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ABSTRACT

A well-designed wayfinding system enhances navigation efficiency, reduces
disorientation-related stress, and ensures safety, especially during emergencies. This
study uses immersive virtual reality (VR) technology to simulate virtual environments
and assess the efficacy of four distinct wayfinding systems in indoor navigation
tasks. The research specifically examines the influence of signage systems on the
wayfinding behavior of individuals unfamiliar with a building. The participants were
tasked with navigating from the building’s entrance to designated rooms under four
different signage conditions: wall-mounted signage, ceiling-hanging signage, floor-
based continuous guiding signage, and wall-based continuous guiding signage. Key
performance metrics, including distance travelled, time spent and number of pauses,
were recorded and analysed to evaluate the potential of each signage system in
enhancing navigation efficiency. The findings suggest that by strategically selecting
and configuring signage types, the efficiency of navigation in complex or unfamiliar
environments can be significantly improved, the cognitive load can be reduced.This
research not only elucidates the effects of different signage systems on indoor
navigation efficiency but also offers empirical evidence to inform the optimization of
wayfinding systems in future architectural designs.

Keywords: Wayfinding efficiency, Virtual reality, Signage design, Signage effectiveness,
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INTRODUCTION

Wayfinding refers to the process by which individuals determine and
maintain a path from one location to another in space. It encompasses
spatial behaviors such as navigation and orientation, which are crucial
in daily human activities (Gallistel, 1990). While wayfinding typically
proceeds without major issues, individuals often face challenges in complex
environments, particularly in densely populated or architecturally intricate
settings, leading to disorientation and loss of confidence (Broesamle and
Hoelscher, 2007). As urbanization accelerates, cities are expanding, and
buildings are becoming increasingly complex. This complexity, particularly
in large public facilities such as hospitals (Chen et al., 2021), museums
(Lin et al., 2019), and libraries (Mandel, 2018), makes it easy for users
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to become lost while searching for destinations, thus negatively affecting
their navigation experience and efficiency. Especially in emergency situations,
poor building design and inadequate signage systems can pose safety risks,
adding stress to individuals in high-pressure environments (Raubal, 2001).
Therefore, spatial information plays a critical role in wayfinding. The clarity
with which space communicates information impacts the efficiency of route
planning and path adjustments during navigation. Furthermore, an efficient
spatial information delivery mechanism can significantly reduce anxiety in
unfamiliar environments and positively influence wayfinding performance.

When humans navigate unfamiliar environments, they rely primarily on
the following methods: directional search, which involves using visual or
other sensory information (such as auditory cues or vestibular perception)
to identify external markers (such as directional signs on walls) to determine
direction and systematically search for a route; following a continuous
marked path, which helps reduce cognitive load and uncertainty, guiding
travelers along the designated route; and referencing cognitive maps, which
utilize internal representations (such as vector maps or topographic maps)
to help individuals understand the spatial relationships between locations,
thereby facilitating navigation (Allen, 1999).

Directional signage is typically represented with text and arrows, which
point toward key locations in a given space and provide users with initial
guidance on routes and orientation. This approach can significantly reduce
the number of wrong turns and backtracking distances (O’Neill, 1991).
While many scholars have conducted extensive research on aspects such as
signage color matching (Fu et al., 2019), brightness, and size (Jeo et al., 2019),
the exploration of how different spatial positions of signage affect wayfinding
efficiency remains limited.

With advancements in immersive technologies, virtual reality (VR) has
become a powerful tool for studying wayfinding behavior in controlled yet
realistic environments. VR allows researchers to simulate complex indoor
spaces, manipulate environmental variables, and collect detailed data on
user performance metrics, making it an ideal platform for evaluating signage
systems.

On the basis of the above analysis, this study conducts wayfinding
experiments in a virtual reality environment to systematically compare
the effectiveness of four types of signage systems: wall-mounted signs,
ceiling-hanging signs, floor-based continuous guidance, and wall-based
continuous guidance. By analysing key performance metrics, this study aims
to propose optimization strategies for indoor signage systems, particularly
with respect to signage configuration and layout in complex environments.
Through VR-based experiments, the effectiveness of these design strategies
will be validated, providing valuable insights for future wayfinding
system optimization in architectural design. This research aims to increase
navigation efficiency, reduce the cognitive load, and improve the user
experience in building environments.
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EXPERIMENTAL STUDTY

We conducted a virtual reality (VR) wayfinding experiment to investigate
the impact of different signage systems on participants’ perceptual efficiency.
The independent variable in this study is the type of signage system, which
includes wall-mounted signs, ceiling-hanging signs, floor-based continuous
guidance signs, and wall-based continuous guidance signs. Within the
experimental setting, multiple wayfinding tasks with identical paths but
different target room functions were designed. The participants were
instructed to rely on the signage system to locate the target room. A
Unity-based program records key wayfinding performance metrics, including
distance travelled, time spent and number of pauses.

Experimental Conditions

The four signage systems are organized by destination, grouping and
repeating the signage with destination names and pictograms, accompanied
by arrows to indicate the correct route to all destinations. The pictograms are
selected on the basis of ISO 7001 (ISO, 2007). Each signage category includes
clear destination names, corresponding pictograms, and directional arrows
indicating the correct path. The design of the signs follows principles of
legibility and usability, with different functional areas differentiated by color.
The chosen color palette includes rainbow hues, as well as deepened tones of
red, orange, and purple, to enhance clarity and visual contrast. Additionally,
doorplates matching the signage are placed next to each room, displaying
the name of the target room and further reinforcing the consistency of the
navigation system and the recognizability of the target rooms.

Figure 1: Design of guidance signage in the virtual environment: (a) ceiling-hanging
signage, (b) wall-mounted signage, (c) floor-based continuous guiding signage and
(d) wall-based continuous guiding signage.
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The wall-mounted signage system consists of signs installed on the walls
of main corridors, intersections, and decision points. These signs group
destinations and their directions, helping participants make navigation
decisions quickly in complex environments. The signs are approximately
10 cm in height and 25 cm in width (see Figure 1).

The ceiling-hung signage system suspends signs from the ceiling in
corridors, particularly at intersections and decision points, ensuring that
participants can clearly see navigation information from a distance. The signs
are approximately 25 cm in height and 10 cm in width (see Figure 1).

The floor-based continuous guidance system consists of continuously
colored lines on the floor, with different colors indicating different
destinations. The lines are approximately 10 cm wide and extend from the
starting point to various target functional areas in the virtual environment,
ensuring guidance along the most direct and shortest path (see Figure 1).

The wall-based continuous guidance system uses continuous colored lines
fixed to the walls, extending from the starting point to the target rooms and
providing navigation along the optimal path. The lines are approximately
10 cm wide, with each color corresponding to a target functional area.
These lines are prominently displayed along main corridors and decision
points (see Figure 1).

Participants

A total of 20 volunteers participated in this study. However, 2 participants
were excluded from the sample because they withdrew from the test because
of simulator sickness. All the participants who completed the experimental
procedures successfully accomplished the wayfinding tasks. The final sample
consisted of 18 participants who collectively completed eight wayfinding
tasks. These tasks were presented in a randomized order across four different
signage conditions. All the participants demonstrated proficient reading and
writing skills, normal vision, and no color vision deficiencies. Furthermore,
they reported no physical or mental conditions that could interfere with their
participation in the VR simulation.

Apparatus and Environment

In this experiment, immersive tests were conducted via a Pico 4 virtual
reality headset. The Pico 4 is equipped with two panels, each providing
a resolution of 2160 × 2160 pixels per eye and a 105◦ field of view.
The device includes built-in controllers that serve as interaction tools. The
experimental environment was constructed in Unity 3D, utilizing Unity
version 2022.3.42f1, with interactive elements in the scene configured and
adjusted via the Pico SDK. To ensure experimental accuracy and control
of variables, the device brightness was set to its maximum level, and
participants’ perspectives and movements were tracked in real time via the
built-in sensors of Pico 4. Figure 2 illustrates the experimental scene from
both a third-person and a first-person perspective.
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Figure 2: Experimental scene: (a) third-party perspective, (b) participant observation
perspective.

Figure 3: Scene plan diagram.

All experimental data, including participants’ distance travelled, time spent
and number of pauses, were collected and recorded in real time through
custom scripts programmed within the Unity environment. The system
was capable of tracking and saving each participant’s wayfinding behaviors
throughout the experiment. The collectedmetrics are as follows: (1) Distance,
which refers to the travel distance from the starting point to the destination,
measured in meters; (2) Time, the time taken to travel from the starting point
to the destination within the simulation, recorded in seconds; (3) Pauses,
the number of instances where participants remained stationary at the same
location for at least 2 seconds (Conroy, 2001).

The experimental scene replicated a typical indoor environment designed
to explore participants’ wayfinding efficiency under different signage
conditions. A symmetrical and complex building layout was created and



356 Shi and Zhou

divided into nine functional zones, each consisting of five or six rooms,
with room dimensions of 5 × 5 meters and corridor widths of 2 meters
(see Figure 3). Two path types were established for the experiment. Path Type
A included four equivalent routes leading from starting point A to target
rooms A, B, C, or D, whereas path Type B included four equivalent routes
connecting starting point B to target room C or D and starting point C to
target room A or B (see Figure 3).

Procedure

Prior to the experiment, the participants were informed of its purpose
and tasks, as well as their right to withdraw from the simulation at any
time. The experiment commenced with a training phase, during which
participants received instructions regarding the experimental procedures and
the equipment used. The primary objectives of the training phase were (1) to
familiarize participants with the simulated test environment, enabling them
to adapt to the setup; (2) to provide practice in using the visual equipment
and controllers, ensuring proper handling and operation; and (3) to conduct
a preliminary check for symptoms of simulator sickness, where participants
were asked to report any discomfort they experienced.

During the training phase, participants were equipped with the Pico 4
device for calibration and adjustment. They were also introduced to the
use of controllers. Following this, they entered the test environment to
explore the virtual scene and ensure a clear understanding of the experimental
tasks and equipment. The participants were encouraged to freely explore
the environment and familiarize themselves with the navigation devices as
efficiently as possible, with no time constraints. The training phase concluded
when the participants were confident in controlling the navigation equipment
and reported feeling relaxed or comfortable with the devices.

In the experimental phase, the participants began the formal experiment,
completing eight wayfinding tasks. These included navigating from
the central functional area’s hallway starting point A to target rooms
A, B, C, or D, collectively referred to as Path A, as well as from starting point
B to target rooms C or D and from starting point C to target rooms A or B,
collectively referred to as Path B (see Figure 1). Path A and Path B will be
used throughout the paper to refer to the above-defined navigation routes,
and their definitions will not be repeated. The four signage systems were
randomly assigned to the various pathway scenarios, and target rooms were
identified by door plaques. The experiment concluded when the participants
successfully triggered the target room. Additionally, the experiment was
terminated if a participant reached the 20-minute time limit in the simulation
to prevent eye strain or simulator sickness.

RESULTS

During the experiment, data on participants’ movement distance, number
of pauses, and task completion time under different experimental conditions
were collected and subjected to statistical analysis. Specifically, themaximum,
minimum, mean, and standard deviation of the movement distance, number
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of pauses, and completion time were calculated for each signage condition
(see Tables 1, 2, and 3), and boxplots were generated to illustrate the
data distribution (see Figures 4, 5, and 6). Descriptive statistical analysis
of these data revealed performance variations across different experimental
conditions, providing a foundation for further analysis. In this study, the
experimental conditions were categorized into four types of guiding signage:
A = floor-based continuous guiding signage, B = wall-based continuous
guiding signage, C= ceiling-hanging signage, and D=wall-mounted signage.

Completion Time

The average completion time for Path A was 83.5 s (SD = 15.8 s).
Under Condition D, the participants recorded the longest completion time
(M= 97.1 s, SD= 19.2 s), whereas those under Condition B had the shortest
completion time (M= 72.2 s, SD= 5.7 s). For Path B, the average completion
time was 147 s (SD= 16.4 s). The participants in Condition C had the longest
average time (M = 160.7 s, SD = 10.0 s), whereas those in Condition B had
the shortest time (M = 127.6 s, SD = 8.4 s) (see Table 1).

Table 1. Experimental completion time statistics (in s).

EC Path A Path B

Max Min Mean SD Max Min Mean SD

A 86.5 63.0 74.8 7.1 154.8 124 141.1 10.8
B 80.3 63.4 72.2 5.7 142.4 115.7 127.6 8.4
C 95.3 76.5 87.4 7.2 183.3 149.4 160.7 10.0
D 148.5 80.3 97.1 19.2 173.5 135.7 152.1 12.0
Tot. 148.5 63.0 83.5 15.8 183.3 115.7 147.0 16.4

Note: EC = experimental condition; A = floor-based continuous guiding signage; B = wall-based
continuous guiding signage; C = ceiling-hanging signage; D = wall-mounted signage.

Figure 4: Impact of signage type on completion time.

The results of the two-way ANOVA indicated significant main effects of
both signage type and path complexity on completion time (P < 0.001), but
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the interaction effect between signage type and path complexity was not
significant (P= 0.016). Among the four signage types, wall-based continuous
guiding signage (Condition B) had the shortest median time, making it the
most efficient option for reducing pedestrian travel time. In contrast, under
the more complex Path B, the ceiling-hanging signage (Condition C) had
the longest median time and the widest time distribution, indicating greater
variability in completion times (see Figure 4). This could be attributed to the
elevated height of ceiling-hanging signage, which may require additional time
for some pedestrians to identify the information. To improve the efficiency
of ceiling-hanging signage, optimizing its installation height and visibility to
minimize the time at which pedestrians need to recognize the information is
recommended.

Distance

The average movement distance for Path A was 71.8 m (SD = 7.9 m). Under
Condition D, the participants travelled the longest distance (M = 80.4 m,
SD = 5.6 m), whereas the participants in Condition A travelled the shortest
distance (M = 64.1 m, SD = 2.2 m). For Path B, the average movement
distance was 133 m (SD = 3.8 m). The participants in Condition C travelled
the longest distance (M = 141.6 m, SD = 17 m), whereas those in Condition
B travelled the shortest distance (M = 122.7 m, SD = 4.1 m) (see Table 2).

Table 2. Experimental movement distance statistics (in m).

EC Path A Path B

Max Min Mean SD Max Min Mean SD

A 67.2 60.6 64.1 2.2 135.5 123.2 127.2 3.8
B 70.1 61.8 66.0 2.7 131.5 117.9 122.7 4.1
C 78.9 67.0 72.4 3.9 169.6 119.7 141.6 17.0
D 94.0 73.6 80.4 5.6 159.7 126.3 136.2 10.8
Tot. 94.0 60.6 71.8 7.9 169.6 117.9 133.0 13.5

Note: Abbreviations (EC, A, B, C, D) are defined in Table 1.

The results from a two-way ANOVA indicated significant main effects of
both signage type and path complexity on movement distance (P < 0.001).
Additionally, a significant interaction effect between signage type and path
complexity was observed (P = 0.009 < 0.01). Specifically, when the path
was more complex (Path B), the movement distance under the ceiling-
hanging signage condition was significantly greater than that under the other
conditions (P < 0.05). This finding suggests that ceiling-hanging signage is
more strongly influenced by path complexity than other signage types are
(see Figure 5).
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Figure 5: Impact of signage type on distance.

Pause

The average number of pauses for Path A was 7.3 (SD = 4.1). Under
Condition A, the participants presented the greatest number of pauses
(M = 9.1, SD = 4.6), whereas those under Condition B presented the fewest
pauses (M = 6, SD = 4.1). For Path B, the average number of pauses was 6.7
(SD = 4.7). The participants under Condition D paused the most (M = 8.8,
SD= 4.7), whereas those under Condition B again recorded the fewest pauses
(M = 6.7, SD = 4.7) (see Table 3).

Table 3. Experimental pause statistics.

EC Path A Path B

Max Min Mean SD Max Min Mean SD

A 19 3 9.1 4.6 18 1 6.8 4.1
B 19 2 6 4.1 18 1 3.8 3.9
C 15 4 7.2 3.0 21 3 7.4 4.5
D 15 1 7 4.1 22 2 8.8 4.7
Tot. 19 1 7.3 4.1 22 1 6.7 4.7

Note: Abbreviations (EC, A, B, C, D) are defined in Table 1.

The results from the two-way ANOVA indicated a significant main effect
of signage type (P = 0.009 < 0.05), while the main effect of path complexity
was not significant (P = 0.404 > 0.05), and the interaction effect between
signage type and path complexity was also not significant (P= 0.119 > 0.05).
With respect to pauses, the floor-based continuous guiding signage had a
relatively high median value, suggesting that pedestrians may pause more
frequently in the presence of floor signage, potentially because of the need to
look down for guidance. In contrast, wall-based continuous guiding signage
presented the lowest median number of pauses, making it the most effective
signage type for minimizing pauses. Additionally, its distribution range was
the smallest, with a narrow interquartile range, indicating superior and
consistent performance in reducing pauses (see Figure 6).
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Figure 6: Impact of signage type on the number of pauses.

CONCLUSION

This study uses immersive virtual reality (VR) technology to simulate a virtual
environment and evaluate the effectiveness of four different wayfinding
systems in indoor navigation tasks. This research focuses on examining
the impact of signage systems on the wayfinding behavior of individuals
unfamiliar with buildings. The participants were required to navigate from
the building entrance to a designated room under four different signage
conditions: wall-mounted signs, ceiling-hung signs, floor-based continuous
guide signs, and wall-based continuous guide signs. Key performance
indicators, such as distance travelled, time spent and number of pauses, were
recorded and analysed. The results indicate that signage type significantly
impacts the distance travelled, time spent and number of pauses. Among the
four systems, the wall-based continuous guide signage system performed the
best, followed by the floor-based continuous guide signage system. Therefore,
in environments where minimizing pauses and cognitive load is crucial, such
as complex navigation areas or high-efficiency transit spaces, prioritizing
wall-based or floor-based continuous signage is recommended.

The limitations of this study include the relatively small sample size, which
prevents a conclusive analysis of passenger preferences on the basis of other
characteristics, such as gender. Future research could focus on the design of
combined signage and the characteristics of design elements (e.g., size, color,
and aesthetic combinations) to ensure visual impact while accommodating
future changes.
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