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Abstract: Paper maps were widely used during centuries; however, these maps do not change dynamically regarding its 

use context, the user behaviour and the change in the representations through time. Considering the research related to 

digital cartography, maps started to be seen both digitally and in a dynamic way due to the application of static and 

dynamic visual variables. During the process of navigation supported by maps, the comprehension of certain cartographic 

symbols can be a complex task for people. When using representations for virtual environment, specifically the 

Augmented Reality (AR) and Virtual Reality (VR), an advantage is the complementing of the information communication 

through virtual objects, which reduces the cognitive effort to decode all the representation as in the traditional maps. Until 

now, several scientific investigations about adjusting the cartographic design aimed to personal and vehicular navigation 

maps in AR are being developed. However, few studies investigate the application of dynamic symbols in AR built from 

the dynamic visual variables of Cartography. In this way, the aim on this research is to classify the symbols that use the 

dynamic variables. In addition, verify the presence of these variables in Augmented Reality systems in mobile devices 

that use AR to represent spatial information in the context of personal navigation in an outdoor environment.  

Keywords: navigation, digital maps, dynamic variables, augmented reality (AR). 
 

1. Introduction 

Dynamic maps are also called maps with visual 

animations, to emphasize its difference in relation to static 

maps (Kraak; Brown, 2001). These maps are the 

consequence of the technological advance applied to 

cartography (Slocum et al., 2009). Still, they can be 

characterized by the continuous change in the presentation 

of phenomenon’s over time and/or space (Peterson, 1995). 

Thus, cartography categorizes dynamic maps in temporal 

and non-temporal (Peterson, 1995; Kraak, 1999). Dynamic 

temporal maps represent variations of attributes and 

feature locations on the map over time translated by the 

successive time transformations. On non-temporal maps, 

the dynamism of the phenomenon manifests through 

transformations of shape, position, among other visual 

variables (Peterson, 1995). 

The literatures regarding the dynamic symbols can the 

categorized in two groups, design and evaluation (Blok; 

Köbben, 1998; Harrower, 2007). The design of the map 

symbols involves the definition of dynamic and static 

variables, besides the ones with visual animation and 

interaction (Dibiase et al., 1992). The evaluation of 

dynamic maps may consider the evaluation of tools, the 

comparison of methods and the cognitive approach (Blok; 

Köbben, 1998; Harrower, 2007).  

Several researchers point the need to evaluate the 

efficiency of dynamic maps, as well as questions of visual 

attention (Griffin et al., 2006; Harrower, 2007). For this 

purpose, different types of dynamic representations 

include different manifestations of change. In studies of 

Griffin et al. (2006), readers answered faster and identified 

more correct patterns when using dynamic maps than 

when using static maps. According to Xiaofang et al. 

(2014), maps with animated and interactive functions can 

be more efficient than printed maps (static). This way, 

users can perceive the dynamic visual sense of the map’s 

feature, which can move to a spatial direction and/or its 

attribute can be transformed with the use of visual 

variables.  

Contrary to the results obtained by Griffin et al. (2006) and 

Xiaofang et al. (2014), to Opach et al. (2014), since the 

information shown in the dynamic components cause 

changes over time, users tend to spend more time looking 

at them, in comparison with the static component, in which 

the information is fixed. The discrepancies found in these 

studies can be explained by unequal and non-equivalent 

content of information during the experiment; interactivity 

levels of the user with the dynamic map; the possibility of 
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controlling the rhythm of the animation sequence ; the 

reader´s task ; if the animation was consistent with the 

process that intended to transmit. With the increase of 

usage of dynamic maps, it is required a deeper 

investigation about the processing of this type of visual 

information (Griffin et al., 2006; Harrower; Fabrikant; 

Goldsberry, 2008; Berney; Bétrancourt; 2016). 

Augmented reality (AR) can be defined as the mix of the 

real environment and virtual object’s sensorial perception, 

being possible to immerse and interact in a natural way 

with the natural environment and the virtual objects, 

aiming to improve the senses and abilities of its users 

(Azuma et al., 2001; Bobrich; Otto, 2002; Kán; Kaufmann, 

2012). According to Azuma et al. (2001), three basic 

characteristics of computing systems provided of 

augmented reality can be pointed: virtual elements and real 

environment combined; real time interactivity and 

processing; and to be conceived in three dimensions. 

Not only the AR exhibition system is dynamic by 

involving the constant change of scenarios for the user, but 

also the available symbols in AR can be dynamic. Among 

many aspects, this paper will approach the classification 

and perception of the visual variables used in cartography. 

For this purpose, three systems of Augmented Reality 

were used to verify which dynamic variables were present 

in these systems. The chosen systems were the Google 

Maps AR (Google Maps, 2021), the Maps AR (Maps, 

2021) and the AR GPS Drive/Walk Navigation (AR GPS 

Drive/Walk Navigation, 2021). All these AR systems are 

compatible with the Android system and can be used at no 

charge after its download in the official repository.  

2. Visual Perception of Dynamic Symbols 

Dynamic map production may consist of the sequential 

reproduction of images to create a film, process called as 

“flip-book” (Harrower, 2004). A second approach 

regarding the production of these maps can be presented 

by displays, in a smooth way and with more options of 

project. Its design consists in specifying numerically the 

appearance of dynamic objects (e.g.: size, direction and 

speed) (Harrower, 2004). From the point of view of design, 

literature regarding the dynamic maps recommends the use 

of smooth transitions in opposition to the “flip-book” 

(Lobben, 2003; MacEachren; Dibiase, 1991).  

The human visual system is capable of notice, track and 

foresee the movement. The movement of a symbol can be 

noticed only if its speed remains within a specific range of 

values whose system is sensible to. If it is too fast, it will 

difficult be visually noticed. Thus, the speed of the 

presentation must be slowed down so that the movement 

(capture) is visible. However, it is possible that the 

movement itself is not attracting the attention, but the 

detection of a new object in the visual field (Hillstrom; 

Yantis, 1994).  

For Dukaczewski (2014), some perceptive factors can be 

observed during the design of dynamic maps, such as: 

small periodic movements are usually better signs than 

colours or shapes in all visual field; movements with small 

visual amplitudes are highly detectable, while small 

amplitudes can present a slower time of reaction; slow 

linear movements can be detected with good precision, 

good response time and are not considered intrusive or 

distracting; update rates between 20 and 30 frames per 

minute are sufficient to induce the continuous movement 

perception (for “flip-book representations). Woods (1995) 

defined required criteria during the production of dynamic 

representations, especially to support the control and 

direction of human’s attention. These criteria are related to 

notions of accessibility in projects; provision of partial 

information in the interface; and cautions for the user’s 

mental economy while reading the visual representations 

without excessive cognitive effort.  

According to studies by Mayer (2002), the speed of 

dynamic symbols’ presentation can affect the cognitive 

processing of the dynamic information. Therefore, a high 

speed of presentation may enhance global events (that is, 

macro events), while slow speeds may enhance local 

events (that is, local events). Although, according to the 

authors, the movement’s perception appeared to be 

affected mainly by its content, and not by the speed of 

presentation.  

According to Wickens et al. (2004), the required attention 

to observe moving objects in the visual periphery may 

increase cognitive load or stress level to the observer. The 

reader’s cognitive effort can be reduced when some 

recommendations are adopted (Mayer e Moreno, 2003), 

such as: unload the excess of perceptive visual work when 

possible; segment the content through breaks; include pre-

training to the users; eliminate material that can be harmful 

to the visual perception such as complex transition; 

highlight the most important symbols via figure-

background segregation techniques; approximate in a 

temporal and/or spatial way the related contents; eliminate, 

when possible, the redundant information like those 

presented through texts and sounds; pay attention to 

cognitive characteristics for each user group.  

The visual perception of static and dynamic symbols in 

maps can be examined through the ocular tracking, statistic 

metrics or general data collection during experiments. 

Overall, the following cognitive evaluations can be used to 

examine the visual perception of static and dynamic 

symbols: visual fixation of symbols; usability evaluation; 

qualitative surveys/questionnaires (Wickens et al., 2004; 
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Iida, 2005; Poole et al., 2005; Pugliesi et al., 2013; 

Krassanakis, 2013). On visual fixation of symbols, six 

metric statistics have been considered in the analysis of 

each visual scene (Krassanakis et al., 2013). These metrics 

are based on measures of eye-tracking (the capture of the 

movements of the eyes), which include success metric 

(detection); duration metric (efficiency); percentage of 

duration metric (average percentage of required duration), 

number metric (mean number of fixations), percentage of 

fixation metric (mean percentage of the number of 

fixations), time until the first fixation (indicates the mean 

value of duration) (Poole et al., 2005; Liao et al., 2017). 

2.1 Classification of Dynamic Symbols  

The project of dynamic maps can consider the aspect of the 

dynamic graphic variables defined by DiBiase et al. (1992) 

and MacEachren (1995), as well as considering the 

variables with visual animation mentioned by Peterson 

(1995). Although there is a difference to designate these 

variables, it is understood that its meanings are similar. 

The synthesis of dynamic variables can be found in some 

research in cartography, such as the ones found in Peterson 

(1995), Dibiase et al. (1992), MacEachren (1995), Kraak 

(1999) and Blok (1999). 

Peterson (1995):  

• Size: change in the dimension of the symbol 

caused by changes in the attribute’s value; 

•  Shape: change in the way that symbol is 

presented; 

• Position: change in the location of the symbol; 

• Speed: change in the speed caused by the change 

range/interval;  

• Point of view: can be used to highlight or retreat 

a representation;  

• Distance: change in the scale; 

• Scene: disappearance, mixing and smoothing 

effects, to indicate transition; 

• Texture, pattern, hatching and colour: use of 

graphic visual variables. 

Dibiase et al. (1992): 

• Duration: associated to the number of units of 

time that a scene can be seen; 

• Change interval: proportion of magnitude of 

change in position (and attributes) between 

scenes, split by the duration of each scene; 

• Order: chronological order in which the scenes 

are screened. 

MacEachren (1995): 

• Moment in time: date in which the change in time 

occurs; 

• Frequency: number of times that a phase (scene) 

is repeated in a series of changes in space in 

relation to a time unit; 

• Synchronization: patterns of symbols that move 

at the same time and in an orderly manner.  

Kraak (1999): 

• Places: use of the variable(s) with position and/or 

speed visual animation; 

• Attributes: use of the variable(s) with the texture, 

pattern, colour and hatching visual animation; 

• Exhibition time: it is related to the moment which 

the reader observers the symbol, it can also be 

related to the change in time or date of the 

information that is exhibited on the display. 

Blok (1999): 

• Appearance/disappearance: existence or non 

existence of an object;  

• Mutation: change in the thematic attribute; 

• Movement: change in the location or position. 

The classifications proposed by these authors are directly 

related between themselves. For this purpose, it is possible 

to indicate that some dynamic variables proposed by a 

certain author correspond to other variables, classified by 

other authors. In this paper, it is proposed a new 

categorization of the dynamic visual variables, based on 

the considerations of the studied authors, as follow:  

• Duration: associated to the number of units of 

time that a scene can be visualized; 

• Frequency: number of times that a phase (scene) 

is repeated in relation to a unit of time; 

• Order: chronological sequence in which the 

scenes are shown; 

• Position: change in location/coordinate of the 

symbol; 

• Point of view: change in the symbol’s location on 

the screen, can be used to highlight or retreat a 

representation; 

• Distance: change in the scale; 

• Scene: effects of transition by disappearance, 

mixture and smoothing, existence or not of an 

object or scene;  

• Attributes: change in the thematic attribute, usage 

of visual graphic variables texture, pattern, 

colour, shape, size; 

• Moment in time: date in which the change in time 

occurs or moment in which the reader observes 

the symbol; 

• Synchronization: patterns of symbols that move 

at the same time and in an orderly manner.  
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3. Cartographic Applications with the Use of 

Augmented Reality Systems 

The Augmented Reality (AR) applied to Cartography may 

increase the interactivity in geographic visualization, once 

this tool has the capacity to provide a learning 

environment, where the user visualizes information in an 

effective way, over geographic surfaces that improve the 

effectiveness of multimedia presentations (Asai et al., 

2008).  

In cartography, several research involving AR are 

described for the most diverse applications, such as: 

visualization of collision between real and virtual objects 

(Aliaga, 1997); supporting drivers in dangerous roads 

(Scott-Young, 2003); visualizing interest points in 

traditional 2D maps (topographical charts) (Bobrich; Otto, 

2002); in urban turism with the help of transparent HMD 

glasses and navigation from GPS positioning (Grohs; 

Maestri, 2002); in a collaborative GIS (Geographical 

Information System) environment to visualize height data 

( (SRTM - Shuttle Radar Topograph Mission) (Hedley et 

al., 2002); using the Augmented Reality tracking (AR 

tracking) technology when projecting a map in a surface 

(e.g.: table) to manipulate the information with the hands 

without the need of using a mouse or keyboard (Sheldon; 

Hedley, 2002); in the projection of information of a certain 

region over a physical model (Ratti et al., 2004); on direct 

insertion of three-dimension models in images captured in 

an environment such as support to field survey, with the 

help of a GPS (Centeno et al., 2004; Centeno; Kishi, 2006; 

Centeno et al., 2009); on visualizing information about the 

mapping of Great Britain (Radburn, 2006); on obtaining 

properties measurements (Dunston; 2009); on describing 

touristic points (Linaza et al.; 2012; Yovcheva et al., 2014; 

Cranmer et al., 2018; Han et al., 2018); on the management 

of emergencies of a mixed reality, which demonstrated 

virtual evacuation simulations to environments built in real 

world (Lochhead; Hedley, 2019); on the use of UAV’s 

(Chakrabarty et al., 2016; Rohan et al., 2019); applied to 

games (Rauschnabel et al., 2017; Laine, 2018). 

3.1 Characterization of dynamic variables in 

Augmented Reality (AR) Interfaces used for navigation 

Several cartographic systems have become useful tools to 

define and indicate routes, used during navigation tasks for 

both indoor and outdoor environments (Nikander et al., 

2013; Epstein et al., 2017). Aiming to analyse the use of 

dynamic symbols in AR oriented to navigation, three 

systems were selected to support the research, among them 

Google Maps AR (Figure 2), Maps AR (Figure 3) and AR 

GPS Drive/Walk Navigation (Figure 4). These systems 

were selected for presenting the function of selection and 

projection of routes, display of routes through symbols in 

AR interface and for presenting dynamic symbols in its 

graphic projects. 

For the three systems used in this research, the task of 

tracing routes was accomplished during an experiment. 

The selection of route consisted in selecting two places 

located approximately 200m one from another, possible of 

being connected by a straight line, in other words, without 

the necessity of realizing curves during a route. For 

visualizing the scenarios, the Smartphone with the AR 

system already initialized was positioned between the 

beginning and end of the route. These points are located in 

a test area located at Federal University of Paraná – UFPR, 

in the city of Curitiba – PR. The test area was separated in 

three scenarios, simulating the steps of a route during the 

navigation process, being the start, middle and end of the 

route (Figure 1). A video with the screen recordings during 

the experiments can be found on: 

https://www.youtube.com/watch?v=KydIiTCk97o.  

 

 

Figure 1. Scenarios of the test area: start/beginning (a), middle (b) and end (c). 
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Figure 2. Screenshots of the Google Maps AR system for the scenarios:  start/beginning (a), middle (b) and end (c). 

 

Figure 3. Screenshots of the Maps AR system for the scenarios:  start/beginning (a), middle (b) and end (c). 

 

Figure 4. Screenshots of the AR GPS Drive/Walk Navigation system for the scenarios:  start/beginning (a), middle (b) and end (c). 

Proceedings of the International Cartographic Association, 4, 2021.  
30th International Cartographic Conference (ICC 2021), 14–18 December 2021, Florence, Italy. This contribution underwent 
single-blind peer review based on submitted abstracts. https://doi.org/10.5194/ica-proc-4-8-2021 | © Author(s) 2021. CC BY 4.0 License.



6 of 8 

4. Use of the Dynamic Symbols in the evaluated 

ARS  

To evaluate the use of the dynamic symbols in the ARS 

chosen for this research, the dynamic visual variables were 

previously grouped (Chapter 3) and the presence/absence 

of these symbols was marked on Chart 1. In this step, were 

considered the 2D/3D symbols projected in the AR 

interfaces and were not considered the own ARS intrinsic 

dynamic properties, such as change in the scenario 

(“scene” dynamic visual variable) captured by the 

smartphone camera.  

In Google’s maps, Google Maps AR, it is possible to see a 

change in the point symbol used to indicate that it is needed 

to change the scene (Figure 2a), in other words, to indicate 

the correct orientation to go through the route. There is a 

synchronization effect to increase the size of the white part 

(border) of the blue symbol. In figure 2b, it is possible to 

notice that the blue arrows change in size, but are constant 

over time, therefore, are static. Both the blue arrow and the 

street name are static, their position is fixed according to a 

certain location (predefined coordinate when plotting the 

route). Figure 2c is shown to the user when the correct 

route orientation is reached. The blue symbol with its 

white sync border disappears from the screen and appears 

a message to the user to continue the route direction.  In 

this moment, the map located at the bottom of the screen 

changes orientation as the user rotates the smartphone 

horizontally (0 to 360°). 

In Maps AR system, the change occurs in the compass’ 

arrow, as it can be noticed in Figure 3. Therefore, the 

symbol dynamism can be classified as change in the 

position dynamic variable (orientation). The map’s 

orientation is changed as the user rotates the smartphone 

horizontally. It is possible to notice that the blue arrows 

change their size, but are constant over time, thus, are 

static.  

The AR GPS Drive / Walk Navigation system was 

presented in Figure 4. It is noticeable the change in 

orientation in the green arrow located on the compass. To 

represent the change in the value of the user’s speed over 

the route, besides the change in the distance between the 

start and end point of the route, the dynamic visual variable 

used is attribute (shape). 

 

 

Dynamic Variables 
ARS 

Google Maps AR Maps AR AR GPS Drive 

Duration ✓   ✓  

Frequency ✓   ✓  

Order    

Position ✓  ✓  ✓  

Speed    

Point of View ✓   ✓  

Distance    

Scene ✓   ✓  

Attributes ✓   ✓  

Moments in time ✓  ✓  ✓  

Synchronization ✓    

Table 1. Use of Dynamic Symbols in ARS. 

5. Final Considerations 

From the analysis accomplished in this research, it was 

possible to notice the wide use of dynamic symbols in AR 

applications. More specifically, dynamic symbols used to 

represent route information in navigation processes.  

Through the comparative analysis between the selected 

systems, it was identified that the apps do not include even 

half of the existing visual variables for the creation of a 

visualization with dynamic symbols. These technological 

difficulties are presented today as a great impasse to the 

development of three-dimensional visualizations in 

perspective with the ability to communicate spatial 

information in a similar way to what is done by 

conventional maps. Thus, in the continuity of this research, 

we are discussing the adaptation of visual variables in view 

of technological limitations in order to circumvent these 

problems for users of 3D representations. 
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