Using Augmented Reality and Location-Awareness to Enhance Visitor Experience:
A Case Study of a Theme Park App

Cheng Man Chan*, Sian Lun Lau*{

« Department of Computing and Information Systems

School of Science and Technology
Sunway University, Malaysia

17057696 @imail. sunway.edu.my, sianlunl @ sunway.edu.ny

Abstract—Mobile travel has become a significant trend due to
the emergence of smartphones and mobile technology. Existing
researches show that the integration of location-based services
(LBS) is potentially adding significant values to the mobile
tourism industry. The purpose of this study is to develop a
location-based mobile application for theme park visitors to
enhance their visiting experience. The application of location-
based solutions such as interactive map, push notification
services with geofencing and augmented reality tour guide
will be involved in this study. Google Map SDK for Android,
Google ARCore Sceneform, GeoFire and SQLite methodol-
ogy is adopted to build the application. An online survey
is conducted to evaluate the user acceptance for the mobile
application by sending Android Package Kit (APK) to the
users. The result shows that majority of respondents had
positive attitude towards the application and agreed that the
application will enhance their park visiting experience. The
conclusion can be drawn that the application can be further
improved with features which contributes to the digitalization
of outdoor parks or other fields in mobile tourism.

1. Introduction

Mobile application has been an integral part of our every
day lives for over a decade and transformed the way people
communicate, manage and perform daily task [1]. According
to [2], the worldwide adoption of mobile has exceeded 500
billion users while 194 billion apps are downloaded in 2018
and this number is projected to increase rapidly every year.
As a modern and fast developing segment in the global
Information and Communication Technology (ICT) industry
[3], the development of mobile application has become more
and more mature. Mobile applications have evolved from the
early basic applications to multi-platform applications that
cater for various types of services to smartphone users as
well as reshaping the nature of different businesses including
the travel and tourism industry.

Based on [4], the global market of digital tourism indus-
try has reached $694.41 billion in 2018. Statistics states that
the market coverage of Android travel app has occupied for
95.7% [5] while i0OS travel app account for 37.79% globally
[6]. The emergence of mobile technology development has
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transformed mobile device as an essential tool to assist in
the pre-visiting, on-site visit and post- visiting of visitor’s
tourism experience [4] [7]. As an illustration, visitors can
check the weather forecast before they go on a trip, view
navigation route from their handheld devices during the trip
and share their pictures taken to their social media account
after the trip. Results like [6] shows that 88% of travellers
think that to have access to all their favourite contents in a
single app will be useful for them during the travel.

One of the major reasons why mobile apps are trans-
forming the tourism industry is due to the presence of
location-based services (LBS) that enable companies to
provide on-demand services to travellers on the move jr5;,
[8]. Several researchers emphasised that the functionalities
of LBS include location tracking, information searching,
navigation and routing, language localization, live notifica-
tion for safety and emergency issues have contributed to
the emergence of mobile tourism [8] [9]. Besides, mobile
technology like augmented reality (AR) has been popularly
adopted in the tourist industry to enrich the visitor expe-
rience. Mobile augmented reality system enables visitors
to interact with innovative features and get familiar with
unknown environment in an enjoyable way [10]. Studies
pointed out that the visitor experience is one of the main-
stays which drives the revisit intention of visitors for a
destination [11].

This paper intends to investigate and present design
and development of a prototype mobile tourism mobile
application that incorporate LBS and AR for a theme park.
This application aims to enhance the visiting experience of
the theme park visitors. The application intends to overcome
limitation of paper map and also improve visitor engagement
during one’s visit to the theme park.

The structure of the paper is as follow: Section 2 presents
related work and discussion the requirements of the appli-
cation. This is followed by Section 3 where the design and
implementation of the application are elaborated. Evaluation
results are presented and discussed in Section 4 and the
paper is concluded in Section 5.



2. Related Work

According to Lim [12], mobile tourism applications can
be classified into three categories: tour guide companion
app, recommendation system app and new mobile service
app. Tour guide companion apps are mobile apps which
present essential information for a place of interest. At the
same time, these apps also provide interactive and per-
sonalised contents to guide visitors through their visiting
journey. Visitors are allowed to engage with the mobile
app by exploring the functionalities and features of the
app such as gaining a quick overview of the place through
an interactive map, gaining interesting information through
multimedia contents as well as locating themselves with
mobile positioning technology such as Global Positioning
System (GPS).

An example of the tour guide companion apps is The
Railway Museum App from Japan [13]. The application
shows the overview of the museum with a floor map and
labels the places of interests with markers. Besides, the
application shows a list of attractions and visitors can click
on it to view detailed information such as history, explana-
tion and pictures. Apart from that, recommendation system
apps are the mobile application that allows visitors to plan
and pick a suitable services option for their visit [12]. The
system will provide recommendations to visitors by calcu-
lating their preferences based on their profiles or current
geo-location. The recommendation feature is ubiquitous in
hotels, sightseeing, dining, tour plans and transportation
apps. Research which examined on tourists’ attitude towards
proactive recommendation system [7] has shown that most
participants follow the smartphone application’s recommen-
dation for their visit.

Location-based service (LBS) or geo-location is defined
[8] as an information service that can be accessed via a
mobile device and transmit data simultaneously based on
its current geographic location. LBS uses real-time geo-
graphical data from a mobile device to provide relevant
information, entertainment or security at the right time,
at the right place. Researcher illustrated [14] that LBS is
the intersection technology between Geographical Informa-
tion System (GIS), Internet and mobile device. LBS are
commonly made through the Global Positioning System
(GPS) from a smartphone or Global Navigation Satellite
System (GNSS) technology which uses satellites to transmit
autonomous geo-spatial positioning. However, LBS also has
its weaknesses to be adopted in an indoor environment and
limitations on vertical distance. The applications of LBS in
the mobile tourism industry are discussed in this study.

The map is one of the essential elements for visitors as
a visual communication tool to explore a new city or region
by providing information about the place, navigating visitors
in the geographic area and helping visitors to decide on
journey planning. Traditional paper map today is suggested
to be digitised and replaced with an interactive map which
is widely adopted in the mobile tourism industry together
with LBS to provide better visitor experience [9]. Interactive
mapping refers to the digital map that allows users to

zoom in and out, move around, identify specific elements,
get underlying data, generate reports or select visualised
information on the map. [15] categorised interactive map
as one of the products of cartographic interaction which
refers to the dialogue between a human and a map with a
computing device as mediator.

Augmented reality (AR) is the technology that displays
computer-generated content directly or indirectly to a real
world environment in real-time [16]. Over the years, the
implementation of AR technology has altered the tourism
industry. [17] mentioned that the AR technology is adopted
as an instrumental system to satisfy visitors’ demand by
providing them more information, entertainment and guid-
ance ubiquitously as well as bonding strong relationships
with their mobile customers. Besides, AR is taken as an
advertising and new marketing communication medium
to help tourist organisations and professionals to expand
their market audience as well as increasing brand aware-
ness [17]. There are four main types of augmented reality
which are marker-based, markerless, projection-based and
superimposition-based. Common examples of the AR adop-
tion in different tourism fields, including museums, aviation
and sightseeing, focus on the marker-based AR, markerless
AR and superimposition-based AR.

Marker-based AR or image recognition-based AR is the
augmented reality technology which requires a marker in the
real environment where the augmented object is shown when
the marker is focused and detected. Some examples for the
AR marker are 2D images and QR code. When a marker is
recognised, the augmented contents will replace the marker
on the device screen. Although a user can interact with
augmented content, marker-based AR still has its limitation.
As the augmented reality relies on the physical marker
where the user is not able to access the AR content if there
are no marker or the marker is damaged.

Unlike marker-based AR, the markerless AR provides
more flexibility as the application does not rely on a physical
target. Instead, the markerless AR works by scanning the
surrounding of the user’s environment. User is required to
look for a flat surface to place the AR objects, and when
a suitable surface (plane) is detected, the AR content is
ready to show up on the user’s device. Markerless AR is
widely adopted in the tourism industry, primarily used as a
location-based technology to help tourists in their journey.
Location-based AR is the subcategory of markerless aug-
mented reality. It works by detecting a user’s location from
the GPS of the device and adding a virtual object on the
screen. Location-based AR is suitable to be adopted in the
tourism industry, such as providing attraction information
or guiding tourist to a destination because of its flexibility.
A superimposition-based AR replaces the reality view with
an augmented view. The real-life object is scanned and
recognised, and the virtual content will be overlaid in the
augmented view.

In conclusion, there are many ways for mobile tech-
nology to enhance the visitor experience throughout their
travel journey. Several researchers [11], [18] emphasised
on the importance of customer engagement and customer
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satisfaction towards visitor experience and visitor experience
is one of the major influencing factors which determines a
visitor’s revisit intention. For this project, as it is mainly
focused on location-aware functionality, the location-based
AR method is adopted to display augmented content on the
user’s device based on their current location.

3. Design and Implementation

In order to design the application, system requirements
have been gathered based on the analysis outcome of the
literature review. As discussed in Section 2, interactive map,
push notifications will be essential features in a mobile visi-
tor application. Augmented Reality (AR) has high potential,
so the project will explore markerless/location-based AR to
validate its suitability. As a result, we designed the prototype
application based on the following system architecture:

The map on the application will obtain the latest live
location by acquiring the information from the GPS de-
vice. Similarly, the camera will be another input source to
enable the use of markerless AR. Data will be stored in
the databases. The SQLite database is used to store static
information such as name, description, category and the
location of the attractions. Firebase Realtime Database from
Google is used to store key-value pairs of user’s location.
This function allows the use of its publish/subscribe feature
to allow triggering of events to allow the app to react once
a new location is updated. In this way, geofencing can be
implemented for the application.

The application is designed to have six screens - the
welcome screen, home page, attraction list, attraction detail,
interactive map and AR guide. The user is greeted with the
welcome screen every time they launch the application, and
then the screen navigates to the home page, which is the
main screen of the application. From the home page, the
user can navigate to the attraction list page, interactive map
and the AR guide page. While from the attraction list page,
the user can navigate to the attraction detail page, which
shows the attraction’s information details. From the attrac-
tion, detail page user can also navigate to the interactive
map where the interactive map is also designed to have a
function to navigate to the attraction list.

AR Guide

Welcome | | ome Page |—»| Attraction List —»| “:)’::a'i'l""

Interactive
Map

— Navigate to

Figure 2: The system architecture

The application is developed on Android Studio 3.4.
Main libraries used are Android Map (and Google Map)
and ARCore. An image-based custom map is placed as
an overlay on top of the Google Map layer. This allows
the application to display the attractions of the theme park.
Towards the end of the development, A test case has been
designed to perform tests on the interactive map and at-
traction list, AR guide as well as push notification with
geofencing. Finally, a user acceptance test is carried out as
a survey to collect feedback from users on their experience
with the application.

A few screenshots of the finish application can be seen
in Figure 3 and 4. The former shows the main screen and the
attraction listing screens as well as the details screen for a
selected attraction. The latter shows the Park Map overview
screen, where users can have a glance at all attractions and
how they are located all over the theme park. The attractions
can be toggled, allowing one also to see the theme park
overview without attraction markers to help him navigate
around.

Augmented Reality feature has also be incorporated into
the application. Figure 5 depicts how location-based AR
is implemented in the prototype application. By using the
GPS sensor on the phone, the application tracks the device’s
location in real-time. To trigger the location-based AR, the
user location must be nearby from an attraction. In other
words, user location must be within the geofences created
for that attraction. As an example, a target is set to the KFC
Restaurant in the example shown in Figure 5.

When a user is 10m or nearer from the restaurant, he
will receive a notification that suggests the user visit the
target restaurant. Once the user clicked on the notification,
he will be brought to the AR screen where he will see a
burger appearing as an AR object in the camera view. The
prototype also provides a food ordering feature as a proof
of concept - one can directly click on the burger object to
begin food ordering. This feature will save visitors time to
pre-order without entering first into the restaurant.



sunway
A
Lagoonx

I am looking for ... Q

" Kol Pond

Rimba

wildlife Park

Village

Wwildlife Park

S
Jungle Trail

Wildlife Park

Tiger Land

wildlife F

Bear Enclosure
wildlife Park

Bird Savannah

€ Pirate's Revenge X

Pirates Revenge
Amusement Park

Pirates Revenge

CHE ‘EN  BRC]

A Age salim Al Weight Closed

ttraction Cate

gory
Amusement Park

Figure 3: Main Screen and Listing of Attractions

A\
gy
litute o

=]

ay Berhad Q

le Sunway 9

B Sunway Lagoon
Google

Figure 4: Park Map Overview with all Attraction Markers

4. Evaluation and Discussion

The evaluation of the prototype application was done
through a test case and user acceptance testing (UAT). The
test case consists of three different test units on the three
main functions of the application - i.e. interactive map and
attraction list, geofence notification and AR guide. The
check on these main functions has been successful, and these
functions are working as expected. For the UAT, 12 testers
were recruited to evaluate the application by answering a
survey. All testers were provided with the Android Package
Kit (APK) file of the application.

Among all the questions asked in the survey, selected
results related to the objectives of the paper - usability and
user experience - are presented in this paper. 58.3% and
41.7% of the testers agree and strongly agree respectively
that three main functions of the application are useful. When
it comes to ease of use, 16.7% of the testers were neutral
while the rest either agrees or strongly agrees. The majority
(91.7%) agrees and strongly agrees that the application will
enhance their visiting experience at the theme park. Overall,
the application has received very positive feedback as for

its usefulness and ease of use. Hence, the user interface of
the application, designed to be user-friendly and straightfor-
ward, is well received.

The survey also requested the testers to provide im-
provement suggestions. The suggestions are analysed and
categorised in Table 1. However, there is feedback for the
suggestion on improvement, which said that they prefer a
step-by-step instruction to guide them on how to use the
application correctly, especially for the AR guide function.
The most complicated function is the AR guide, where it
requires users to scan and detect fair surface from their
environment. In this case, the application can be improved
by adding a tutorial screen to teach the steps on how to
use the AR function. The application can be improved by
adding a panel to report on the system bugs or errors if the
user faces any technical issues.

According to the result gathered from the user accep-
tance survey, majority of the respondents have a positive
attitude towards the developed application. Besides, the
application has high agreeableness from the survey question
on functionality usefulness. The core functions of the appli-
cation are interactive map, location-based push notification
through geofencing and augmented reality guide, all of them
are the location-aware and most-needed functions that a
theme park application suitable to be adopted. For the first
two functions, it is common to see in other existed theme
park application.

For the AR guide function, it is a new idea for the
theme park industry, and it has created a lot of potential
values to attract their visitors. The mobile application is the
best platform to engage visitors with the augmented reality,
which gave them a different visiting experience. Some of the
respondents reflect that they are interested in the app idea.
They also suggest that the functionality can be improved by
recommending point-of-interest in the park according to the
user’s location and integrating augmented reality contents
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[ Category | Suggestion | Description I
Guidance Step-To-Step Instruction on | The application should present a step-to-step instruction to
How to Use guide users on how to use the app.
. . Point of Interest (POI) Recom- | The application should have a POI recommendation function
Location-Based Functions . . .
mendation based on user location, ratings or comments from other

visitors.

Destination Guiding

The application should guide users to a specific destination
through the map.

Customised schedule planning

Schedule Management ..
or tour plan for visitors

The application should have a customised tour plan for dif-
ferent family size to optimise their time spending in the park.

Rides Estimated Waiting Time

The application should provide an estimation of waiting time
for popular rides to save visitors time from waiting too long
in a queue.

Cashless Park Mobile Wallet

The application should implement a mobile wallet which
enables visitors to be cashless in their in-park purchase. This
function is not recommended for Water Park as most of the
visitors do not carry their phones when they are having fun
in the water.

Internalisation Text-To-Speech Function

The application should implement the text-to-speech func-
tion. This function is useful for those disabilities who have
difficulty typing.

Languages

The application should support different languages to attract
foreigners.

TABLE 1: Summaries of Suggestions from the UAT

like displaying recommended information in the AR form
with ratings and comments.

Most of the respondents think that it is enjoyable while
experiencing the application and agree that the application
will improve the visiting experience while they use the appli-
cation in the park. Many respondents have given feedback
on the functionality suggestions which can be adopted in
the future. Some of them suggest that the location-based
functionality can be improved by guiding or navigating
users to a particular destination. Some of them focus their
concern on the time management, where they wish to have
functionalities such as showing the ride estimated time,
schedule planning or customised tour plan to optimise their
time spent in the park. This feedback is reasonable because
typically, a visitor only spends one day or a few hours to
experience the whole park.

Besides, some respondents suggest that they would like
to see if the application can implement a ticket booking

system in the app to enable the user to book or buy tickets
directly from the app. They claimed that they are more
attracted to the food discounts and vouchers which they
can spend their in-park purchases more valuable. Some
respondents suggest that the application can be improved
by adopting a mobile wallet system, which enables visitors
to have a cashless experience in the park. Other respondents
say that they are expecting text-to-speech function or more
languages selection for foreign visitors.

Lastly, from the survey questions on the willingness
to adopt the application in their future visit, most of the
respondents are willing to use this application if the theme
park adopts the application when they revisit the theme park.

5. Conclusion

In conclusion, the produced prototype application has
met the objectives of this project, where a location-based



mobile application for theme park visitors is designed and
developed. The results from the user acceptance survey also
showed that the respondents are satisfied with the functions
of the application and agree that the application will enhance
the visitor experience, which met the objectives of this
project. The possibility to allow visitors to interact with the
application to find, locate and even make an order for food
using AR intends to showcase how a visitor application can
improve user experience.

The suggestions from the UAT will be the input for po-
tential future work. Among the given suggestions, location-
based functions and schedule management can be seen as
useful functions to be added because they help further
improve the overall experience at a theme park. Also, it
is important to think about a suitable strategy to attract
visitors to download the application. Commonly, visitors
only need the application when they are inside the park,
and after their visits, they tend to uninstall the application.
Ideas can be generated to encourage users to continue
using the application so that they may return to the theme
park soonest possible. In this way, the application can also
become a marketing and engagement tool which will, in
return, increase revenue.
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