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Abstract

This study investigates the effectiveness of an augmented reality (AR)-based navigation system for
guiding users through complex indoor environments. The primary objective was to evaluate whether
AR can improve navigation accuracy, reduce task completion time, and enhance user experience
compared to traditional signage. A controlled experiment was conducted with 50 participants
navigating a multi-floor university building under two conditions: traditional methods and AR
assistance. Data were collected on navigation accuracy, task completion times, and subjective user
experience using a structured questionnaire. Statistical analyses included descriptive statistics, paired t-
tests, repeated measures ANOVA, regression modeling, and reliability testing. Results showed that AR
significantly improved navigation accuracy (92.4% vs. 76.8%, p<0.001) and reduced task completion
times (102.6s vs. 137.4s, p<0.001). Reliability testing confirmed strong internal consistency of user
experience measures (Cronbach’s 0#=0.89). Regression analysis further revealed a positive relationship
between user satisfaction and navigation accuracy (R2=0.46, p<0.01). These findings highlight the
potential of AR systems to enhance indoor way finding, with implications for accessibility, efficiency,
and user engagement in smart building environments.

Keywords: Augmented reality, indoor navigation, user experience, statistical analysis, smart
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Introduction

Indoor navigation has emerged as a significant challenge in large and complex facilities such
as hospitals, airports, and university campuses. Traditional methods of way finding,
including static maps and signage, often fail to provide real-time guidance and can lead to
confusion, delays, and inefficiency. With the rapid growth of digital technologies,
augmented reality (AR) has gained attention as a promising solution to address these
challenges by overlaying digital navigation cues onto the physical environment.

AR-based navigation systems offer users an interactive experience that goes beyond
traditional tools by combining spatial awareness with real-time path guidance. Recent studies
have highlighted the potential of AR to improve accuracy and reduce cognitive load in
navigation tasks (Chang et al., 2021) 61, Moreover, as mobile devices have become
increasingly capable of supporting AR functionalities, these systems can now be deployed at
scale without specialized equipment.

Despite technological advancements, indoor navigation still faces barriers such as signal loss
in GPS-denied environments, difficulties in real-time positioning, and variability in user
acceptance (Xie et al., 2019) B4, Thus, there is a pressing need to develop and evaluate AR
systems that can reliably guide users in indoor environments while ensuring usability and
satisfaction. This research addresses that gap by systematically testing the impact of AR
navigation on accuracy, efficiency, and user experience.

By integrating AR-based guidance into indoor environments, this study contributes to the
growing body of work on smart environments and highlights practical applications for
improving accessibility and human—computer interaction.

Literature Review

Indoor navigation has been widely studied as a growing challenge in smart environments,
where GPS signals are unreliable. Traditional approaches such as Wi-Fi triangulation and
Bluetooth beacon systems have shown partial effectiveness but often suffer from accuracy
and latency limitations (Xie et al., 2019) (4,
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With the advancement of mobile devices, augmented reality
(AR) has been increasingly explored as a novel tool for
enhancing way finding by overlaying digital guidance
directly onto the user’s environment.

Research has highlighted AR’s potential to reduce cognitive
load and improve task efficiency in navigation tasks (Chang
et al., 2021) 61, AR-based systems have also been tested in
education, healthcare, and cultural heritage contexts, where
real-time guidance improves both accessibility and user
engagement (Bower et al.,, 2020) +%. However, several
studies caution that user acceptance depends heavily on
interface design, ease of use, and device compatibility
(Billinghurst et al., 2015) [,

Existing literature also emphasizes the need for robust
statistical evaluation of AR navigation systems. Studies
employing t-tests, ANOVA, and regression analyses have
demonstrated that AR consistently improves performance
outcomes compared to conventional methods. Despite these
promising findings, research remains limited regarding
indoor environments with complex layouts, where
localization and user experience present additional
challenges (Shen et al., 2021) BU, This study contributes by
addressing these gaps, providing a systematic evaluation of
AR-based indoor navigation in a realistic, multi-floor
building environment.

Research Gap: Although augmented reality (AR) has been
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increasingly studied for navigation applications, most prior
research has focused on outdoor environments where GPS
signals are available. Indoor navigation, by contrast,
remains underexplored due to challenges in localization,
path projection, and user adoption. Existing indoor
navigation systems often rely on Wi-Fi triangulation or
Bluetooth beacons, but these approaches lack the seamless,
real-time guidance necessary for complex indoor spaces
(Xie et al., 2019) B4, Furthermore, limited empirical studies
have directly compared AR-based navigation with
traditional methods, particularly in terms of user experience,
task efficiency, and system reliability. This gap motivates
the present study, which evaluates AR navigation
comprehensively using both objective performance metrics
and subjective feedback.

Conceptual Framework

The conceptual framework is designed to link system design
with user outcomes. The AR-based navigation system
serves as the independent variable, influencing navigation
accuracy, task completion time, and user experience.
Statistical testing ensures the validity of these relationships,
while reliability analysis strengthens the credibility of the
measurement tools. The framework thus integrates
technology performance and human-centered evaluation,
addressing both technical effectiveness and usability.

AR-based
Navigation System

{Independent Variable)

Fig 1: Conceptual Framework

Hypotheses

Hi: AR-assisted navigation significantly improves
accuracy compared to traditional methods.

H2: AR-assisted navigation significantly reduces task
completion time compared to traditional methods.

~61~

Hs: User experience scores are positively associated
with navigation accuracy.

Ha: The user experience questionnaire demonstrates
high reliability (Cronbach’s alpha > 0.8).
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Methods

The study was designed to evaluate the effectiveness of an
augmented reality (AR)-based navigation system in
assisting users within complex indoor environments. The
system was developed through an iterative process of design
and refinement, focusing on accuracy, usability, and
stability of AR-based path visualization. The design
approach was selected because it allowed seamless
integration of digital overlays with the physical
environment, which is critical in guiding users through
multi-floor indoor layouts.

The indoor environment setup was conducted in a university
building consisting of three floors, 20 rooms, and
interconnected hallways. This location was selected to
simulate realistic navigation challenges, including multiple
decision points, elevators, and stairs. The test environment
was mapped using a floor plan converted into a digital 3D
model, ensuring that AR path projections matched the actual
indoor space with high fidelity.

A total of 50 participants (28 male, 22 female; mean
age=24.6 years, SD=3.1) were recruited through voluntary
signup. A simple random sampling method was employed to
ensure demographic diversity across students and staff. The
sample size was determined to provide sufficient power for
statistical analysis, and participants were included if they
had normal or corrected-to-normal vision. Exclusion criteria
included prior familiarity with the test environment, to avoid
bias.

Data collection procedures involved assigning each
participant a set of navigation tasks within the building.
Each participant was required to locate four designated
rooms using two different conditions: (1) traditional signage
and floor maps, and (2) the AR-based navigation interface.
Performance data were recorded for both conditions to
allow within-subject comparison. This method was chosen
to evaluate the added benefit of AR in reducing navigation
errors and completion times.

The AR navigation interface was tested on handheld mobile
devices running Android OS 12 with ARCore SDK version
1.33. Data visualization was conducted using SPSS (v28)
for statistical analysis. This software was chosen due to its
reliability in handling both descriptive and inferential
statistical procedures.

Performance metrics included navigation accuracy,
measured as the percentage of correct routes taken, and task
completion time, recorded in seconds for each navigation
attempt. Accuracy was chosen as a primary metric because
it directly reflects the system’s ability to guide users
effectively. Task completion time was included as a
secondary metric to evaluate efficiency. User experience
was further assessed using a structured questionnaire with a
five-point Likert scale covering clarity of instructions, ease
of use, and satisfaction.

For statistical analysis, descriptive statistics were first
computed to summarize mean scores and standard
deviations. A paired t-test was conducted to compare
navigation accuracy between AR-assisted and traditional
conditions. A repeated measures ANOVA was used to
examine differences in completion times across multiple
navigation tasks. Regression analysis was applied to assess
the relationship between user experience scores and
navigation accuracy, thereby determining if subjective
perception aligned with performance outcomes. Finally,
reliability testing using Cronbach’s alpha was performed on

the questionnaire to ensure internal consistency. These
statistical methods were selected because they align with the
study’s experimental design, enable within-subject
comparisons, and validate subjective measures.

Results

The study evaluated the effectiveness of the AR-based
navigation system compared to traditional methods across
multiple performance and user experience metrics.

A total of 50 participants successfully completed the
navigation tasks under both conditions. Demographic details
are presented in Table 1, which shows a balanced
distribution of participants by age and gender. This ensured
that the observed outcomes were not biased toward a
particular demographic group.

System Architecture and Indoor Test Environment
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AR Overlay
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Fig 2: System architecture and indoor test environment

Table 1: Participant demographics and sampling characteristics

Variable N %
Male 28 56%
Female 22 44%

Mean Age (years) 24.6 —

Age Range (years) 20-32 —

Analysis of navigation accuracy revealed a clear advantage
of the AR-based system. The AR-assisted condition yielded
a mean accuracy score of 92.4% (SD=4.1) compared to
76.8% (SD=6.5) in the traditional condition. A paired t-test
confirmed this difference was statistically significant (p <
0.001). These results are summarized in Table 2 and
visually represented in Figure 2.

Mean Navigation
Accuracy Comparison
Across Conditions
100 *dk

80 -

60

Accuracy (%)

40

20 -

Traditional AR-Assisted

Fig 2: Mean Navigation accuracy comparison across conditions
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Table 2: Navigation accuracy scores across test conditions

Condition Mean Accuracy (%) SD
Traditional 76.8 6.5
AR-Assisted 92.4 4.1

This figure illustrates the improvement in navigation
accuracy when participants used AR assistance compared to
traditional signage.

In terms of task completion times, participants using AR
required less time on average (M=102.6 seconds, SD=18.7)
than under the traditional method (M=137.4 seconds,
SD=22.1). A repeated measures ANOVA indicated a
significant effect of navigation condition on completion
time (F(1,49)=28.56, p<0.001). Results are presented in
Table 3 and depicted in Figure 3.

Table 3: Task completion times with and without AR Assistance

Condition Mean Time (sec) SD
Traditional 137.4 22.1
AR-Assisted 102.6 18.7

Distribution of Task
Completion Times in
Different Conditions
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Traditional AR-Assisted
Fig 3: Distribution of task completion times in different conditions

This figure shows the spread of task completion times,
highlighting that AR use not only reduced mean time but
also reduced variability among participants.

The reliability analysis of the user experience questionnaire
demonstrated a high level of internal consistency, with a
Cronbach’s alpha of 0.89, indicating that the instrument was
reliable for assessing user feedback. These findings are
summarized in Table 4.

Table 4: Reliability statistics of user experience questionnaire
(Cronbach’s Alpha)

Measure Cronbach’s Alpha
User Experience Scale 0.89

Regression Model of User Experience Scores vs.
Navigation Accuracy
100

¢ ®
R*=0.46
p<0.01

[o1]
o

Accuracy (%)
3
>
°
°
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o

User Experience Score

Fig 4: regression model of user experience scores vs. navigation
accuracy
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Furthermore, regression analysis revealed a positive
association between user experience scores and navigation
accuracy (R2=0.46, p<0.01). This suggests that participants
who rated the AR system higher for usability and
satisfaction also  demonstrated  greater  navigation
performance. The trend is represented in Figure 4.

This figure presents the linear regression model, showing a
positive relationship between perceived usability and
navigation performance.

Data Analysis and Interpretation

The analysis of the collected data provides strong evidence
for the effectiveness of the AR-based navigation system in
indoor environments. The demographic balance of
participants, as detailed in Table 1, ensured
representativeness across genders and age ranges, reducing
the likelihood of sampling bias.

Accuracy outcomes revealed significant improvements with
AR assistance, as shown in Table 2 and visualized in Figure
2. Participants demonstrated an increase of over 15% in
correct navigation routes when using the AR system,
confirming that the technology enhances wayfinding
performance. The statistical validation through paired t-tests
further strengthens this conclusion.

Task efficiency was also improved under AR support. As
indicated in Table 3 and illustrated in Figure 3, mean
completion times decreased by more than 30 seconds
compared to the traditional method. The reduced variability
among participants suggests that AR guidance minimized
uncertainty during navigation. The significant ANOVA
result emphasizes that this effect is consistent across
multiple task scenarios.

Reliability of the user experience questionnaire, presented in
Table 4, demonstrated a Cronbach’s alpha of 0.89,
confirming the internal consistency of participant feedback.
This indicates that perceptions of usability and satisfaction
were measured reliably.

Finally, regression analysis results, shown in Figure 4,
revealed that higher user experience scores were positively
associated with navigation accuracy (R?=0.46, p<0.01). This
alignment between subjective feedback and objective
performance underscores the practical impact of the AR
system in real-world indoor navigation scenarios.

Conclusion

This study demonstrated that an augmented reality (AR)-
based navigation system can significantly enhance indoor
way finding by improving accuracy, reducing task
completion time, and providing a positive user experience.
The hypotheses (H1-H3) were supported, showing that AR
outperforms traditional navigation methods, while H4
confirmed the reliability of the wuser experience
questionnaire. Together, these findings establish AR as a
viable solution for navigation in GPS-denied environments.

Despite promising results, several limitations must be
acknowledged. The study was conducted within a single
university building, which limits the generalizability of the
findings to other indoor environments such as airports or
hospitals. The participant pool was relatively young, which
may not fully represent populations with varying levels of
technological familiarity. Additionally, the system was
tested only on one platform (Android OS), which restricts
conclusions about cross-platform usability. The results hold
important implications for the development of smart
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buildings and digital navigation aids. Improved indoor way
finding can enhance accessibility for individuals with
limited spatial awareness and improve operational
efficiency in complex facilities. Moreover, the positive
association between user satisfaction and performance
underscores the importance of user-centered design in AR
systems.

Future studies should expand testing across diverse indoor
environments, including high-traffic public spaces such as
airports, shopping malls, and hospitals. Broader
demographic sampling is recommended to assess usability
across age groups and technology backgrounds. Cross-
platform implementation should also be explored to evaluate
system consistency on different devices. Finally, integration
with advanced localization technologies, such as LiDAR or
ultra-wideband positioning, may further improve AR
navigation accuracy and robustness.
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