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Resumo: 

A usabilidade dos mapas apresentados nos Sistemas de Navegação e Guia de Rota em 

Automóvel (SINGRA) pode resultar em sérios impactos na segurança no trânsito. Para a 

produção de SINGRA eficientes, a avaliação da satisfação do usuário tem consistido em um 

importante aspecto, uma vez que possibilitam os projetistas quantificarem a aceitação pela 

informação exibida no sistema. Um importante variável ao produzir mapas de SINGRA é a 

definição da escala. Um mapa em escala apropriada à demanda do motorista, por exemplo, à sua 

tarefa de navegação, pode auxiliá-lo a compreender rápido e facilmente a informação de 

navegação. Este trabalho avalia a preferência dos motoristas por mapas de SINGRA em 

diferentes escalas. Um total de 52 indivíduos participaram de um experimento simulado 

desenvolvido em um automóvel estacionado. Os mapas foram projetados em quatro diferentes 

escalas 1:1,000, 1:3,000, 1:6,000 e 1:10,000 para uma rota composta por 13 manobras. Para a 

produção dos mapas, aplicou-se os princípios da comunicação cartográfica, como agrupamento 

perceptivo, segregação de figura e fundo. De acordo com os casos estudados, conclui-se que os 

mapas nas escalas intermediárias (1:6,000 e 1:3,000) foram os mais aceitos entre os motoristas, 

comparados aos mapas nas escalas maiores (1:1,000) e menores (1:10,000). As escalas dos 

mapas de SINGRA deveriam ser definidas para auxiliar o motorista a identificar rapidamente a 

direção da próxima manobra e, simultaneamente, obter informação sobre o contexto da rota por 

onde navega. Outros resultados são apresentados e suas implicações discutidas.  

 

Palavras-chaves:  Navegação em automóvel, usabilidade, preferência dos motoristas, mapas em 

diferentes escalas. 
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Abstract:  

Usability issues of maps presented in-car Route Guidance and Navigation System (RGNS) may 

result in serious impacts on traffic safety. To obtain effective RGNS, evaluation of ‘user 

satisfaction’ with the system has played a prominent role, since designers can quantify drivers’ 

acceptance about presented information. An important variable related to design of RGNS 

interfaces refers to select appropriate scale for maps, since it interferes on legibility of maps. 

Map with good legibility may support drivers comprehend information easily and take decisions 

during driving task quickly. This paper evaluates drivers’ preference for scales used in maps of 

RGNS. A total of 52 subjects participated of an experiment performed in a parked car. Maps 

were designed at four different scales 1:1,000, 1:3,000, 1:6,000 and 1:10,000 for a route 

composed of 13 junctions. Map design was based on cartographic communication principles, 

such as perceptive grouping and figure-ground segregation. Based on studies cases, we conclude 

intermediate scales (1:6,000 and 1:3,000) were more acceptable among drivers compared to 

large scales (1:1,000) and small (1:10,000). RGNS should select scales for maps which supports 

drivers to quickly identify direction of the maneuver and, simultaneously, get information about 

surroundings of route. More results are presented and implications discussed 

Keywords:  in-car navigation, usability, drivers’ preference, maps at different scales. 

 

1. Introduction  

 

 

In recent decades, researchers in Human Computer Interaction (HCI) have become increasingly 

interested in the usability issues of maps presented by in-car Route Guidance and Navigation 

Systems (RGNSs) (Pugliesi et al. 2009; Ching-Torng et al. 2010; Ei-Wen Lo et al. 2011; Burnett 

et al. 2013; Ramos et al. 2014b). To receive information from the RGNS during driving, drivers 

must divert their eyes from the road, and this practice may have serious impacts on traffic safety 

(Wickens et al. 2004; Dalton et al. 2013). Thus, to reduce the risk of car accidents, RGNSs maps 

should offer high performance to both support drivers in navigation tasks and avoid visual 

distraction. 

High-performance navigation maps could have important implications on usability of RGNSs 

(Pugliesi et al., 2009). Because drivers can easily comprehend information on a map, decisions 

can be made quickly during driving tasks (Lavie and Oron-Gilad 2013). Conversely, problems 

with cartographic communication presented by an interface could affect driver experience with 

the system (Pugliesi and Decanini 2009) and cause distraction on the road (Kaber et al. 2012).  

To support drivers in navigation tasks and to improve the cartographic communication process 

between drivers and RGNSs, Marques et al. (2012) suggest that only relevant information should 

be presented on maps. This is because driving a car represents a hard task for drivers since they 

require processing several information simultaneously. Thus, when maps present exactly what 

drivers require in each part of journey it may be reduced drivers' mental overload. Additionally, 

Marques et al. (2012) suggest that the selected information should be shown as legibly as 

possible, and this means that the information selected for navigation maps should be presented 

according to cartographic principles to support communication between driver (the user) and 

map (the product). It is especially because this information is displayed on small screens from 

three to seven inches in dimension.  

One of the most important variables noted by the literature in the design of RGNSs maps 
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consists of the selection of the appropriate map scale (Uang and Hwang 2003; Li and Ho, 2004; 

Lee et al. 2008; Wu and Zhang 2009; Marques et al. 2012; Li et al. 2014; Ramos et al. 2014c; 

Ramos et al. 2014d). Scale is the variable that most significantly affects the legibility of a map 

because it determines the amount of information for the selected media to support a specific task 

(Dent et al. 2009; Slocum et al. 2009). 

The use of RGNSs has exponentially grown over the last three decades. However, researchers 

have shown that these systems still use a large range of scales for their maps (Dillemuth et al. 

2007; Ramos et al. 2014a). Moreover, these studies reveal that no guidelines exist to support the 

process of map scale selection. The scale chosen for RGNSs maps should provide visual balance 

for cartographic representations, which means avoidance of too much information or lack of 

information on the maps (Li and Ho 2004; Marques et al. 2012). To achieve this visual balance 

for RGNSs maps, Marques et al. (2012) recommend adjusting the amount of information relative 

to the system display size and according to the different stages involved in the navigation task. 

Among these stages, a principal item of interest is related to tactical task, which refers to 

preparation for the next maneuver (Michon, 1985; Pugliesi et al. 2009).  

Although the HCI literature has been traditionally focused almost exclusively on the 

effectiveness and efficiency of a system (Green et al. 1993; Liu 2001), the usability of RGNSs 

has been evaluated using both objective and subjective measures (Pugliesi et al. 2013). 

Currently, evaluation of ‘user satisfaction’ with the system plays a prominent role in the HCI 

research area (Pugliesi and Decanini 2009; Wakabayashi 2011; Ramos et al. 2014b). According 

to the International Organization for Standardization (ISO 9241-11 1998), ‘user satisfaction’ 

refers to one of three pillars of the usability evaluation process and is related to freedom from 

discomfort and a positive attitude toward the use of the product. 

Pugliesi et al. (2013) argued that user satisfaction is an important measure for the development 

of RGNSs interfaces because it allows designers to quantify driver acceptance of information 

presented by these systems. These authors also note that questionnaires and interviews are 

necessary to collect data for subjective preferences and characterize these data-collection 

methods as easy, rapid, and low cost. Thus, driver preference for scales used in RGNSs maps 

could support map design decisions and consequently improve the RGNS usability. 

This paper presents a preliminary study of driver preference for map scales used in In-car Route 

Guidance and Navigation Systems. The following questions are addressed: “Which scales are 

preferred by drivers for performance of navigation tasks supported by an RGNS?”, “What type 

of information with respect to different scales is most important for drivers in making 

decisions?” and “Do relationships exist among driver preference and spatial ability, experience 

with in-car navigation systems, educational background or gender?”. 

 

 

2. Method  
 

 

2.1 Subjects  
 

 

A total of 52 subjects (26 males and 26 females), with ages between 20 and 38 years (mean = 26, 

SD = 4.4), participated voluntarily in this experiment. All participants were residents of 

Presidente Prudente town located in Sao Paulo state, Brazil. To recruit subjects, the following 
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criteria were applied: valid driving license, regular driver for at least two previous years, and 

normal color vision. Subjects were divided into two equal-sized groups (group 1 and group 2) of 

13 males and 13 females. Group 1 started the task using maps at 1:1,000 (maneuvers 1 to 3), 

after maps at 1:3,000  (maneuvers 4 to 6), after maps at 1:6,000 (maneuvers 7 to 10) and finished 

the task using maps at 1:10,000 scale (maneuvers 11 to 13). Group 2 started the task in a 

different sequence, first maps at 1:10,000 (maneuvers 1 to 3), then maps at 1:6,000 (maneuvers 4 

to 6), after that maps at 1:3,000 (maneuvers 7 to 10) and then maps at 1:1,000 (maneuvers 11 to 

13). It was adopted two different sequences to present the maps across different scales to 

counterbalance the potential order effects. 

 

 

2.2 Questionnaire and test of spatial ability  

 

 

A questionnaire was designed to collect individual characteristics from the participants, i.e., 

educational background and information on the frequency of use of an in-car navigation system. 

A four-point scale was adopted to collect data on frequency of use of RGNSs: frequently (every 

week), occasionally (once a month), rarely (once or twice a year) and never (never used the 

system).  

Spatial ability was measured using the Santa Barbara Sense of Direction Scale (SBSODS) 

(Hegarty et al. 2002). This test consists of a 15-item survey that asks for agreement or 

disagreement with statements referring to orientation, navigation and map use via a seven-point 

scale. All participant responses were averaged for a single sense of direction score. Ethics 

Committee evaluated the procedures for human studies and allowed the current study 

development. 

 

 

2.3 Apparatus  

 

 

The experiment was performed during the day in a vehicle parked on the road. To enhance the 

driver’s attention and comfort during the test, the vehicle was maintained with the engine 

running and the air conditioner turned on. A small-screen display (tablet Asus) was used as the 

navigational tool, more specifically, a seven-inch monitor set up for a 1024 x 768 pixel display. 

The small-screen display was placed in the vehicle dashboard on the right side of the steering 

wheel to represent the Head-Up Display (HUD) position. This location enhances performance 

for drivers who use in-car navigation systems (Wittmann et al. 2006).  

The small-screen display was adopted to present the cartographic representations because 

although the maps for in-car navigation systems may be viewed on different platforms 

(smartphones, tablets, etc.), these systems commonly use small screens to present navigation 

information to drivers (e.g., screens smaller than seven inches). According to Li et al. (2014), 

one of the reasons refers to low cost of these small-screen displays and to be adequate to use 

inside vehicle. 
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2.4 Map scale selection 

 

 

Cartographic representations were designed at four different scales, i.e., 1:1,000, 1:3,000, 

1:6,000 and 1:10,000. These scales were chosen based on a set of criteria, i.e., display size used 

to present maps, types of navigation tasks developed during the driving task and scales adopted 

for commercial RGNSs maps. The display size limits the amount of legible information that can 

be exhibited on the map (Dogru et al. 2009; Marques et al. 2012). Moreover, Burnett (1998) 

argues that drivers require different types of information in navigating along a route. Marques et 

al. (2012) adopted the display size and kind of navigation task as criteria to design automatic 

multi-scale maps for an RGNS prototype because these authors noted that map detail depends on 

the type of navigation tasks and media size and on which navigation information is presented. 

Additionally, we assumed that the use of cartographic scales similar to those adopted for the 

commercial RGNSs maps would facilitate the study of driver satisfaction with the level of map 

detail presented by these systems to support navigation tasks. Thus we used the results presented 

by Ramos et al. (2014a) on map scales adopted for RGNSs maps commercialized in different 

countries (including Brazil) to select the scales for the cartographic representations in this work. 

However, it should be clear that the experiment would not measure the driver satisfaction for 

maps of commercial RGNS. 

 
 

2.5 Experimental route 

 

 

Navigation tasks occur in different cities of the world and on distinctive types of roads. To 

ensure that the cartographic representations showed a variety of types of urban roads, the set of 

criteria recommended by Pugliesi et al. (2009) was used to select the experimental route. These 

criteria included the traffic flow direction (one-way or two-way), the location of the roads (e.g., 

residential or central), the complexity of the maneuver (e.g., simple or complex) and the physical 

properties of the roads (width, length, etc.). 

The experimental route is located in Alvares Machado town, which is situated next to Presidente 

Prudente. Subjects were able to participate of experiment only if they were not familiar with 

Alvares Machado city. It was imposed for drivers to avoid that the prior knowledge of the route 

interfered in the experiment results. The route is composed of 13 decision points throughout its 

3.4km length. These decision points were classified as simple or complex maneuvers. Simple 

maneuvers are decision points at which the driver is provided with the navigation choice of 

turning right or left (Pugliesi et al. 2009). Complex maneuvers are decision points at which the 

driver is provided with several navigation choices that could make the decision process more 

difficult (Labiale 2001; Pugliesi et al. 2009).  

Roundabouts are an example of complex maneuvers because they contain multiple exits. The 

experimental route includes three roundabouts with multi-exits. The route was divided into four 

similar parts in such a manner that each part was represented with a different scale, as shown in 

Table 1. 
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Table 1: Attributes of maneuvers in the experimental route and presentation order of scales for 

each driver group. 

 

 

 

2.6 Cartographic representations 

 

To evaluate driver preference for the RGNS map scales, a set of cartographic representations 

were designed at four different scales (1:1,000, 1:3,000, 1:6,000 and 1:10,000) to support the 

navigation tasks in an urban route. Representations at small scales were derived from an accurate 

cartographic database at a scale of 1:1,000 by applying generalization techniques. All 

cartographic representations were constructed using ESRI ArcGIS software. Figure 1, Figure 2 

and Figure 3 show the set of representations which the first (Figure 1 and Figure 2) and the 

second group (Figure 3) group of drivers saw respectively. We adopted two different sequences 

to present representations across four scales to counterbalance the potential order effects. 

To design cartographic representations at different scales, we applied seven fundamental 

operations of generalization: selection, collapse, exaggeration, displacement, aggregation, 

symbolization and abbreviation. The information elements selected for cartographic 

representations at different scales are car (RGB=255,0,0), route (RGB=0,0,0), direction arrow 

(RGB= 0,255,0), railroad (RGB=230,0,200), street name (RGB= 0,0,0), and road network. 

Roads were divided into main (RGB=255,166,0) and secondary (RGB= 255,255,255) roads. 

According to the literature review, this set of elements represents the most important map 

elements used to support drivers in navigation tasks (Burnett 1998; May et al. 2003).  
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The collapse operation was applied to represent the road network (e.g., Figure 3a). The collapse 

of a road into a single line at smaller scales allowed reduction of the amount of detail displayed 

on maps at scales of 1:6,000 and 1:10,000. Exaggeration is one of the more commonly applied 

generalization operations in which the aim is to amplify a specific component of an object to 

maintain clarity in the scale reduction (Slocum et al., 2009). The exaggeration operation was 

applied to represent the route element. A route consists of several segments that the driver will 

traverse during a journey (Lee et al., 2008). Thus, exaggeration of the route size on the map 

might allow drivers to more easily identify their locations in the road network.  

The displacement operation was applied on a railroad element to separate it from the route when 

represented at scales of 1:6,000 (e.g., Figure 3f) and 1:10,000 (e.g., Figure 3d). The railroad was 

selected in the RGNS maps to provide spatial context for drivers. The displacement operation is 

used to counteract problems that arise when two or more map elements are in conflict due to 

proximity, overlap or coincidence (Shea and McMaster, 1992).   

The direction arrow on RGNS maps intended to highlight the maneuver direction to aid drivers 

in understanding how to travel in the correct direction (Pugliesi et al. 2009). On the experimental 

route, if maneuvers were located close each other, coalescence between direction arrows 

occurred in the scale reduction. Shea and McMaster (1992) argue that many instances occur in 

which the density of points within a region prohibits symbolizing them individually within a 

map. Thus, to maintain the legibility of the map, the aggregation operation was applied to 

represent the direction arrow (e.g., Figure 3b). Because this operator involves the merging of 

multiple point features (Slocum et al. 2009), two direction arrows were merged into only one 

direction arrow.  

The symbolization operation was applied after application of the collapse and aggregation 

operations. Additionally, the symbolization operator was applied as an independent operator to 

represent the arrow direction in the scale reduction. Figure 2f exemplifies a direction arrow 

before application of the symbolization operation, and Figure 3e shows the result.  

Finally, the abbreviation operation was applied to label the street names on maps exhibited 

across four different scales. The results of this application are shown in Figures 1g, 1l, 2c and 2f. 

It must be noted that other street names are omitted on maps if they are not labeled as main roads 

or secondary roads directly linked to the chosen route. 

To minimize the effect of design choices (information selection and symbolization) and to ensure 

that the main effect evaluated in the experimental procedure is the map scale, the cartographic 

representations were designed to display not only a consistent level of information across the 

four scales but also an equivalent map design across the variation of map scales. The map design 

was based on perceptive grouping and figure-ground segregation as noted by MacEachren 

(1995), Dent et al. (2009) and Slocum et al. (2009) for cartographic communication principles 

that should be considered in the design of maps. Additionally, driver preference for the color of 

the route and direction arrow were considered and adopted in the RGNS maps (Ramos et al. 

2014b).  

Cartographic representations were presented in heads-up orientation (egocentric view) and 

orthogonal view (2D maps) similar to the RGNS prototype developed by Marques et al. (2012). 

Navigation system manufacturers often allow drivers to choose between navigation displays with 

an orthogonal view (2D map) or a perspective view (3D map). Lin et al. (2010) argue that the 3D 

representations of RGNSs developed by the industry require much more improvement to the map 

design for better efficacy. 

Cartographic representations presented using the orthogonal view depict the car reaching the 

decision point 100 meters before the next maneuver. This distance was chosen to represent the 
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tactical task according to previous work (Pugliesi et al. 2009; Marques et al. 2012). Although the 

navigation task involves different stages, we decide to simulate only the tactical task in this work 

because it is considered the most critical stage in navigation tasks. Because the tactical task 

consists of preparing to perform the maneuver (Michon 1985), it could overload the driver’s 

cognitive and perceptive processing systems (Kaber et al. 2012).  

To indicate the beginning of a tactical task in the navigation task, a beep was generated by the 

tablet’s audio system. A total of 13 beeps were presented along the route, one before each 

maneuver. To simulate the car moving along the route, a set of cartographic representations was 

presented using Microsoft PowerPoint software. Each map along the route was shown for a 

duration of five seconds. This approach has been used in other studies related to the usability of 

in-car navigation systems, e.g., Pugliesi and Decanini (2009) and Ramos et al. (2014b).  

 
Figure 1: Representations from the first through sixth maneuvers presented to the first group of 

drivers, as shown in Table 1. 
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Figure 2: Representations from the first through sixth maneuvers presented to the first group of 

drivers, as shown in Table 1 
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Figure 3: Representations of the first through sixth maneuvers presented to the second group of 

drivers, as shown in Table 1. 

 

 

2.7 Procedure 

 

 

The experiment was applied individually and took 20 minutes to complete. First, drivers entered 

the car, and the experimenter explained the purpose of the test. Next, drivers completed the 

questionnaire for individual characterization and the spatial ability test (SBSODS). Drivers were 

asked to sign a consent form before the experiment began. To familiarize drivers with the beep 

and the scales selected for the cartographic representations, the experimenter explained how the 

beep worked and presented examples using certain visual maps with different scales.  
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Before beginning the simulation, drivers were asked to assume that they would be taking a 

journey by car in an unknown town using an RGNS that presents maps at different scales. 

Drivers were also instructed to assume that they were driving, and thus, they should pay close 

attention to the road. To increase driver attention to the test, after hearing the beep, drivers were 

instructed to verbalize the maneuver direction as understood from the map. Finally, to simulate 

the journey, the experimenter presented the cartographic representations to the driver for five 

seconds each to simulate the car motion along the route. 

After finishing the simulation, the experimenter asked the following question: “Among the scales 

shown (1:1,000, 1:3,000, 1:6,000 and 1:10,000), what would be your order of preference, from 

first to fourth, for a navigation task using the RGNS and why?” Asking for drivers to justify the 

reason for scale choice was important to identify the scales that might have the potential to 

improve legibility of RGNS maps according to maneuver complexity. All driver preferences and 

opinions were collected using an audio recorder and questionnaire. 

 

 

2.8 Dependent and independent variable and Statistical analysis 

 

 

The dependent variable is related to the preference for four map scales. The independent 

variables are the factors related to the subject’s group and individual characteristics, i.e., spatial 

ability, experience with RGNS and educational background. Gender was taken as a group 

characteristic.  

Data were processed using SPSS 16.0 (Statistical Package for the Social Sciences Software) and 

a confidence level of 95% (significance level less than or equal to .05). According to the 

distribution of the data, either parametric (2-sample T-test) or nonparametric analysis (chi-

squared test - 2, Friedman test - χ2r or Cochran’s Q test) was used as recommended by Conover 

(1999). The Kolmogorov–Smirnov Z-test indicated that only the spatial ability data presented a 

normal probability distribution (p=0.2). 

 

 

3. Results  

 

3.1 Map scale preference 

 

 

A comparison among maps was conducted to identify the order of preference for the four 

different scales of 1:1,000, 1:3,000, 1:6,000 and 1:10,000. As shown in Figure 4, maps at the 

1:6,000 scale were the most preferred for support of in-car navigation tasks. According to the 

drivers’ comments, maps at this scale helped them to quickly and easily identify the direction to 

take for each maneuver.  

In the second place, the maps at 1:3,000 and 1:6,000 scales were the two most preferred among 

drivers (Figure 4). The least preferred map was at 1:1,000, occupying the fourth place for more 

than 90% of drivers. These results suggest that, to perform the navigation task, drivers preferred 

map scales in the following order 1:6,000, 1:3,000, 1:10,000 and 1:1,000. To corroborated that 
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this order of preference by navigation maps is not random, the Friedman test was applied and the 

results (χ2r=104.15, p<0.0001) could be confirmed. 

 
Figure 4: Order of preference for the four different map scales. 

 

3.2 Individual characteristics 

 

Considering all 52 subjects, the mean score obtained for spatial ability was 4.175 (SD=0.46). 

The 2-sample test was conducted to compare the mean score between two groups of drivers 

(group 1 x group 2). The results did not reveal a significant difference (t=1.169; p=0.248), which 

indicates that both groups had quite similar spatial abilities. Thus, this result implied that the 

results of subjective preference for map scales are not dependent on differences in spatial ability.  

The results from the 2-sample test also showed that the drivers' spatial ability was not related to 

either their gender (t=0.743; p=0.461) or educational background (t=-0.610; p=0.545). However, 

this test (t =2.469; p=0.017) suggested that drivers who frequently or occasionally use navigation 

systems displayed higher spatial ability scores than those who rarely or never used this type of 

system. Educational background was divided into two classes: A (32) and B (20). Class A was 

composed of subjects who had professional skills in map making, i.e., survey engineer, 

environmental engineer, geographer, architect and geologist, and class B was composed of 

subjects with no professional background in map making. 

To verify the relationship between subjective preference for map scales and driver gender or 

individual characteristics, the Chi-square test was performed. The comparisons showed no 

significant relationship between those factors and the map scale (p>0.05). Thus, this result 

implies that gender (2 =2.073, p<0.355), educational background (2 =2.551, p<0.279), spatial 

ability (2 =1.198, p< 0.549) and experience with navigation system (2 = 0.755, p<0.685) had 

no effect on the drivers' preference for the scales.  

 

 

3.3 Information categories for maps of in-car navigation systems 

 

The opinions provided by the 52 participants on each cartographic scale were analyzed in detail. 

Each type of navigation information provided to the drivers was classified into five different 

information categories (Table 2): ‘Direction of the next maneuver (DNM)’, ‘Current location on 

the route (CLR)’, ‘Distance remaining until the next maneuver (DRM)’, ‘Information on the next 
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maneuvers (INM)’, and ‘Information on general surroundings of the route (IGS)’. These 

categories were defined based on the categorization scheme proposed by Burnett (1998) and 

May et al. (2003).  

The use of these five categories allowed us to understand the 'context of driving' for the drivers 

and to identify what type of navigation information they require from RGNS maps. According to 

Dey (2001), ‘context of driving’ refers to the information from the environment that is most 

important to drivers in navigation. Table 2 presents the categorized navigation information and 

examples of comments provided by the drivers. 

Table 2. Information categories and examples of comments provided by drivers. 

 

In this stage of work, two analyses were carried out. The first analysis was conducted to 

understand the intra-category relationships, i.e., to identify the types of information that were 

more frequently mentioned by drivers independent of the chosen scale. The second analysis was 

conducted to understand the relationship between the information categories and the scales. 

Figure 5a shows that ‘Direction of the next maneuver’ (DNM) and ‘Information on general 

surroundings of the route’ (IGS) were the two categories with the highest frequency of use, and 

Cochran’s test revealed that these results were significant (Q=97.97, p<0.0001). 
 

 
         (a)                                                                                  (b) 

Figure 5: Information categories reported by all 52 participants (a), and information categories 

reported by participants who preferred maps at the 1:6,000 or 1:3,000 scale (b). 
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The second analysis determined the most frequent categories used to explain preference for the 

1:6,000 and 1:3,000 scales. For those drivers who selected 1:6,000 as the preferable map scale, 

DNM and IGS are the most frequently mentioned categories (Figure 5b). For those drivers who 

selected 1:3,000, the highest frequency occurred for the DNM category. The use of these 

information categories was significant for 1:6,000 (Q=72.08, p<0.0001) and 1:3,000 (Q=97.61, 

p<0.0001), as indicated by Cochran’s test.  

The lowest preference for 1:1,000 was justified due to the lack of DNM (67%), IGS (46%) and 

DRM (44%) information. Moreover, the driver comments for maps at the 1:10,000 scale 

primarily concentrated on the DNM and CLR categories. Positive and negative driver comments 

on the four scales adopted in this work are shown in Table 3. 

 

Table 3: Driver comments on the map scales. 
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4. Discussion  

 

The results of the experimental procedure revealed that driver preference for map scale is not 

random. Drivers preferred to visualize maps at 1:6,000 to perform in-car navigation tasks using 

an RGNS. According to their comments, the 1:6,000 scale is correct for RGNS maps because it 

supports identification of the direction of the next and subsequent maneuvers and supplies 

information on the surroundings along the route. These results imply that a navigation map at the 

1:6,000 scale establishes a proper relationship between the spatial information along the route 

and the details of the maneuver directions.  

Considering the model proposed by Ross and Burnett (2001) in terms of how navigation occurs 

during a driving task, it is interesting to note that maps with a visual balance might support the 

driver at different stages of the navigation task, i.e., preview, identification, confirmation, trust, 

and orientation, and Figures 2e and 2f illustrate maps designed at 1:6,000 that might aid drivers 

in these different stages of the navigation task. The high frequency of ‘Direction of the next 

maneuver’ and ‘Information on general surroundings of the route’ categories appears to confirm 

these findings.  

Another result obtained from the experimental procedure showed that the second most preferred 

cartographic representation was the 1:3,000 scale. Drivers noted that the main advantage of maps 

at this scale is that they support clear identification of the direction of the next maneuver. 

According to driver comments, this type of map is relevant primarily for roundabouts (Figure 2g 

and 2h). Drivers also mentioned that maps at 1:3,000 establish a proper relationship for the 

distance between car position and the next maneuver location compared with maps visualized at 

the 1:10,000 scale (Figure 3d). Two factors might explain why maps at 1:3,000 were not the 

most preferred. First, drivers visualized a total of approximately two blocks and half in the 

display, and this view reduced the information on the spatial context of the route. According to 

Burnett (1998), drivers require information on the general surroundings of the route to maintain 

and trust their orientation during the navigation task. The second factor is that drivers could not 

visualize the subsequent maneuvers on the route when maps were displayed at 1:3,000 (Figure 

2f). These two factors were confirmed by the low use of IGS and INM categories compared with 

the same categories used for maps at the 1:6,000 scale (Figure. 4b).  

Cartographic representations at the 1:10,000 scale also present certain advantages to drivers in 

different stages of the in-car navigation task. When visualizing a map at this scale, drivers not 

only can identify the direction of the next maneuver and the distance remaining until the 

junction, but they also can analyze the layout of the following maneuvers of the route and the car 

position. However, a certain disadvantage of maps at the 1:10,000 scale is that they contain too 

much information, i.e., blocks and roads are shown on the map (Figure 1d). Other disadvantages 

are related to legibility problems that occurred on maps at 1:10,000. As illustrated in Figure 3b, 

the direction arrow and car symbol are merged, and these legibility problems do not support the 

drivers in the preview and identification stages because they affect both the distance until the 

next maneuver and the car location information on the route. 

Both overload of information and legibility problems might result in complex maps, and this 

complexity might explain the low rate of preference obtained for the 1:10,000 scale (Figure 5). 

According to driver comments, maps showing a high number of elements (similar to maps at 

1:10,000) make it difficult to obtain information on the maneuver direction. Difficulties related 

to the comprehension of maneuver directions on RGNS displays could negatively affect driver 

performance in the task. Drivers reported that if they had to drive using a map at a 1:10,000 
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scale, they either would reduce the vehicle speed or likely make more numerous ‘navigational 

errors’. 

Among the four scales used in this work, the 1:1,000 scale was the worst option adopted for 

RGNS maps, according to driver comments (Figure 5). First, this scale allows no time to prepare 

for the next maneuver. Drivers complained that maps at this scale do not aid in the navigation 

task because the layout of the next maneuver cannot be visualized at the beginning of the tactical 

task (Figure 1b). Second, drivers argued that it was confusing to hear the beep without seeing the 

arrow direction for the maneuver on the map. Morett et al. (2009) argued that the information 

communication process is more effective when different modalities, i.e., visual and auditory, are 

used in combination. Performing an in-car navigation task using maps at 1:1,000 scale would 

likely not aid drivers in answering questions such as ‘Am I near the next maneuver?', ‘When 

should I turn?' and 'What is around me?'. Large scales appear to support drivers in particular 

situations of the navigation task, i.e., maneuver performance (Figure 2c), but not the 

identification stage (Figure 1c). Thus, the lack of synchrony between visual and auditory 

modalities and the fact that maneuver directions cannot be visualized at the beginning of the 

tactical task might explain why maps at the 1:1,000 obtained the lowest rates of preference 

among drivers. 

The results of the experimental procedure also revealed that the most frequently reported 

information categories were ‘Direction of the next maneuver’ and ‘Information on general 

surroundings of the route’. These findings suggest that the main concern of drivers is related to 

the identification stage (DNM) and the trust and orientation stages (IGS). This work corroborates 

findings from previous research i.e., Dingues and Hulse (1993); Ross et al. (1996), Burnett 

(1998); May et al. (2003), Wu and Zhang (2009) and Lavie et al. (2011).   

 

 

5. Conclusions and Recommendations 

 

 

This paper presented a preliminary study on driver preference for scales used in maps for in-car 

route guidance and navigation systems. Four different questions were addressed in this work, and 

all questions were answered based on a controlled experiment performed with a group of drivers.  

We concluded that driver preference for scales adopted on RGNSs maps was not related to 

gender, educational background, spatial ability or experience with the navigation system. Based 

on the evidence presented in this paper, we infer that drivers are required to clearly and quickly 

identify the direction of the maneuver and simultaneously receive information on the 

surroundings of the route to improve their spatial context in the navigation task. Therefore, the 

scale selected for RGNS maps should be one that supports drivers in quickly identifying those 

categories of information that are most important to performing a successful navigation task. 

Based on the study cases, we concluded that intermediate scales, i.e., 1:6,000 and 1:3,000, were 

more acceptable among drivers compared with large (1:1,000) and small (1:10,000) scales. This 

preference occurred because the use of a map at a scale larger than 1:3,000 did not support 

drivers in the preview stage because they not could form a mental image of the maneuver layout. 

The use of a map at a scale smaller than 1:6,000 did not help the drivers in the identification 

stage because the maneuver's legibility was reduced on the map.  

Because quantifying driver acceptance of information presented by RGNSs is a rapid and low-

cost procedure, it can be concluded that subjective preference is an important measure that 

should be considered by designers in the process of usability evaluations for RGNS maps. Driver 
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opinions not only note the problems of cartographic communication on maps, but drivers also 

can report what types of information they must receive from the maps for processing the in-car 

navigation task. 

Although our results are promising for the determination of the initial performance of maps used 

in RGNSs, further evaluation it is still needed to determine map usability in terms of objective 

measures, i.e., navigational errors and visual demand, because these are measures strictly related 

to the performance of drivers in a navigation task. Thus, we suggest field tests or driving 

simulator tests in which drivers can follow the route tasks using the maps designed in this work. 
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