DOI 10.1590/s1982-21702024000100014

ORIGINAL ARTICLE

A proposal and preference evaluation of route line design for
Augmented Reality (AR)

Fabricio Rosa Amorim? - ORCID: 0000-0002-6670-2131
Marcio Augusto Reolon Schmidt! - ORCID: 0000-0003-2716-2360

1 Graduate Program in Geodetic Sciences (PPGCG), Federal University of Parana (UFPR), Curitiba-PR, Brazil.
E-mail: fabricioamorimeac@hotmail.com, marcio.schmidt@gmail.com

Received in 13t January 2024.
Accepted in 12t July 2024.

Abstract:

Augmented Reality (AR) seamlessly integrates the real environment with virtual objects, enriching users’ information
perception. The application of AR in personal and vehicular navigation tasks facilitates the evolution of navigation
systems from two-dimensional (2D) to three-dimensional (3D) representations, incorporating an egocentric
viewpoint. Spatial knowledge, specific navigation objectives, navigational skills, and the navigational symbols plays
pivotal roles in map utilization, encompassing self-localization, proximity, navigation, and event awareness. The
representation of symbols in navigation tasks relies on static and dynamic or animated visual cartographic variables.
In this context, our research focuses on evaluating symbols used for depicting routes and landmarks in AR systems
during personal navigation tasks. The experiments investigated the representation of routes, exploring variations in
route line thickness, the presence or absence of border-color, fill color, and the speed of arrows moving along the
route line. The findings of the study reveal that thinner route lines significantly contribute to enhance perception
of surroundings, blue fill color exhibit superior performance compared to traditional navigation system colors,
and volunteers noted that the arrow animation speed noticeably affected their perceptions of elements within
the scenario. These insights contribute to understanding of how visual variables influence user preferences and
experiences in AR-based navigation tasks.
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1. Introduction

Augmented Reality (AR) is defined as the amalgamation of the real environment with virtual objects to
enhance and supplement the information perceived by users, fostering a sense of immersion and enabling natural
interaction with both the real environment and virtual elements (Azuma et al., 2001; Bobrich; Otto, 2002; Kan;
Kaufmann, 2012). As delineated by Azuma et al. (2001), three fundamental characteristics distinguish computational
systems equipped with AR: the fusion of virtual elements and the real environment; interactivity and real-time
processing; and conceptualization in three dimensions. Notably, a fourth dimension, time, can be recognized as an
additional fundamental characteristic of such systems.

In recent years, AR has garnered attention for its diverse functionalities and applications. Notably, AR has
found utility in supporting both personal and vehicular navigation, prompting a shift in navigation platform systems
from two-dimensional (2D) to three-dimensional (3D) representations. Instances of AR employed in navigation tasks
include the integration of augmented reality features in smartphone applications designed for personal navigation,
such as Google Maps (2023), Maps AR (2023), and AR GPS Drive/Walk Navigation (2023). This evolution in navigation
technology has led to the emergence of the Visual Position System (VPS), a prominent form of AR-based navigation
technology leveraging the capabilities of the human visual system (Bolter et al., 2013; He et al., 2020). One notable
advantage attributed to this form of representation is its potential to alleviate cognitive load compared to traditional
2D maps, owing to its closer resemblance to the visual perception of the real world (Dong et al., 2021).

Darken et al. (2001) assert that navigation as the cognitive process through which individuals ascertain
both their relative spatial position and the positioning of other elements within the landscape. Subsequently, this
acquired spatial awareness is utilized to strategize and execute movements towards destinations. This multifaceted
process of navigation can be categorized into distinct user tasks, elucidated through cartography: self-localization
(“Where am I?”), proximity (“Where am | going to?”), navigation (“How can | get there?”), and event (“And now?”)
(Borenstein et al., 1996; Hunolstein; Zipf, 2003). However, significant variations exist in individuals’ navigation
behaviors, potentially stemming from differences in spatial knowledge levels, diverse navigational objectives, and
variations in navigational proficiency (Golledge et al., 2000; Tverksy, 2018). Delving into spatial knowledge, the
geometric structure of environmental cognition encompasses discrete elements such as points (e.g., landmarks,
notable stationary features), lines (e.g., roads, routes, and networks), nodes (e.g., intersections), areas (e.g., regions
and neighborhoods), and volumes or surfaces (e.g., physical surfaces) (Lynch, 1960; Golledge, 1999).

In the realm of navigation and vehicular tasks, applicable to both indoor and outdoor settings, the utilization of
cartographic systems is indispensable for route definition and guidance (Dong et al., 2012; Nikander et al., 2013; Epstein
et al., 2017). In this pursuit, Cartography leverages visual variables to design cartographic symbols supporting navigation
tasks. Notable examples include lines denoting routes in navigation systems and Points Of Interest (POI). In the domain
of personal navigation, the simultaneous demands on attention and potential interferences from the real environmental
context, encompassing elements such as noise, people, and other vehicles, pose challenges when assimilating information
from maps. With technological advancements and their consequential applications in digital cartography, digital map
interfaces exhibit significant potential for the presentation, updating, and representation of dynamic content. These
interfaces are readily adaptable to individual user preferences (Paelke; Sester, 2010). In the design of maps, in particular
dynamic ones, the limiting factor is no longer the hardware, software, or data, but rather the constrained visual and
cognitive processing capacity of the map-reader (Harrower, 2007). In the specific context of personal navigation, a
paramount challenge resides in maintaining the user’s attention and orientation during movement.

Drawing upon the foundational insights provided by scholars such as Bertin (1983), Dent et al. (2009), and Slocum
et al. (2009) regarding the design of static cartographic symbols, a set of static visual variables were initially outlined
by Bertin (1960/1983) as position, size, shape, value, color hue, orientation and texture. In digital environments, the
representation of symbols extends beyond static visual variables to encompass dynamic variables (Dibiase et al., 1992;
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MacEachren; Blok, 1999; Kraak, 1999). DiBiase et al. (1992) identified three dynamic visualization variables (duration,
rate of change and order) and MacEachren (1995) added three more (display date, frequency, and synchronization).
Peterson (1995) distinguished the animated variables as size; shape; position; speed; point of view; distance; scene;
and texture, pattern, shading, and colour. This framework provides understanding of the elements essential for the
effective design and representation of cartographic symbols in both static and dynamic digital contexts.

While certain constraints, such as screen size limitations necessitating adaptation, are acknowledged (Baus
et al., 2005), transitioning from an allocentric to an egocentric view markedly enhances visualization quality
and fosters user trust in the representation (Dong et al., 2021). From the user’s point of view, situated in the
central field of the map, the cartographic representation’s coverage area is inherently more confined compared
to the 2D maps. Despite this limitation, there exists the possibility of overlaying pertinent information to
augment navigational support. In this context, the user’s egocentric view governs their orientation, aligning with
propositions by Burnett (1998) and Crundall et al. (2011), while the design of 3D symbols in perspective relies on
existing literature. Regarding map symbols, certain objects within a car driver’s visual field, such as traffic lights,
crosswalks, or bridges, may serve a more suitable POl to supporting navigation tasks for drivers (Burnett, 1998;
Burnett; Lee, 2005; Crundall et al., 2011). Conversely, a pedestrian’s focus tends to be directed towards different
urban features, influenced by their low speed of movement and distinct spatial realm. Consequently, buildings may
be deemed more fitting landmarks in the pedestrian navigational context (Ross et al., 2004).

Animations find common utility in scientific discourse, with their efficacy evaluated through usability assessments
yielding distinct outcomes (Castro-Alonso et al., 2019). Examination reveals that animations exert a moderately positive
impact on learning outcomes, particularly when conveying procedural knowledge, representational animations, and
high-fidelity animations, as compared to static images (Berney; Bétrancourt, 2016; Wagner; Schnotz, 2017; Ploetzner
et al., 2020). However, varying conclusions emerge from studies suggesting that the inclusion of extra information in
animations may diminish their efficiency and effectiveness. In the realm of Cartography, numerous researchers have
delved into designing recommendations for dynamic symbols (Harrower, 2007; Woods, 1995; Mayer, 2002; Mayer;
Moreno, 2003; Duckaczewski, 2014). Several criteria aimed at facilitating the control and direction of attention in
dynamic representations have been identified, encompassing factors such as accessibility (e.g., ensuring the user
can comprehend the information), information content (ensuring the sign provides sufficient information to direct
attention to the marked area), and mental economy (ensuring the representation is processed with minimal cognitive
effort) (Woods, 1995; Mayer; Moreno, 2003). Implementing these solutions visibly enhances the efficiency of content
presentation. By concentrating the user’s attention, it becomes feasible to reduce the effort required to locate
information essential for a comprehensive understanding of cartographic communication.

The visualization of cartographic content in AR necessitates meticulous consideration due to its demand for
dynamic real-time representation and synchronization with human visual processing (Coltekin et al., 2020; Wang et
al., 2022). Numerous scientific inquiries have been undertaken to assess the appropriateness of cartographic designs
tailored for AR, particularly focusing on personal and vehicular navigation maps. However, a noticeable gap exists
in the literature concerning the application and evaluation of dynamic and animated symbols in AR derived from
the dynamic and animated visual variables inherent in Cartography. In this research, the hypothesis is that static or
dynamic visual variables will distinctly influence visualization accessibility, consequently affecting the cognitive load
during navigation, even under diverse figure-ground separation contexts. Therefore, the route line representations
that best contribute to figure-ground separation and cause the least cognitive effort for reading and understanding
will be more accepted by users.

The primary aim of this research is to assess the application potential and identify the most pertinent aspects
of specific static visual variables (thickness and color hue) and animated variable (speed) within the domain of
Cartography, specifically in the representation of routes for personal navigation tasks using AR. This investigation
involved the evaluation of visual perception among 20 volunteer participants while performing four designated
tasks. The selected variables were thickness of the route line, route border-color, route fill-color, and the movement
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speed of directional arrow symbols along the route line. Collected data encompassed quantitative and qualitative
analyses of the participants’ performance, including the number of glances for choosing the representation, time of
choice, and participant comments.

2. Cartographic design for route line in Augmented Reality (AR)

The cartographic symbol design for this research aimed to evaluate four distinct representations of a route,
varying in: line thickness, border color, fill color, and arrow movement speed along the route line. To facilitate
the visualization of the 16 line projects conducted in the research, Figure 1 presents the four possible route line
designs for each task. This way, participants could view each line design in its entirety. The experimental setting for
designing these routes encompassed an external area of one of the teaching blocks within the Federal University
of Parana (UFPR), campus Centro Politécnico in Curitiba, Parana, Brazil, during November 2022. The experiments
were conducted in a controlled environment, free from noise, with adequate luminosity, within a closed room. To
simulate people’s egocentric perspectives while traversing the university blocks, four scenarios with sidewalks were
selected and recorded using a smartphone camera (Figurel).

The thickness of the route lines was designed proportionally to the sidewalk, offering four variations: 9%,
12%, 16%, and 19%, respectively (Figure 1a — strips A, B, C, and D). Consequently, it is discernible in the image that
both the sidewalk width and route thickness decrease by two-thirds as they move away from the lower central
point of the screen, the point of origin and orientation for the viewer, attributable to the camera perspective effect.
The route border-color design incorporated four color options: no border-color or the same filling color (RGB: 68;
114; 196); light gray (RGB: 167; 167; 167); dark gray (RGB: 167; 167; 167); and dark blue (RGB 47; 86; 154) (Figure
1b - strips A, B, C, and D). Options for the color fill of the route line encompassed green (RGB: 84; 30; 53); orange
(RGB:197; 90; 17); blue (RGB: 68; 114; 196); and red (RGB: 192; 0; 0) (Figure 1c - strips A, B, C, and D). The design for
arrow movement speed over the route line offered five gradual choices: 0.25 cm/s (slow); 0.30 cm/s; 0.35 cm/s; and
0.40 cm/s (fast) (Figure 1d - strips A, B, C, and D). For the variables of line thickness, route border-color and arrow
movement speed, the route fill color was standardized as blue (RBG: 68; 114; 196).

Figure 1: Scenarios of the experiments with the overlapping of the design of symbols to represent routes.
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2.1 Experiments

This research employed questionnaires to profile the participants and gather responses from experiments,
accompanied by the utilization of the Think Aloud protocol. For all tests, participants were presented with the
Free and Informed Consent Form and the terms outlining the usage and recording of audio and video during the
experiment. The research adhered to ethical standards by submitting all protocols to the Research Ethics Committee
at UFPR (Proc. 142253/2020-0) through the Plataforma Brasil system. The recordings and questionnaires serve
to capture users’ impressions and verbal expressions while interacting with the interface during the tests. The
participant characterization questionnaire comprised both open and closed questions, addressing participants’
experiences and the frequency of utilizing paper maps, online maps, and Augmented Reality (AR) for navigation
tasks. Additionally, it collected information regarding formal educational levels and ophthalmological characteristics.
The participant characterization and term-signing process took approximately 5 minutes.

To conduct the research experiments, two random groups were formed, each one consisting of 10 participants.
The distinguishing factor between the groups was the order task employed to visualize the scenarios, the order of
presentation of the representations in each task was the same among the groups. The test scenarios at the Federal
University of Parana - UFPR, involved observing the AR display on a smartphone and selecting the most suitable
symbol design to represent a route line to its destination, presented in AR. Four stages evaluated the proposed
cartographic symbology in terms of its semantic and legibility aspects, considering graphics, relative contrast,
positioning, and other variables. Before commencing each stage, the experimenter verbally explained the task for
approximately 30 seconds. The average time to complete the four stages, including the explanation segment, was
approximately five minutes, with variations of up to one minute.

2.2 Participants

A cohort of 20 volunteers, randomly selected, participated in the experiments, comprising 8 men and 12
women. The participants had an average age of 30.2 years (minimum = 25 years; maximum = 44 years; standard
deviation = 5.5 years). In terms of educational background, 10 participants held undergraduate degrees, while
the remaining 10 had master’s degrees, all in Cartography or related fields. The collection of ophthalmological
characteristics revealed that 16 participants did not use glasses, while 4 had myopia or astigmatism, necessitating
corrective glasses.

To gauge participants’ knowledge of using paper maps for navigation, 80% (16 participants) reported utilizing
such representations, particularly for road trips, touristic maps, and educational resources. Concerning the experience
with paper maps to perform navigation tasks, 20% of participants claimed a low level, 60% a medium level, and
20% a high level. All participants reported previous use of digital maps, primarily for short walks, trips, exploring
unfamiliar locations, estimating time taken to travel a route, and determining directions. Regarding experience with
digital maps, 10% reported a medium level, and 90% indicated a high level. Experience levels with AR indicated that
10% had no prior experience, 50% had low experience, and 40% had medium experience. Augmented Reality (AR)
usage encompassed applications like social media filters, plant and object identification, gaming, QR codes, and
product visualization. The level of experience in the use of AR indicated that 10% had no prior experience, 50% had
low experience, and 40% had medium experience.

Boletim de Ciéncias Geodésicas, 30: e2024014, 2024



A proposal and preference evaluation of route line design for Augmented Reality (AR) 6

3. Results

3.1 Evaluation of the line thickness to represent the route

In selecting the most appropriated line thickness to represent the route, four incremental options were
considered, the first at 9%, followed by 12%, 16%, and 19%. Task results revealed that twelve users (60%) opted
for the 9% thickness, while eight users (40%) selected the 12% thickness. None of the users chose the 16% or 19%
thickness. Descriptive statistics pertaining to the choice of the best thickness indicated an average of 1.4 and astandard
deviation of 0.505, this suggests higher preference for the smallest thickness among participants. Concerning the
number of times participants observed all options (number of glances) to decide the most appropriate option, 40%
(8 users) made their selection after one glance, 20% (4 users) after two glances, 30% (6 users) after three glances,
and 10% (2 users) after four glances. The mean number of times to observe was 2.1, with a standard deviation of
1.08, highlighting that participants typically needed one or two times observing to make the choice for the task.
On average, users spent 25 seconds making this decision, with a standard deviation of 6.9 seconds, and minimum
and maximum times of 13 seconds and 35 seconds, respectively. Examining data distribution, values for choosing
the best thickness, the number times to observe and the time of choice exhibited no outliers, and the datasets
conformed to a normal distribution (p-values > 0.100) according to the Shapiro-Wilk test.

Figure 2 provides a graphical summary of the statistical analysis for this task. The boxplot (Figure 2a) illustrates
that the first thickness (9%) required fewer glances and a shorter time for selection, while the second thickness (12%)
required a wider variation in the number of glances and an extended observation time. The frequency histogram
(Figure 2b) with all answers, complemented by a line of normal distribution, suggests a propensity for a low number
of glances and an inclination towards an extended observation time.

Figure 2: Graphic Summary for the thickness of the route: boxplot (a) and frequency histogram with normal
distribution (b).

The feedback provided by participants in the experiment pertaining to the depiction of line thickness in the
route was subjected to analysis. In general, predominant observations underscore that the thickness of the route
line exerts an influence on the number of elements discernible within the landscape. Furthermore, it was noted
that line thickness can impact the perception of the object’s morphology. The utilization of a thinner line thickness
appeared to enhance the perception of the surrounding scenery, potentially facilitating more assured navigation.
It was observed that the thickness of the line extends over the image, thereby affecting the segregation between
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figure and background. This phenomenon results in the partial occlusion of the image and obstacles along the route,
as indicated by several comments. Consequently, lines with greater thickness contribute to increased obstruction.
Lines of either excessively thin or thick dimensions pose challenges in terms of visualization. Thinner lines afford a
greater contextual view and facilitate easier observation of surrounding objects, while thicker lines tend to dominate
the visual representation. An additional consideration is that the destination position was centered within the image,
but in practical applications, the user has the flexibility to alter this position while navigating the environment.
Consequently, variations in line thickness may exhibit considerable variability. The insights gathered during the task
execution are presented in Table 1.

Table 1: Summary of participants’ comments for the task of selecting route thickness

Comments

The smallest thickness does not take up much space on the screen

Too small makes it more difficult to view because it is thinning. When it increases, if it is too large, the beginning
and end of the route are very different. The notion of tapering is greater with greater thickness, it seems that it
is going on.

The greater the thickness, greater the discomfort and the feeling of covering the space to be followed and that
there may be a covered obstacle.

Thinner routes show more the representation context. Thicker routes seem to be the only element represented.

Smaller thickness allows visualizing and locating surrounding objects more easily.

3.2 Evaluation of the route border-color

The design of the route border-color was conceived to allow for the selection of four distinct color hues: no
border-color or with the same filling color (RGB: 68; 114; 196); light gray (RGB: 167; 167; 167); dark gray (RGB: 67; 67,
67); and dark blue (RGB: 47; 86; 154). The route border-color options analysis revealed that the participants chose
all alternatives. Specifically, 8 participants (40%) opted for the first choice (no border-color), 6 participants (30%)
favored the second option (light gray), 2 participants (10%) selected the third option (dark gray), and 4 participants
(20%) chose the fourth option (dark blue). The examination of the number of glances taken to determine the optimal
route border-color indicated that 6 participants (30%) made a single observation and reached a decision, while
10 participants (50%) required two glances and 4 participants (20%) engaged in three observations. On average,
participants needed 2.1 glances to make the best color selection, with a standard deviation of 0.7 glances. In the
overall context, participants spent an average of 16.7 seconds, with a standard deviation of 5.6 seconds, to complete
this task, ranging from a minimum of 10 seconds to a maximum of 25 seconds.

Concerning the distribution of data, no outliers were observed for the values associated with choosing the
optimal route border-color, the number of glances, and the time taken for the decision (Figure 3). The datasets
conformed to a normal distribution (p-values > for choosing the option and number of glances, p-value = 0.069 for
time) based on the Shapiro-Wilk test. Figure 3 provides a graphical summary of the statistical analysis for the route
border-color selection task. The boxplot (Figure 3a) indicates that the first border-color (no border) prompted a
higher number of glances, along with a more extended observation time. The second (light gray) and fourth options
(dark blue) exhibited a comparable number of glances, with the fourth option demonstrating a shorter observation
time and lower variability. The frequency histogram (Figure 3b), with a normal distribution line, suggests symmetry
for the number of glances and heterogeneity for the observation time of the task.
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Figure 3: Graphic Summary for the route border-color: boxplot (a) and frequency histogram with normal
distribution (b).

Table 2 provides an overview of the analysis conducted on the feedback from participants in the experiment
pertaining to the representation of the route border-color. Overall, predominant comments underscore a preference
for the blue hue, the option without a border-color, or the option featuring a gray border-color. Participants
expressed a preference for the blue border-color, citing its visual comfort and suitability as a symbol for the route.
Furthermore, it was observed that the use of dark-gray or white border-color may reduce the legibility with other
elements in the image, particularly the sidewalk pavement. Participants generally perceived the route symbol as
visually pleasing and more harmoniously integrated with the overall image. The addition of a light-gray border-color
was noted to enhance contrast and perception, while the use of distinct hue for the line fill and border-color could
contribute to an improved visual aesthetic.

Table 2: Summary of participants’ comments for the task of selecting the color of the route line.

Comments

Without a border-color it seems more united with the image, the other colors seem to be a separate object. The
other colors contribute with the three-dimensionality

The black like is similar to the end of the route symbol, white presents a lot of contrast. Without a border-color
is simple.

Without a border-color it is already possible to visualize the route and understand its reason. With a border-
color, the sense of reality is diminished and it loses the feeling of being a path, looking like a drawing and losing
its three-dimensionality.

The gray border-color increases the contrast and improves perception. Two hues look best, one of the lines and
one of the edges.

The gray border-color stands out more, the others are not very perceptive and do not attract attention.

3.3 Evaluation of the route line color fill

The initiative for color hue selection in filling the route line involved the consideration of four color hue options,
green (RGB: 84; 30; 53), orange (RGB: 197; 90; 17), blue (RGB: 68; 114; 196), and red (RGB: 192; 0; 0). In determining
the most appropriate filling color hue for the route line, participants chose for the orange hue on 6 occasions
(30%), the blue hue was chosen 10 times (50%), the red hue received 4 selections (20%). Among participants, 20%
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(4 individuals) made their choice after a single glance, while 50% (10 participants) required two glances, and 30%
(6 participants) engaged in three glances. On average, participants required 2.1 glances to complete the task, with
a standard deviation of 0.718. The collective time expended to select the best route color averaged 19.1 seconds,
with a standard deviation of 7 seconds, and a range from a minimum of 10 seconds to a maximum of 34 seconds.

No time values were identified as outliers and all datasets adhered to the normality curve with p-values lower
than 0.100 in the Shapiro-Wilk test. Figure 4 presents a graphical summary along with the statistical analysis of the
results derived from the task of selecting the route line color fill. The boxplot (Figure 4a) indicates that the second
(orange) and third (blue) options for route line color fill exhibited a lower number of glances and observation time
compared to the fourth option (red). Additionally, the second option (orange) displayed high variability, while the third
option (blue) showed low variability. The frequency histogram (Figure 4b), complemented by a normal distribution
line, suggests symmetry for the number of glances and heterogeneity in the observation time for the task.

Figure 4: Graphic Summary for the route line color fill: boxplot (a) and frequency histogram with normal
distribution (b).

Table 3 provides insights into participant comments, particularly concerning the semantics involved in selecting
the route line color fill. Notably, preferences varied among participants, with some favoring the blue hue due to its
common usage in navigation applications and its non-fatiguing impact on vision. In contrast, others expressed a
preference for colors hues like orange and red, citing their heightened visibility and ease of perception. Concerns
were raised about potential confusion with the green hue, often associated with vegetation, and the possibility of
the blue color blending into the sky. On a broader scale, it appears that traditional colors for representing routes
in road systems lean towards red and orange. However, the diversity of preferences and approaches suggests new
possibilities for route line color fill. The paramount consideration is the selection of a color hue that facilitates easy
identification and assists users in following the route safely and efficiently. Furthermore, contextual relevance is
crucial, emphasizing the importance of choosing a color hue that harmonizes with the visual elements of the image,
such as the asphalt in the street. This nuanced approach ensures a seamless integration of the route line within its
presented context.
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Table 3: Summary of participants’ comments for the task for choosing the route line color fill.

Comments

All colors are good to represent the route, blue does not tire the eyes and it looks like what the applications
already represent.

Prefer the blue because the red/orange is very discordant, very flashy. The blue matches more with the
proposal. It is possible to confuse green with vegetation and it does not harmonize.

The blue color is more common for representing routes. The green can be a problem in places with a lot of
vegetation, orange is too flashy, red is usually used for cycling routes.

The blue can blend with the sky, the green can be confused with the grass. Red and orange are more traditional
colors to represent paths in road systems, preferable.

The red color stands out among the others, attracts more attention and facilitates perception.

3.4 Evaluation of the arrow speed over the route line

The fourth task involved selecting the most appropriate speed for the animation of an arrow along the route,
a crucial aspect in guiding the map-reader to proceed along the indicated path. The design offered five options for
the speed of arrow movement over the route line: 0.25 cm/s (slow), 0.30 cm/s, 0.35 cm/s, and 0.40 cm/s (fast).
Results from this task indicated that 12 participants (60%) chose the first speed (0.25 cm/s), 2 participants (10%)
opted for the second speed (0.30 cm/s), and 6 participants (30%) preferred the third speed (0.35 cm/s). The higher
speed, represented by the fourth option (0.40 cm/s) was not selected. The average speed preference was 1.7, the
median was 1, and the standard deviation was 0.9.

In selecting the optimal arrow speed, 10 participants (50%) made their decision after a single glance, 2
participants (10%) required two glances, and 8 participants (40%) engaged in three glances. On average, participants
glanced the representations 1.9 times to complete the task, with a standard deviation of 0.9. The average glance time
for the representations was approximately 26.2 seconds, with a standard deviation of 10.7 seconds. The shortest
glance time recorded was 10 seconds, while the longest was 49 seconds. No glance time values were identified as
outliers and all datasets conformed to the normality curve, with p-values lower than 0.100 based on the Shapiro-
Wilk test. Figure 5 presents a graphical summary alongside the statistical analysis of the results derived from the
task of selecting the arrow movement speed over the route line. The boxplot (Figure 5a) indicates that the first
speed option exhibited a smaller mean in the number of glances and a shorter glance time, accompanied by greater
variability. The frequency histogram (Figure 5b), complemented by a normal distribution line, suggests asymmetry
in the number of glances and heterogeneity in the glance time for the task.
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Figure 5: Graphic Summary for the route filling color: boxplot (a) and frequency histogram with normal
distribution (b).

Participants were queried regarding their preference for visualizing a route with or without overlapping
directional arrows. Of the respondents, 16 participants (80%) expressed a preference for the presence of animated
arrows, while 4 participants (20%) preferred the inclusion of static arrows. The participants reported certain visual
disturbances when confronted with variations in the speed of the arrows along the line route, as perceived in
Table 4. Some participants highlighted the utility of arrows for individuals unfamiliar with the spatial layout of
a location, emphasizing their clarity in indicating the direction to follow. However, concerns were raised about
potential confusion, particularly when arrows are in motion, as they fail to account for natural variables such as
the user’s walking speed. Optimal visualization, it was suggested, may involve stationary or slow-moving arrows to
simplify the viewing experience and prevent distraction for observers.

The utility of moving arrows was acknowledged, particularly in guiding turns, where it could attract participants’
attention and provide advanced indications of forthcoming maneuvers. However, a crucial consideration is striking
a balance between furnishing sufficient guidance without overwhelming users with excessive visual stimuli. In
summary, the deployment of arrows can serve as a valuable tool for guiding individual’s attention along a path or
route. Yet, their careful use is paramount to ensure they augment rather than detract from the viewer’s overall
experience. Achieving this balance is essential to harness the full potential of arrows as effective navigational aids.

Table 4: Summary of participants’ comments for choosing the arrow speed.

Comments

The arrow represents the direction, helps people who do not have spatial knowledge of the place. If it is too fast
it may get in the way of seeing the location, it could increase speed as it approaches the destination.

As the speed of the arrow increases, it confuses the perception and “gives it a bug” in the head. The presence of
arrows confuses the interpretation as it does not indicate a natural variable (e.g.: speed). In case the arrow was
still, it would be better.

With arrows it is better to understand the route, as long as they are still or with little movement. The increase of
speed causes a feeling of having to walk faster, feeling of pressure.

The movement of the arrow will help especially when making turns, it can indicate in advance what the next
move will be. Moving the arrow too fast causes confusion.

Arrow speed seems to correlate with walking steps, so median speed makes more sense. The moving arrow is
preferred for the sense of continuity as you follow the path.
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4. Conclusion

This research aimed at designing and evaluating static visual variables (thickness and color hue) and an animated
visual variable (speed) in the representation of routes for personal navigation tasks supported by Augmented Reality.
To this end, an experiment was conducted involving four map-reading tasks with AR to evaluate fill color, border color,
and route line thickness, as well as the application of speed to arrows overlaid on the route line.

The primary objective of the first task was to identify the best line thickness for representing a route on a
map among four options. Results pointed that users chose the thinnest line, which corroborates with the number
of glances and time spent in decision-making. Participants noted that thinner lines facilitated better perception
of surrounding scenery and improved navigation. In the second task, participants selected a border-color for the
route from four options and the preferences varied, but no border-color and light-gray were the most popular. The
comments pointed to the importance of the edge of the line for the figure-ground segregation of the route with the
real environment viewed by AR.

In the third task, participants chose the best fill-color for the route line, the blue hue was chose as preferred,
but diverse preferences highlighted the need for easily identifiable colors that harmonize with the visual elements.
The final task involved determining the appropriate speed for an arrow moving along the route, with participants
viewing arrows moving at various speeds from slow to fast, the results showed that lower speed was chosen the best
option. The use of moving arrows is valuable for guiding turns and attracting attention to forthcoming maneuvers,
but it is crucial to balance providing sufficient guidance without overwhelming users with excessive visual stimuli to
ensure they enhance the navigational experience.

Based on the findings, future studies could delve into investigating the relationship between route line thickness
and perceived distance during navigation. Psychological and emotional analyses of route line colors, exploring their
impact on user confidence and experience, could also be a promising avenue to ensure that the information is
easily comprehensible and does not overwhelm the user, thereby enhancing navigation efficiency and effectiveness.
Additionally, examining color preferences in different contexts of use and evaluating cognitive effects associated with
varying arrow speeds along the route would contribute valuable insights. Conducting additional studies with a larger
sample size may help validate the findings of the research and comparative studies among different countries or
cultures may shed light on variations in preferences and perceptions of route representation elements.

DECLARATION OF COMPETING INTEREST

The authors declare that they have no known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.

ACKNOWLEDGEMENT

We extend our thanks to the Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq) [Process:
142253/2020-0] and Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES) [Funding Code
001] for the scholarship. We would also like to thank the Postgraduate Program in Geodetic Sciences at the Federal
University of Parana for their support.

Boletim de Ciéncias Geodésicas, 30: e2024014, 2024



13 Amorin and Schmidt

AUTHOR’S CONTRIBUTION

All authors contributed equally.

REFERENCES

AR GPS Drive/Walk Navigation. (2024). PlayStore. Available at: https://play.google.com/store/apps/
details?id=com.w.argps. Access in Jan., 2024.

Azuma, R., Baillot, Y., Behringer, R., Feiner, S., Julier, S., & Macintyre, B. (2001). Recent advances in augmented
reality. IEEE Computer Graphics and Applications, 21(6), 34-47.

Bertin, J. (1983). Semiology of Graphics: Diagrams, Networks, Maps. Madison: University of Wisconsin.

Berney, S., & Bétrancourt, M. (2016). Does animation enhance learning? A meta-analysis. Computers & Education,
101, 150-167.

Baus, J., Cheverst, K., & Kray, C. (2005). A survey of map-based mobile guides. In Map-based mobile services (pp.
193-209). Springer, Berlin, Heidelberg.

Blok, C. (1999, August). Monitoring change: Characteristics of dynamic geospatial phenomena for visual exploration.
In International Cartographic Association — ICA (Vol. 19). Ottawa, Canada.

Bobrich, J., & Otto, S. (2002). Augmented maps. International Archives of Photogrammetry Remote Sensing and
Spatial Information Sciences, 34(4), 502-505.

Bolter, J. D., Engberg, M., & Maclntyre, B. (2013). Reality media: Augmented and virtual reality. MIT Press.

Burnett, G. E. (1998). “Turn right at the King’s Head”: Drivers’ requirements for route guidance information (PhD
thesis). Loughborough University, UK.

Burnett, G. E., & Lee, K. (2005). The effect of vehicle navigation systems on the formation of cognitive maps. In
Traffic and Transport Psychology: Theory and Application (pp. 407-418).

Borenstein, J., Everett, H. R., & Feng, L. (1996). Where am I? Sensors and methods for mobile robot positioning.
University of Michigan.

Castro-Alonso, J. C., Wong, M., Adesope, O. O., Ayres, P.,, & Paas, F. (2019). Gender imbalance in instructional
dynamic versus static visualizations: A meta-analysis. Educational Psychology Review, 31(2), 361-387. DOI: https://
doi.org/10.1007/s10648-019-09469-1

Coltekin, A., Lochhead, I., Madden, M., Christophe, S., Devaux, A., Pettit, C., Lock, O., Shukla, S., Herman, L., &
Stachon, Z. et al. (2020). Extended Reality in Spatial Sciences: A Review of Research Challenges and Future Directions.
ISPRS International Journal of Geo-Information, 9(439).

Crundall, D., Crundall, E., Burnett, G., Shalloe, S., & Sharples, S. (2011). The impact of map orientation and
generalisation on congestion decisions: A comparison of schematic-egocentric and topographic-allocentric maps.
Ergonomics, 54(8), 700-715.

Darken, R.P., Kempster, K., & Peterson, B. (2001). Effects of streaming video quality of service on spatial comprehension
in a reconnaissance task. Proceedings.

Dent, B. D., Torguson, J. S., & Hodler, T. W. (2009). Cartography: Thematic Map Design (6th ed.). Dubuque: Wm. C.
Brown Publishers.

Boletim de Ciéncias Geodésicas, 30: e2024014, 2024


https://play.google.com/store/apps/details?id=com.w.argps
https://play.google.com/store/apps/details?id=com.w.argps
https://doi.org/10.1007/s10648-019-09469-1
https://doi.org/10.1007/s10648-019-09469-1

A proposal and preference evaluation of route line design for Augmented Reality (AR) 14

Dibiase, D., MacEachern, A. M., Krygier, J. B., & Reeves, C. (1992). Animation and the Role of Map Design in Scientific
Visualization. Cartography and Geographic Information Systems, 19(4), 201-214.

Dong, W., Ran, J., & Wang, J. (2012). Effectiveness and efficiency of map symbols for dynamic geographic information
visualization. Cartography and Geographic Information Science, 39, 98—106.

Dong, W., Wu, Y., Qin, T, Bian, X., Zhao, Y., He, Y., et al. (2021). What is the difference between augmented reality
and 2D navigation electronic maps in pedestrian wayfinding? Cartography and Geographic Information Science,
48(3), 225-240.

Dukaczewski, D. R. (2014). Designing Simple and Complex Animated Maps for Users from Different Age Groups,
Employing the Appropriate Selection of Static and Dynamic Visual and Sound Variables. In Cartography for the
Society (Lecture Notes in Geoinformation and Cartography, Springer International Publishing Switzerland).

Epstein, R. A., Patai, E. Z., Julian, J. B., & Spiers, H. J. (2017). The cognitive map in humans: spatial navigation and
beyond. Nature Neuroscience, 20(11), 1504.

Golledge, R. G. (1999). Human Wayfinding and Cognitive Maps. In R. G. Golledge (Ed.), Wayfinding Behavior:
Cognitive Mapping and Other Spatial Processes (pp. 5-45). Johns Hopkins University Press.

Golledge, R. G., Jacobson, R. D., Kitchin, R., & Blades, M. (2000). Cognitive maps, spatial abilities, and human
wayfinding. Geographical Review of Japan, Series B, 73(2), 93-104.

Google Maps. (2023). PlayStore. Available at: https://play.google.com/store/apps/details?id=com.google.android.
apps.maps. Access in Jan., 2023.

Harrower, M. (2007). The Cognitive Limits of Animated Maps. Cartographica, 42(4), 349-357.

He, S., Liu, Y., & Xiang, J. (2020). A low cost visual positioning system for small scale tracking experiments on underwater
vehicles. In 2020 IEEE 29th International Symposium on Industrial Electronics (ISIE) (pp. 1370-1375). IEEE.

Hunolstein, V. S., & Zipf, A. (2003). Towards task oriented map-based mobile guides. In Proceedings of the International
Workshop “HCl in Mobile Guides” (pp. 8-11).

Lynch, K. (1997). A imagem da Cidade. Sdo Paulo: Martins Fontes. (Original work published 1960).
MacEachren, A. M. (1995). Visualizing Uncertain Information. Cartographic Perspectives. Guilford Press.

Maps AR. (2023). PlayStore. Available at: https://play.google.com/store/apps/details?id=com.w.argps. Access in
Jan., 2023.

Mayer, R. E. (2002). Multimedia learning. In Psychology of learning and motivation (pp. 85-139). Academic Press.

Mayer, R. E., & Moreno, R. (2003). Nine ways to reduce cognitive load in multimedia learning. Educational
Psychologist, 38(1), 43-52.

Nikander,J.,Jarvi, )., Usman, M., & Virrantaus, K. (2013). Indoor and outdoor mobile navigation by using a combination
of floor plans and street maps. In Progress in Location-Based Services (pp. 233-249). Springer, Berlin, Heidelberg.

Paelke, V., & Sester, M. (2010). Augmented paper maps: Exploring the design space of a mixed reality system. ISPRS
Journal of Photogrammetry and Remote Sensing, 65(3), 256-265.

Peterson, M. P. (1995). Interactive and animated cartography (1st ed.). New Jersey: Prentice Hall.

Ploetzner, R., Berney, S., & Bétrancourt, M. (2020). A review of learning demands in instructional animations: The
educational effectiveness of animations unfolds if the features of change need to be learned. Journal of Computer
Assisted Learning, 36(6), 838—860. DOI: https://doi.org/10.1111/jcal.12476

Slocum, A. T., McMaster, R. B., Kessler, F. C., & Howard, H. H. (2009). Thematic Cartography and Geovisualization
(3rd ed.). Prentice Hall.

Tversky, B. (2018). Levels and structure of spatial knowledge. In Cognitive Mapping (pp. 24-43). Routledge.

Boletim de Ciéncias Geodésicas, 30: e2024014, 2024


https://play.google.com/store/apps/details?id=com.google.android.apps.maps
https://play.google.com/store/apps/details?id=com.google.android.apps.maps
https://play.google.com/store/apps/details?id=com.w.argps
https://doi.org/10.1111/jcal.12476

15 Amorin and Schmidt

Kraak, M. J. (1999). Cartography and the use of animation. In W. Cartwright, M. P. Peterson, & G. Gartner (Eds.),
Multimedia Cartography (pp. 173-180). Berlin: Springer-Verlag.

Ross, M., Spencer, S. )., Linardatos, L., Lam, K. C., & Perunovic, M. (2004). Going shopping and identifying landmarks:
Does collaboration improve older people’s memory? Applied Cognitive Psychology: The Official Journal of the Society
for Applied Research in Memory and Cognition, 18(6), 683-696.

Wagner, I., & Schnotz, W. (2017). Learning from static and dynamic visualizations: What kind of questions should we
ask? In R. Lowe, & R. Ploetzner (Eds.), Learning from dynamic visualization: Innovations in research and application
(pp. 69-91). Springer International Publishing. DOI: https://doi.org/10.1007/978-3-319-56204-9 4

Wang, C., Huang, K., & Shi, W. (2022). An Accurate and Efficient Quaternion-Based Visualization Approach to 2D/3D
Vector Data for the Mobile Augmented Reality Map. ISPRS International Journal of Geo-Information, 11(7), 383.

Woods, D. (1995). The alarm problem and directed attention in dynamic fault management. Ergonomics.

Boletim de Ciéncias Geodésicas, 30: e2024014, 2024


https://doi.org/10.1007/978-3-319-56204-9_4

	_Ref130658967

