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Abstract. For professional workers today, keeping up with knowledge and the
continuous technology progress is challenging. Increased innovation speed and
dynamic work situations shorten preparation times for new tasks significantly.
Traditional professional training approaches preparing employees for new tasks
are becoming inappropriate. Thus new educational means are needed. These
would help employees get acquainted with new situations faster and more efficiently.
According to learning theories such as action learning and situated learning,
which embed the learning process in the application context and challenge the
learner to be actively involved help to improve the learning process. These theories are the basis for mobile learning and serious games. From research in Serious Games we know that games have the potential to actively involve learners
and to immerse them in a learning situation and increase their engagement.
With Augmented Reality (AR) and wearable devices a new generation of tools
and applications becomes available, which inherently are mobile, contextualized and personalized. First successful application scenarios show the potential
of these new technologies for education and training.
While the application of game-design patterns to learning processes help to systematically design learning games supporting specific learning outcomes, an
empirically tested, systematic approach towards the design of AR-based learning solutions is still missing.
Based on the state of the art in AR research and in applying design patterns for
serious games, we consequently propose a research methodology to apply game
design patterns to augmented reality-based learning games for the training of
professionals in dynamic situations.
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Introduction

We live in a complex society where technology and knowledge are changing at a
very fast rate (Aleandri & Refrigeri, 2013). In today's ‘high performance organizations’, workers must be prepared for continuous growth and development on-the-job
(ERIC Digest).
“In such fast-moving working contexts, skills and competences rapidly become
out-dated and need to be continuously implemented and empowered as a strategic
factor for global competitiveness. Traditional models of learning both inside and outside of the workplace have become unable to explain the complexity of such a process” (Manuti et al. 2015)
In this context, learning plays an important role “in individual career development
and organizational success”. To better underline how important learning is in the
workplace, Sambrook (2005) described the concept of workplace learning. His work
is very connected with Eruat (2000) and gives an important contribution to the clarification of its meaning by distinguishing between different types of context where the
learning process takes place:
- Learning at work: associated with planned training and education courses;
- Learning in work: correlated with the more informal processes implied in these activities, such as discussing, observing, asking questions, solving problems;
- Learning outside work: connected with the idea that some forms of learning
could also occur outside the boundaries of the work setting.
Besides, these distinctions foster an easier parallelism with the formal, informal
and non-formal learning definition retrieved from the educational/instructional field.
This is why “in all or nearly all situations where learning takes place, elements of
both formal and informal learning are present” (Manuti et al. 2015).
This concept is in line with the following learning theories: action learning theory,
based on the idea that learning requires action in a context (formal or informal) and
reciprocally action requires learning (Lewis & Williams, 1994). Furthermore the situated learning theory is based on the premise that knowledge is not independent, but
fundamentally situated; a product of the activity, context (either formal or informal),
and culture within which it is developed (Brown, 1998). Last but not least, according
to the mobile learning theory, learning cannot be separated from everyday activities: it
is integrated with non-learning tasks such as shopping or entertainment; it is organized into projects that are interleaved with everyday activities. Therefore “learning
needs emerge when a person strives to overcome a problem or breakdown in everyday
activity” (Sharples et al. 2005).
These theories are also the fundament for game-based learning (Wu et al, 2012),
where systematic approaches towards the design of applications have already been
explored with respect to delivering / providing the needed skills (Johnson et al.,
2011), the motivational potential (Carstens & Beck, 2010; Douch, & Savill-Smith,
2010) as well as their ability to address various target groups in the most effective
way (Unterfauner et al. 2010; Liao et al. 2011).
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In the remainder of this paper we discuss Game Design Patterns (GDP) for serious
games, the characteristics of Augmented Reality (AR) and propose a new research
idea focused on transferring the pattern-based approach onto designing AR Serious
Games.
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Serious Games and Game-design Patterns

The Mobile Learning NETwork’s (MoLeNET) review on learning game technologies suggests that mobile learning games provide potential for learning and teaching
in terms of “assessment”, “learner performance and skills development” or “social
and emotional well-being” (Douch et al. 2010).
Still, the use of (mobile) serious games, as compared to the continuous boost in the
games’ market (GlobalCollect, 2013; PWC, 2010; National Gaming Survey, 2009) is
limited (Arnab et al. 2012). Reasons for this are partly due to:
• The high technical demands required to design games or simulations (Goosen
et al. 2001); game development is complex and thus hard to realise within the
educational budgets (Westera et al. 2008).
• The difficulty to organise/customise Serious Games in a way that they fit into
the educational process (Klopfer et al. 2009). Games are often designed for a
specific purpose (and not customisable) or they require specialised customisation skills (which can hardly be done by a teacher/educator, who is usually not
a game designer or developer).
In the Serious Games research field, an approach to help simplifying the design
process for Serious Games is through applying a pattern-based approach as known
from the branch of the entertainment games (Björk & Holopainen, 2004) and combining it with educational objectives (Kelle et al. 2011). While this approach has also
successfully been applied to mobile learning games (Schmitz, 2014), little is known
on how to systematically apply game-design patterns to augmented reality.
We agree with Schmitz (2014), claiming that “Generally, mapping learning outcomes, patterns and context information may lead to a better understanding of AR and
pervasive games for learning and feasible results, which are suitable as a base for
design guidelines that define (a) patterns, which support the achievement of a desired
learning outcome and (b) ways of applying them”.
In the recent literature, we found some work by Wetzel (2013), “Design Patterns
supporting the Development of Mobile Mixed Reality Games”, who used the patternbased approach to design a game in AR/ mixed reality, but without providing any
evaluation or evidence that indicates the connection between the game patterns used
and their learning efficacy.
Considering the potential of AR for learning, which will be highlighted in the next
paragraph, we consequently propose a research methodology that applies GDP to
augmented reality-based learning games for the training of professionals in dynamic
situations.
With our idea we propose to move two steps further from Wetzel’s (2013) work by
performing: (1) an evaluation of the patterns which are suitable for an AR Serious
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Games and (2) to study those patterns and understand the types of learning they are
able to improve or stimulate in the users.
At this point clarification about the terms used is needed. What do we mean with
game-pattern, what is it? Is it a game mechanic, an algorithm, or a concept more connected with pedagogy?
Computer game designers frequently use the term “game mechanic” both in the
context of board games and that of technical programming (Lundgren & Björk, 2003;
Ott et al. 2014).
Lundgren and Björk (2003) outline game mechanics as “any part of the rule system
of a game that covers one, and only one, possible kind of interaction that takes place
during the game, be it general or specific (…) mechanics are regarded as a way to
summarize game rules”. Cook's (2006) claims: “game mechanics are rule based system/simulations that facilitate and encourage a user to explore and learn the properties
of their possibility space through the use of feedback mechanisms”. “A typical mechanic is “roll and move” that simply states that the dice are rolled and that something
else is moved depending on the outcome of the dice roll. The mechanic does not state
how and why something should be moved; this is determined in the rules for the particular game” (Lundgren & Björk, 2003).
According to Björk & Holopainen (2003), however, we can look at patterns as a
mean to support creative designing. Patterns are semiformal interdependent descriptions of commonly recurring parts of the design of a game that concern gameplay
(McGee, 2007). Through them it is possible to describe how the components and the
individual aspects of the game interact to create a gameplay experience.
The origin of the concept of “design patterns” hails from the field of architecture and
in particular was coined by Christopher Alexander (McGee, 2007). The Design Pattern is a method of codifying design knowledge in separate but interrelated parts and
has been used to describe game elements related to interaction. “The pattern approach
has increasingly been applied to other areas such as the domain of educational science
by way of pedagogical patterns (Kohls & Wedekind, 2011), for example, or to the
design of digital games” (Schmitz, 2014).
The GDP approach, indeed, has been successfully used in Serious Games (Kelle, et
al. 2011) and Mobile Games (Schmitz, 2014) and in the literature examples of “Design Patterns supporting the Development of Mobile Mixed Reality Games” (Wetzel,
2013) are already available.
Furthermore already in research the effects of AR solutions have been analysed, as
will be shown in the next paragraph.
The purpose of this article is to highlight that AR Serious Games can be effective
tools for training but need to be understood also how an AR game should be designed
to be effective for learning.

3

Augmented Reality

In accordance with Bower et al. (2014) we believe that AR is “poised to profoundly transform education as we know it”. Considering the widespread availability of the
Internet, and the level of diffusion of mobile, smart and wearable devices, it is evident
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that technology is already part of our daily life. It is expected, that approaches towards AR will become a major trend in education and training once wearable glasses/devices and other display technologies become widely accessible to end-users
(Freina & Ott, 2015).
AR can be considered as “a system that enhances a person’s primary senses (vision, aural and tactile) with virtual or naturally invisible information made visible by
digital means” (Specht, et al. 2011).
Thanks to a wide range of mobile devices, “AR is set to become a ubiquitous
commodity for leisure and mobile learning. With this ubiquitous availability, mobile
AR allows us to devise and design innovative learning scenarios in real world settings. This carries much promise for enhanced learning experiences in situated learning” (Specht et al. 2011).
The basic equipment/hardware needed for an AR system includes:
• Video camera to capture live images;
• Ample storage space for virtual objects;
• Powerful processor to either compose virtual and real objects or display a 3Dsimulated environment in real time;
• An interface that allows the user to interact with both real and virtual objects
(Bower et al. 2014) and
• Sensor infrastructure capable of identifying position, direction, movement
(such as geo-localization system and head - or other part of the body - tracking
movement sensor).
Due to its potential and the availability of the equipment needed for an AR system,
it has been used in different contexts, such as medicine, military, entertainment,
training, tourism, social networking, industrial applications, cultural heritage etc.
Mobile AR has been used in different projects, a wide taxonomy of which is available in FitzGerald et al. (2013) work. Furthermore, the authors stress the educational potential of AR; they mention a series of studies that empirically indicate the
efficiency of AR in
• Promoting engagement and motivation (Klopfer & Squire, 2008; Luckin &
Stanton Fraser, 2011);
• Improving memorability, engagement (Luckin & Stanton Fraser, 2011) and
motivation (Di Serio et al. 2012);
• Improving spatial skills (Martin-Gutierrez et al. 2011; Schmalstieg & Wagner,
2007);
• Supporting collaborative problem solving, (Cook 2010).
The use of AR in education has been profusely explored during the last decades,
showing significant evidence of its benefits for learning (Muñoz-cristóbal, et al.
2014). It is now necessary to explain how and why this medium differs from others in
the training context and what the advantages and disadvantages are for the learner,
taking into consideration Radu’s (2014) literature review: the author compared 26
academic papers and underlined the positive impact that AR experiences have had on
learners, as compared to non-AR initiatives:
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Increased content understanding: The studies examined by the author “generally indicate that students learn better when using AR than when using either printed media or using desktop software”;
• Long term memory retention: Research indicates that “content learned
through AR experiences is memorized better than through non-AR experience”;
• Improved physical task performance: “Through an AR experience, maintenance tasks are performed with higher accuracy, and students are able to better transfer their learning to operate physical machinery”;
• Improved collaboration: in the Morrison et al. (2009) study it is shown that
the group who used AR to create a shared space, contrary to “the more individual experience of a student using a GPS mapping application”;
• Increased student motivation: “user motivation remains significantly higher
for AR systems (vs. the non-AR alternative) even when the AR experience is
deemed more difficult to use than the non-AR alternative”.
The added value that AR has compared with other delivery techniques/tools comprise:
• Multi-modal visualization of difficult theoretical concepts;
• Practical exploration of the theory through tangible examples;
• Natural interaction with multimedia representations of teaching material;
• Effective collaboration and discussion amongst the participants (Liarokapis
& Anderson, 2010).
Starting from what has been highlighted until now, it is necessary to mention some
disadvantages experienced by learners compared to non-AR systems, found in the
literature and strictly connected with formal education, but relevant for our research
idea:
1. Attention tunneling; in the studies reported by Radu (2014) it is shown that learners
needed more attention than usual not only to live the experience but also to understand how to use the AR tool with the consequence of “ignoring important parts of the
experience or feeling unable to properly perform team tasks”;
2. Usability difficulties; “In several studies, users rate AR systems as more difficult to
use than the physical or desktop-based alternatives”;
3. Learner differences: people with high-achieving or cognitive disabilities have some
problems; for example “low-ability readers did not learn from parts of the AR experience which presented textual content. This is not surprising, but it does reinforce the
issue that educational tools must be well tailored to the capabilities of their audience”.
Usability problems are also highlighted in Klemke et al. (2014), which also recognizes the potential of AR wearable devices in overtaking the attention tunneling problem by making the interaction and the user experience as much as natural, immersive
and intuitive possible, avoiding also the need from the user to switch his/her attention
between the task deployed in the augmented context and the device in his/her hand.
Bacca et al. (2014) performed a detailed systematic review of the state of the art in
AR, analysing the field of education, the target group, the type of AR, the reported
purposes, advantages, limitations, affordances and effectiveness of AR in educational
settings. While a number of successful AR-cases can be found according to this re•
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view, only limited research has been devoted to analysing the combination of AR and
Serious Games with respect to realizing professional training for adults (Furió et al.
2013). Especially, while systematic approaches towards the design of AR games are
emerging (Wetzel, 2013), their underpinning with empirical research is still missing.
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Conclusion: Applying Game-Design Patterns to Augmented
Reality

While TEL-based educational approaches in general and game-based learning specifically proved to be helpful for learning, we found that research is needed studying
the potential of AR based mobile learning games for professional educational scenarios. Especially, empirical evidence about how to design learning games using AR is
missing.
Consequently, we propose to adopt the GDP approach as methodology, in order to
investigate game design patterns suitable for AR games and determine whether they
are effective for learning.
Therefore, empirical work is needed to understand which patterns are suitable for
which type of learning (considering design, usability and learning outcome). A starting point for this work is the literature and previous research (Kelle, 2012; Schmitz,
2014); that demonstrated the empirical evidence of the efficacy of the GDP approach
in Serious Games and Mobile Games. We now propose to move forward by transferring this functional methodology to a different field: AR, and by analysing, studying
and in case designing suitable new patterns for AR games.
Below some design patterns already identified by the authors of this paper, which
take advantage of AR potential, are listed:
• Localization: adding information related to the user’s position and orientation;
• Video recording and view sharing: sharing the user’s view with another user
or an expert;
• Synchronous communication: using communication features while performing a task;
• Contextualization: enriching the current view by providing contextual information (e.g. distance to specific points);
• Object recognition: enhancing or enriching an object in the field of vision of
the user;
We expect, that the utilization of these patterns in AR-based games can be beneficial to task performance and learning effects. However, little is known so far, when
and how these patterns should be used in order to foster positive effects. Consequently, a mapping to educational objectives will further help to describe design processes
towards the systematic application of GDP for AR games.
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