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ABSTRAK

Aplikasi apa pun yang dirancang untuk tujuan promosi harus dievaluasi dalam hal
kegunaannya bagi penggunanya. Oleh karena itu, penelitian ini difokuskan untuk
mengevaluasi kegunaan Aplikasi Augmented Reality e-Bahari yang dikembangkan
untuk mempromosikan objek wisata bawah laut di Bali dalam bentuk 3D augmented
reality. Evaluasi Heuristik (HE) diterapkan untuk mengevaluasi aplikasi dengan
melibatkan tiga pengguna sebagai evaluator untuk berkomentar dan memberikan
saran tentang kegunaan aplikasi di tiga level spesifikasi masing-masing dan cara
meningkatkannya. Komentar dan saran ini kemudian dikategorikan menggunakan
prinsip heuristik berdasarkan ISO 9241-11 dan kriteria Nielsen Heuristik yang
disesuaikan. Evaluasi tersebut mengungkapkan bahwa E-Bahari AR telah berhasil
merepresentasikan objek wisata bawah laut secara 3D, seperti efek pencahayaan
bawah air, anemon, ikan, dan penyu. Namun, augmented reality 3D untuk objek
virtual kehidupan nyata masih perlu ditingkatkan karena belum mencapai naturalitas
dan kurangnya interaksi antara pengguna dan aplikasi. Selain itu, evaluasi juga
mengungkapkan bahwa semakin rendah spesifikasi aplikasi, semakin rendah kualitas
yang dihasilkan oleh augmented reality. Dengan demikian, aplikasi dengan
spesifikasi tertinggi bekerja tanpa masalah yang jelas.

Kata kunci: evaluasi; usability; heuristic; augmented reality; e-Bahari

ABSTRACT

Any application designed for promotional purposes should be evaluated in terms of its
usability for its users. Thus, the present study focused on assessing the usability of
the e-Bahari Augmented Reality Application developed to promote underwater
tourism objects in Bali in 3D augmented reality. Heuristic Evaluation (HE) was applied
to evaluate the application by involving three users as evaluators to comment and
give suggestions on its usability in three respective levels of specifications and how to
improve it. These comments and suggestions were then categorized using heuristic
principles based on ISO 9241-11 and adjusted Nielsen Heuristics criteria. The
evaluation revealed that the E-Bahari AR had successfully represented underwater
tourism objects in 3D, such as underwater lighting effects, anemones, fish, and
turtles. However, the 3D augmented reality for virtual things of real life still needed
improvement as it had not reached naturality and lacked interaction between users
and applications. Moreover, the evaluation also revealed that the lower the
application specifications, the lower the quality of the augmented reality. Thus, the
application with the highest specification worked without apparent problems.

Keywords : evaluation; usability; heuristic; augmented reality; e-Bahari

1. INTRODUCTION

Augmented Reality (AR) is a technology that combines two- or three-dimensional virtual images
into a natural three-dimensional environment which allows users to easily access the richness of the
multimedia content contextually [1]-[6]. An application built on AR technology can control markers and
the video loaded through the URL, where animation can be created using Blender in the Qualcomm
Augmented Reality (QCAR) to be displayed in Android smartphones [2], [3], [7].

AR has been widely applied in entertainment, military training, medicine, design engineering,
robotics and telerobotics, manufacturing, education, and other fields. Researchers employ AR as one
of the novel ways to boost productivity, efficacy, and efficacy, as well as entertainment media [8]-[14].
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AR can be utilized for extending information from print media to visual media, which has become one
of the trends in advertising and promotional media.

E-Bahari AR is an application designed to simulate underwater tourism objects into 3D images
aimed at ease of access for tourists, researchers, and the community in general to virtually find
information about underwater tourism objects in Bali. This application employs library vuforia to
represent 3-dimensional underwater tourism objects in a natural environment by using an e-Bahari
Booklet and Android Smartphone. The pictures provided in the e-Bahari Booklet function as markers
for displaying the underwater tourism object, along with the narration and animation.

As promotional media, an application that applies AR has to provide high-quality images [15]-
[18]. This is quite a different application from conventional mouse-and-keyboard applications. Thus its
usability for its users needs to be evaluated to verify whether or not the application has satisfied its
intended users. Therefore, evaluation of such media is required in order to improve the quality of the
advertisement. Such evaluation can be conducted through, among other ways, the usability method,
which is one of the most widely used evaluation methods for measuring the success of a product [19].
In this evaluation, usability becomes the key to determining whether a system is beneficial and usable
from the users' perspective [8], [20]-[22].

Usability Evaluation is widely employed for qualitatively assessing the ease of use of an
application interface [23]-[25]. An application is considered usable if all the designed features can run
effectively, efficiently, and, thus, satisfactorily [26]-[28]. There are several methods for conducting
Usability Evaluation. One of the simplest ways is Heuristic Evaluation (HE), a user-based evaluation
system that involves users as evaluators whose comments and suggestions are then heuristically
categorized [29].

This article elaborates on the usability evaluation of the E-Bahari AR application using the AR
Heuristic method following 1ISO 9241-11 and Nielsen Heuristics, as developed by Guimaraes and
Martins [30]. This evaluation was expected to provide recommendations for the improvement of the
application based on the evaluation result.

2. RESEARCH METHOD

The present study was conducted as a case study for evaluating the usability of the E-Bahari AR
application in line with 1ISO 9241-11 and adjusted Nielsen Heuristics criteria for the reality contexts.
The first step of the research was a literature study related to the Heuristic Usability method and AR
application. The second step was a usability evaluation of the E-Bahari AR application using the
heuristic method. Finally, based on the evaluation result, a recommendation is proposed for the
application's improvement. Figure 1 below describes the research procedure of this evaluation.

Literature Review

!

Evaluation of the Usability
of E-Bahari AR application

!

Recommendationfor
I mproving the Application

Figure 1. The procedure of Usability Evaluation of E-Bahari AR Application

A. Usability

Usability is the benchmark for evaluating and using a system, which includes the aspects of
effectiveness, efficiency, and behavior for achieving the goal of the system [20], [22], [31]. Usability is
often applied in qualitative analysis to assess the accessibility of an application interface. An
application is considered usable when all the intended functions work effectively, efficiently, and
satisfactorily [32]. Usability Evaluation is one of the most used techniques for assessing an
application's usability, which in turn is a key to its users’ reception of the application [19].
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B. Augmented Reality

The line separating the real world from the virtual world is extremely thin because of computer
applications that combine both worlds. Augmented Reality (AR) allows real-time exploration of the
environment through the integration of various displays and contents as designed by computers [33].
AR can produce precise perception by combining spaces in real life and virtual objects to create a
real-like experience.

However, unlike virtual reality, which entirely replaces reality, AR works by adding virtual data to
fact in the sense that virtual reality completes reality. The process of combining virtual data and data
from real life can provide ease of access to the richness of the multimedia content in a more
contextual way, hence, more meaningfully [1].

As defined by Azuma (1997, 356) in [33], an AR application has to cover three requirements:

1.The combination of natural and virtual perception

2.Real-time interaction

3.0bject has to be accurately adjusted into three-dimensional objects.

C. E-Bahari AR Application

Through AR technology, underwater tourism objects are simulated into 3D images for more
accessible information access. In this study, the tourism objects covered are the underwater tourism
objects around Bali. This application employs library vuforia, which represents three-dimensional
underwater tourism objects in real-life environments with the help of the markers in the e-Bahari
booklet and Android Smartphone. The booklet's pictures act as markers that will trigger the displays of
the tourism objects, along with the animation and the voice-over narration. Figure 2 below describes
the use of the e-Bahari AR application.

Figure 2. The use of the E-Bahari AR Application

D. Heuristic Evaluation

Heuristic evaluation is a systematic inspection of the usability of the users' interface design.
Proponents of heuristic evaluation believe that through the user's interface in line with the heuristic
usability, heuristic evaluation detects problems with the heuristic applied and the severity of the
problem. This method is considered efficient, easy to learn and use, and affordable as it needs to
involve a few users/evaluators to evaluate the application. Heuristic evaluation is usually conducted
during the application development stage and is focused on the prototype. The heuristic evaluation
aims to detect the most obvious usability problems before the application is further developed [33].

In the present study, the heuristic evaluation employed is adapted from the model developed by
Guimaraes dan Martins [30] with adjusted criteria as follows.

1. Visibility of the system status evaluates how the application is perceived by the user. Because
the AR application uses a detecting system to determine the position of the virtual content in
the actual scene, users should receive feedback about the application. It must be quick and
dependable;

2. Tracking system utilization to position virtual content in a real scene, which is fast and reliable
if the user is spared while interacting with the app;

3. Match between the system and the natural world
In order to present information in a manner that is both logical and natural, application design
must adhere to real-world conventions.Virtual content must be accessed by users in the same
way they would in the real world. The scale of the animations and objects must match that of
the virtual environment;
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User control and freedom

Applications should provide freedom so that users can perform and undo wrong actions. If the
user serves an incorrect marker to the camera, the application should support simple marker
replacement, if possible, providing the user with information about the error;

Consistency and standards

The layout of the application interface and user interaction must be consistent. Users should
interact in the same way with all virtual objects. To prevent errors, each marker needs to be
linked to a specific virtual object or action;

Error prevention

Applications should be designed to avoid errors and prevent unwanted actions. Suppose it
pops up the message "3D Loader is not working properly" appears;

Recognition rather than recall

This determines whether the user can run the application intuitively. The function and position
of the marker must be easy to understand;

Flexibility and efficiency of use

Users must be able to interact with the application quickly and flexibly. Interaction conducted
by novice users and expert user should not be much different. It is preferable that expert user
can quickly interact without requirement to watching instruction. In addition, users and markers
must be positioned easily in the environment;

Aesthetic and minimalist design

Provided information for the dialogue with the user should be relevant. Irrelevant information
may distract user’s attention. Moreover, the presence of multiple virtual objects in the same
application can lead to information overload;

10. Help users recognize, diagnose, and recover from errors

The application must pinpoint the problem and provide constructive suggestions. For example,
if a marker is not detected, the application must guide to resolve the error;

11. Help and documentation

It is better if the application can be used without documentation, but providing reasonable
procedures and documentation is beneficial. Information should be easy to find and focus on
the user's task concisely. For example, the app should explain how each marker works. An
explanatory video for AR users is an exciting solution.

The Nielsen heuristics defined for evaluating AR applications are extended to include

effectiveness, efficiency, and satisfaction, following ISO 9241-11. This makes it possible to overcome
the drawbacks of this heuristic method, whose initial focus was on desktop applications. These
heuristics include the following [30].

1.

Accuracy

How accurate the system is during the interaction. The position of the virtual content on the
image is determined by the tracking system and cannot be different;

Environment setup

AR applications require special devices such as sensors and/or cameras. Environmental
setup should be as simple as possible;

Satisfaction

It measures the extent to which AR applications exceed user expectations. Interaction is an
essential aspect of AR applications, and users must have a positive attitude toward the
application.

Furthermore, each heuristic principle is assessed for its problem rating to determine the priority

of the subsequent system development. Three factors affect the ranking of usability problems, namely
how often the problem occurs (frequency), how difficult the problem can be overcome (problem
impact), and how resistant users are to the problem (problem persistence). The rating scale for
measuring the rating of usability problems is as follows [34]:

0 = no usability problem

1 = Cosmetics (issue does not need to be fixed unless additional time is available)
2 = Minor (problem needs to be fixed but low priority)

3 = Major (problem needs to be fixed with high priority)

4 = Disaster (Must be repaired before the product is released to the market)
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The evaluator mapped the issue using a heuristic approach, ranked the issues according to
each heuristic principle, and recorded all of the difficulties or issues that they encountered after
performing a series of user tasks.The final step is to determine the design feature that caused the
issue and give it a severity rating.. The list of problem parameters for grouping design features is as
follows [35]:

1. Graphic Display, perspective distortion or 3D depth, low image resolution. The indicator is the
problem of perception.
2. Movement and manipulation of the user's presence, divided into several devices (such as
glove, joystick, 3D mouse, pointer, and so on), represent the user in a virtual environment.
The indicators are navigation and manipulation problems; for example, the pointer object
represents the user's focus of vision.
3. Interaction between objects in the virtual environment. Indicators are failed interactions or
inappropriate feedback.
Environmental Features. Some environmental conditions do not have the proper effect.
Interaction with other controls. An example of a menu button problem.
Other hardware issues. Examples of smartphone and head-mounted display (HMD) problems

o gk

The severity rating value for the classification of design features is based on the following four
categories [35]:

1. Severe = The problem encountered will make it impossible for the user's task to be completed
successfully.

2. Annoying = The problem encountered will interfere with the user's task. Still, most users can
solve the problem if there is a sufficient explanation of the solution; sometimes, it takes a lot of
time to solve it.

3. Distracting = The problem at hand will interfere with the user's task, but most users are
relatively quick to solve the problem with a few hints of a solution.

4. Inconvenient = The problem encountered will interfere with the user's task but most users are
able to solve the problem without assistance. Peringkat diolah berdasarkan evaluasi sumatif
dari AR dan evaluasi formatif untuk fokus area yang harus didisain ulang pada versi
berikutnya. The ranking is processed based on the summative evaluation of AR and formative
evaluation for focus areas that should be redesigned in the next version.

3. RESULT

This study evaluated the E-Bahari AR application, which aims to introduce underwater tourism
objects in Bali. The heuristic evaluation method requires more than one evaluator to be reliable
because it is impossible for one evaluator to find all design problems. In this case, the evaluation was
carried out by three expert appraisers who studied Augmented Reality and Usability, where the
experts had never used this E-Bahari AR application. This evaluation is based on the heuristic
developed by Guimaraes and Martins [30]. The evaluators have analyzed the application of AR
heuristics separately. After individual evaluation, the results were compared in one group session.
Each evaluator has used this app individually and with different devices. Evaluator 1, Evaluator 2, and
Evaluator 3 use mobile phones with other specifications in testing the E-Bahari AR application. The
specifications of the equipment used by each evaluator can be seen in Table 1 below.

Table 1. Specifications of the E-Bahari AR Usability Evaluation Tool
Evaluator Device Specification

I HP: Xiaomi Note 3~ Size: 5.5 inches, OS: Android 5.1.1 (Lollipop), CPU:
Hexa-core, 16 GB ROM, 2 GB RAM, Camera: 16 MP

I HP: Vivo Y31 Size: 4.7 inches, OS: Android 5.1.1 (Lollipop), CPU:
Quad-core, 8 GB ROM, 1 GB RAM, Camera: 8 MP

i HP: Samsung S5 Size: 5.1 inches, OS: Android 4.4.2 (KitKat), CPU:
Quad-core, 32 GB ROM, 2 GB RAM, Camera: 16 MP

The E-Bahari AR application has appropriately represented the underwater environment and the
required 3D objects, including the effects of light on seawater, coral reefs, fish objects, turtles, and
other objects. However, virtual things with the real world are still not suitable, the interaction of objects
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displayed is still less natural, and the lack of interaction between users and applications can be seen in
Table 2 and Table 3.

Table 2. Interpretation of Heuristic Evaluation and Ranking of Problems Found

No Criteria Rank Problem Identified

1  Visibility of system status 0 Inconsistent marker sizes, significantly larger
markers, cause applications to be slower in
detecting and displaying AR objects

2 Match between the 2 Sometimes only a few fish are seen, and the

system and the real world position of the fish object needs to be adjusted

Suitability of fish objects based on habitat/area
(dolphin not seen in Lovina virtual environment)
The diver's object does not seem to move
(adjustment of the diver's leg and body
movements), so it looks less realistic

3 User control and freedom 1 The app can only detect one marker if the camera
or sensor detects two markers

4 Consistency and 0 No problem, the size of the environment and
standards virtual objects are consistent
5 Error prevention 1 The application does not show status or
messages when it has not detected a marker
6 Recognition rather than 0 Images that become markers in one environment
recall in a booklet do not have descriptions, so if there

are several images, it is sometimes difficult to
remember the markers.

7 Flexibility and efficiency 0 There is no problem. Users can easily change the
of use position of the marker and the correct orientation
so that it can be detected by the camera/sensor
8 Aesthetic and minimalist 1 The number of virtual objects in the E-Barine AR
design environment is not appropriate, and the lack of
variety of fish objects
9 Help users recognize, 4 There are no user instructions on what to do
diagnose, and recover during the interaction (For example, point the
from errors camera at the marker to see an object)
10  Help and documentation 3 There is no menu of instructions for using the
application in the form of text, audio, or video
11 Accuracy 0 No problem, the app still works fine if the tracking

system detects more than one object in the scene
(stable tracker)

12 Environment 0 Phone specifications affect the speed of the
configuration application and in detecting markers
13 Satisfaction 0 There is no problem, the user can move freely

during the interaction with the virtual environment,
and the application can achieve the goal of
providing underwater tourism information on each
area through virtual objects.

Table 3. Classification of Problems with Severity Rating and Proposed Design Development Based on Design

Features
Feature Problem Description Degree Proposed Design Development
Chart 3D object design Minor Improved the design of 3D objects,
in particular the texture details of
some fish, to make them more
realistic
Presence User vision focus Minor Using the appropriate marker size so
representation that the application is fast in
detecting and displaying objects
Interaction Fish object Moderate Make interactions between objects
interaction with other more natural, especially fish objects
objects with other fish (eg fish move away

when near divers)
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Feature Problem Description Degree Proposed Design Development
Environment  Variation and Moderate Added several other types of fish
movement of objects objects to make them more varied,
adjusting fish objects in each
habitat/area
Control Menu and Severe Fixed the position and animation of
Navigation the movement of fish and divers

objects (adjustment of the diver's leg
and body movements)

Hardware Camera and Lighting  Minor Added instructions for novice users
when first using the app

4.  DISCUSSION

The usability evaluation results show that in the virtual AR environment, sometimes only a few
fish are seen, and the diver's object looks like it's not moving. Figure 3 visualizes the application's lack
of position adjustment and variation of virtual objects. It is necessary to improve the position and
animation of the movement of fish and divers objects (adjustment of the diver's foot and body
movements). The addition of several other fish objects and adjustment of fish objects in each
habitat/area was also recommended.

keindahan pemandangan pantai yang masik
dan pertunjukan lumba-lumba liar_di ko ovina
juga menawarkan kegiatan wis;
dapat menyewa peralatan sela
disediakan oleh jasa peny

peralatan selam

¢ N =
Figure 3. The position of the fish object and the movement of the diver are not appropriate

Furthermore, the evaluation results show a lack of interaction between fish objects and other
objects (some fish appear to gather and move slowly, and there is no interaction when the diver
approaches the fish), as shown in Figure 4. Therefore, it is necessary to make interactions between
objects more natural, especially interactions between fish objects with other fish as well as divers
(Suppose a fish moves away when near a diver).

Taman Nasional Bali &
yang secara admini:
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Kabupaten Je
Kawasan ini me:
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dangkal (sekitar 10 i
yang terdiri dari dua {1
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gugusan karang
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penggemar fotografi bawd

laut Dikawasan it an 4 \
dilengkapi dengan sarana
penuniang aktifitas menyela “ -

yang dikelola oleh kelompok

Figure 4. The interaction of fish objects with

other objélcts (fish and divers) is less natural

The evaluation results also show that the E-Bahari AR application does not yet have a
manual user feature on what to do during the interaction, as shown in Figure 5. So it is necessary to
add instructions for novice users when they first use the application (for example, point the camera at
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the marker to view objects) and add a menu of application guides/tutorials in the form of
text/video/audio to make it more interesting.

TEMPLE GARDEN PEMUTERAN

Pemuteran berjarak
20 menit perjalanan
dari Labuan

Lalang, merupakan
kompleks resort
yang terdapat di tepi
pantai. Penyelaman
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sangat menarik
karena sering terlihat
ikan-ikan jenis
tertentu yang tak
dapat ditemukan di
lokasi penyelaman
lainnyaa Lokasi ini
mencapai kedalaman

5\, L. y NN ;..o
»UP ¢ =

Figure 5. There is no application guiae/instruction feature for users

>

Based on the usability evaluation results, application improvements are needed to overcome
usability problems in the E-Bahari AR application so that this application has a better usability level.

In addition, the trial of the three devices with different specifications showed that particular
problems were found when using a low-specification device (affecting application speed and detecting
markers). In contrast, other devices with higher specifications did not experience problems. So to be
able to run the application to remain stable it is recommended to use a device with a higher
specification. This research does not contribute novel scientific progress but focuses on fulfilling
aspects of effectiveness, efficiency, and satisfaction through heuristic evaluation of the developed
application. Evaluation of this application is in line with research from [27] on heuristic evaluation of
Virtual Reality applications that is aimed at gaining insights into the application being developed and
the necessary improvement.

5. CONCLUSION

Based on the results of the analysis and discussion above, the conclusions of this study are as
follows: (1) Evaluation of AR Heuristics that conforms to 1ISO 9241-11 and Nielsen Heuristics can
diagnose problems that may occur in the E-Bahari AR application by taking into account usability
aspects; (2) In general, the E-Bahari AR application has properly represented natural underwater
conditions with the required 3D obijects, including the effects of light in the sea, coral reefs, fish
objects, turtles, and other biotas. But the app still has minor glitches with graphics, presence,
interaction, and hardware features. An important part that needs attention when improving the
application design is the rearrangement of the position and movement path of the fish object and the
animation of the diver's body movements so that the movement of 3D objects looks more natural. In
addition, it is necessary to add a feature of instructions for users on what to do during the interaction;
(3) Based on trials of 3 devices with different specifications, particular problems are found when using
low device specifications (affecting application speed and detecting markers). In contrast, other
devices with higher specifications do not experience problems.

For further research, it is necessary to add other methods to measure other essential usability
aspects so that the results of the study are more detailed about what indicators need attention. The
current usability method still needs to be developed to see the effect of AR technology on interest and
motivation to learn in the world of education.
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