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Abstract

Mobile Augmented Reality (MAR) is a unique creation in the game playing field between
digital and real physical environment surroundings the players. Designing mobile augmented
reality games is a challenging mission and observation is needed every perspective in creating
an enjoyable and exciting player experience. This paper will discuss existing research to
review the design principles of mobile augmented reality for games. The discussion on the
current AR design principles in MAR would assist in identifying potential elements of AR
design principles as design guidelines for AR for designers and educators respectively.
Keywords: Design Principles and Mobile Augmented Reality Games.

Introduction

New developments in augmented and virtual reality investments are rapidly sustaining
growth, the survey of a new finding by global law firm Perkins Coie LLP shows respondents
have chosen gaming as the segment they predict will attract the utmost investment for the
next coming year, (Coie, 2018). The survey of professional respondents shows that most of
them are currently developing video games for AR/VR (39%) in 2018 and that is the highest
percentage among eight different types of content such as video games, movies and
entertainment, social media, advertisement, music, news and visual stories, livestream, and
others. However, there was insufficient research on the guidelines of the MAR game in the
research segment and this statement was supported by Liang (2016), she highlighted the lack
of research about the theoretical framework or the principles of AR design. The principles of
design for augmented reality are mostly overlooked as there is little information in this
particular part and very limited design guidelines have been established. In order to create a
better version of MAR games design, the fundamental principles of AR design are useful and
as guidelines for AR designers and educators to create a quality MAR games design, (Dunser
et al., 2018),
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Mobile Augmented Reality Games

According to Dirin and Laine (2018), clarified simulated content in MAR games can be
shown in a number of forms such as animations, three-dimensional modeling, and videos. For
example, the Snapchat instant messaging application and the Pokémon Go game are fast
becoming new trendy AR features in smartphones and this trend in new technology has
improved players’ and developers’ views and reactions to these features.

According to Statista (2017), clearly stated young generation spends more time with their
mobile devices from 107 minutes in 2012 to 223 minutes in 2017. Most of the time they
spend on mobile games, which is why they make the greatest contribution to the rapid growth
rate of mobile devices used. Action and arcade games becoming current trendy mobile genres
have been downloaded more than 60 million times in 2016.

According to Statista (2018), determined the market size of Global Mobile Augmented
Reality growing faster over five years. Starting from 2013, users of 60 million mobile
augmented reality had increased and continued to grow over 200 million users by 2018.

Design Principles of Mobile Augmented Reality Games

In the learning study, AR games can increase self-motivation and a well-designed AR game
can also have a positive influence to the game play process, (Ferrer et al., 2013). The previous
researcher discovered that the AR interaction technique offers new gaming experience but it
requires simple AR design to coax the player from paying too much attention to technology
instead of playing games, (Permadi & Rafi, 2016).

Fortunately, the current augmented reality research has established minimal guiding
principles, design systems and evaluation approaches, (Huang, Alem & Livingston, 2012).
Another discussion about design challenges for AR designers was made regarding how
knowledge could be structured and linked in a rapidly evolving real world in a way that
prevents users from intellectually overloading arising from the significant amount of data
available? (Kourouthanassis et al., 2015). From this citation, there may be good reason to
focus specifically on the identification of appropriate AR design principles.

From published literature, MAR applications show great potential in user application
interaction, but less of design principles and guidance for researchers and experts to design
using an acceptable method, (Kourouthanassis et al., 2015).

This paper studied the design principles of mobile augmented reality applications and
games. It reviewed the existing MAR applications and games available in the digital market
based on discussions from previous researchers. Three researchers have come up with
instructive design principles elements herein.

Beginning with Hollerer (2004), the researcher covered five elements of augmented reality
such as consistency, control, display space, scene dynamics, and need for embedded semantic
information. The researcher highlighted Mobile AR GUIs need to face with complex task
compared to traditional 2D graphic design and need to face with an unlimited display space
surrounding the user. The situation of augmented space depends on the user’s position. Next,
Kourouthanassis et al (2015), also focused on the five elements that were suitable with AR
such as using the context for providing content, delivering relevance to the task content,
informing users about content privacy, providing feedback about the infrastructure’s
behaviour, and supporting procedural and semantic memory. However, it contradicts with
Liang (2016), who covered six elements of augmented reality such as user, interaction, virtual
content, actual content, device, physical or real world and tracking. In this research, visual
elements such as animation, video, sound and others inside virtual contents are mentioned,
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as well as virtual contents such as 3D model objects, 2D design or images, and text. Each year,
we would see the researchers make a strong enhancement in upgrading quality in augmented
reality with appropriate design principles.

Discussions of Design Principles and Approach

This paper empirically reviewed the discussion of Mobile Augmented Reality’s usage and
approach design principles of from past literature review. Hollerer (2004), specified five
different types design principles to guide the design of AR applications. First, consistency
when using computer users automatically can adapt the rationale of a new User Interface as
long it has desktop setting. However, it different with mobile augmented reality system, and
caution must take when designing interfaces to ensure the real and virtual worlds are
compatible with one another. The User Interface technique must either loosen the non-
occlusion criteria or guarantee non-occlusion in the face of potential contingencies. Secondly,
control is different with desktop User Interface, in which the only way for the user to connect
with the simulated environment is via a series of clearly defined techniques. For example, a
User Interface technique may focus on a specific object being visible to the user and not
obscured by other details. Thirdly, display space might compete with a variety of difficult
challenges opposed to conventional 2D interfaces. The recognition of that area of augmented
space is determined by the user's personal setting, location, and head-orientation. Fourthly,
scene dynamics, the scene in a mobile and head-tracked Ul can be even more dynamic than
in a static version. Since mobile augmented reality system device potentially move objects in
the physical world that could interact with the User Interface shown on the head-worn
monitor. Because of these random dynamics, the Ul screen configuration must be adjustable,
and the design of visual elements need to be modified. Finally, there is a need for embedded
semantic information in mobile augmented reality system to exist in order to identify Ul
behavior patterns, and explicit semantic relationships between virtual and real objects must
be created. Indeed, since certain simulated objects are designed to analyses the physical
environment, virtual objects must load or access data about the real objects. The researcher
mentioned most of the research community generally agrees on the majority of the elements
of AR systems, supported by the sharing of ideas and discussions via international conferences
but it still had minor variations in belief and perception.

Kourouthanassis et al (2015), found that most of the AR-related studies focused on
software and hardware issues. The researcher stated five different types of design principles
to guide the design of AR applications. First, use the context to provide content, and the result
shows strong functionality and system efficiency in terms of improving user friendly
interaction. Second, deliver relevance to the task content, and the finding shows enhanced
user experience (UX) in terms of functionality and effectiveness in discovery information that
relevant to user usage, and the ability to create innovative user-system experiences. Third,
inform about content privacy, and the outcome shows the user concerns about the use of
their personal data. Fourth, provide feedback about the infrastructure’s behavior, and it can
reduce of user frustration and increase user satisfaction through feedback messages. Fifth,
support procedural and semantic memory, and the result shows users preferred clear and
reasonable function in AR system design. The researcher highlighted each design principles
and interpreted these principles to overcome augmented reality design issues.

Liang (2016) highlighted that, virtual content is the important element in the augmented
reality architecture. The conceptual model element for virtual contents such as 3D animations
and model objects, 2D design or images, website, text, audio or sound information, and
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vibration. The researcher used six elements of augmented reality architecture such as user,
interaction, virtual content, actual content, device, physical or real world and tracking. This is
to set the limits of augmented reality and to specify the option available in the function of AR
for specific activities. This approach from the research of 15 Augmented Reality journals for
elderly adults shows the scope study in terms of entertainment, on-site place, training, and
transportation.

Conclusion

This paper discussed instructive design principles of mobile augmented reality applications
and games. There are five to six elements mentioned from three different researchers and
the finding shows that all three researchers highlighted semantic in information and memory,
and the usage of providing task content (virtual and actual content in mobile augmented
reality).

The significance of this discussion is to identify the basic potential elements in design
principles of mobile augmented reality. These findings will assist junior AR designers or
beginners and educators in implementing fundamental elements in design principles during
the early stages of the design process while constructing MAR game designs.
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