The presented study focused on the visual search tasks using the cartographic material as a stimulus bring reveal the 
potential of eye-tracking data in cartographic research. The designed symbol set varying in different graphic variables 
(e.g., shape, hue) was used as an experimental stimulus simulating large-scale maps. The results confirm the findings of 
previous studies, e.g. (Lloyd, 1997):   

1. The strong evidence of the pop-out effect, if the target stimulus visually differs from the topographic 
background and other symbols.   

2. The prominence of red color. 

3. The strong influence of the relative position of the target symbol. The symbols located in the sectors 5 (centre 
of the map) and the sector 2 (centre of the upper part of the map field) are identified faster to other sectors.  

The more in-depth insight into this effect was enabled by the available eye-tracking data. The various sequences of eye 
movements were identified. The results provide ques for a deeper understanding of the visual search in the process of 
map reading and reveal the influence of the graphic variables and the relative position of the target on the strategies 
used for the visual search task.  

Future possible extension of the study can be a focus on other variables as for example, the cultural background of the 
participants. Especially the effect of the different ordering of writing systems can bring different visual search strategies 
or the different roles of colors. 
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