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Abstract. This paper explores the introduction of mobile technologies in a
particular serious games subset called learning games. We focus on two main
purposes where mobility turns out to be useful: situated learning and
collaborative learning. The article outlines the opportunities and the remaining
challenges for these learning situations. Some important issues are highlighted
for immerging learners in real context. We also propose some scenarios to
illustrate the benefits of mobile devices in classroom situations.
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1 Introduction

Mobile devices are increasingly present in our professional and personal lives. Their
growing capabilities (memory, CPU), their connectivity (3G, wireless technologies)
and their features (web browser, GPS, camera and video recording. etc.) open new
opportunities, particularly in the field of education. Mobile learning brings new
technological and educational challenges as evidenced by the many issues raised
during recent conferences on this topic. For instance, mobile technologies enable
more motivating learning experiences.

In this paper, the potential of the use of mobile technologies in serious games is
explored. Serious games are “games used for purposes other than mere
entertainment” [1]. We focus specifically on learning games, a serious game category
aiming at using game mechanisms to promote the learning of knowledge and the
building of skills.

Mobility and mobile technologies could be of a great interest in learning games
situations for two main purposes:

- to favor situated learning,
- to promote interaction and collaboration between learners learners for in-class
situations.

2 Mobility Technologies to Favor Situated Learning with Games

Mobile learning, or M-learning, allows learners to access learning material anytime
and anywhere through several devices. From our point of view, a M-learning
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application must be able to extract, interpret and use contextual information and adapt
functionalities to the current context of use. In this way, the learning could take place
in situation. We refer to situated learning theory [2]. In this theory, learning act is
situated in the activity in which it takes place. Situated learning occurs when learners
work on authentic tasks that take place in real world. Using learning games based on
role-playing in a real situation could favor the learning of particular behaviors.
Learning may occur in location and time which are significant and relevant for
learners.

Several innovative educational situations can be identified. We illustrate them in
the following parts of this section.

2.1 Taking the Natural Environment into Consideration

A possibility with mobile learning is to use the natural environment as a source of
information. Some knowledge needs students learning through observation and is not
very easy to teach by either traditional classroom teaching or web-based learning
environment. Mobile application proves to be useful in this case. For example, the
“Butterfly-Watching System” [3] supports an activity in which each learner takes a
butterfly picture with a PDA (Fig. 1). Retrieval technique is applied on a database to
search for the most closely matching butterfly information and is returned in real time
to the learner’s device.

Fig. 1. The Butterfly-Watching System [1]

With a similar idea based on observation, an augmented reality game was designed
to teach zoo visitors about the illegal wildlife trade [4]. So natural science learning
could benefit from outdoor mobile learning game technologies by allowing open
activities as scavenger hunt or identification in a natural environment.

2.2 Engaging Learners into Simulation as Part of a Dynamic System

Mobile learning offers the opportunity to extend the notion of microworld [5]. In a
microworld, learners can explore alternatives, test hypotheses, and discover facts
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about that world. With mobile technologies, the learners themselves can act in an
immersive simulation of a dynamic system. For instance, in Virus Game [6], learners
took part in a participatory simulation about the spread of a virus. Students wear an
active badge and the proximity with another student may spread the virus. Learners
can define strategies to understand how the virus is spreading, who is the initial
infected person, who is immune... The result is that students were really engaged
with the simulation, and found it to be a rewarding and stimulating experience.

Another example of learning game engaging the students into a simulation is
Savannah [7]. In this game, children use PDAs, moving around a playing field
outdoors and acting as lions. The main challenge is to understand and survive in a
territory. They have to collaborate in order to achieve the games objectives.

The goal of these kinds of research works is to move a simulation into the real
world, so students can interact with and see the effects immediately. By making them
actors of the simulation, they are more engaged in the learning process. Naismith et al.
[8] highlight the benefit of having a learner, through a networked device, become part
of a dynamic system: “they do not just watch the simulation, they are the simulation”.

2.3 Favoring the Learning of Professional Skills and Gestures

Combining the real and the virtual can be a good solution to achieve educational
goals. Augmented reality techniques could be used to teach some gestures. For
instance, HMTD (Help Me To Do) [9] uses wearable computer and head-mounted
display to teach maintenance and repairing of professional appliances. The main idea
is to put the user in a precise situation (use, maintenance, diagnostic or repairing) to to
understand functioning principles and commands. The augmented reality allows to
link different representation of the same information.

The Context-Aware Agent-Supported Augmented Reality System (CAARS) [10] is
an industry research initiative developed for the manufacturing training domain. This

Fig. 2. CAARS user’s view of an engine with see-through goggles [10]
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system has been extended for developing a mobile augmented reality learning game
with a virtual instructor in mixed reality. The goal is to favor the learning of
professional skills as well as psychomotor task in real world environments.

This kind of mobile augmented reality learning game is at the beginning. Learning
scenarios are quite basic at the moment. We think that next generation will integrate
more elaborate and collaborative games scenarios that will increase the learners’
motivation.

2.4 Mobile Learning Game for Situated Learning: Main Issues

Mobile learning game still in its infancy and a lot of research works should be done
for a deeper understanding of its design principle and learning impacts. We can
highlight several issues:

- Supporting temporal mobility: Dispersion in time makes it hard to define
precisely the start and end of a mobile learning session. Learning scenario
should consider this aspect and support not only the spatial mobility of
students, but also their temporal mobility (for example by giving the
opportunity to easily stop and resume a session). Facilities should also be
provided to facilitate asynchronous discussions in a contextual way [11].

- Integrating mobile applications into global learning systems: The question
of the integration of a mobile learning game application can be addressed from
two points of view. First, a learner should be able to switch seemlessly
between a desktop application and a mobile application. This HCI concept can
be done with solutions of user interfaces redistribution [12]. Secondly,
information gathered during mobile use could be reuse on desktop applications
in order to adapt the learning game to each learner experience. So, mobile
learning applications should be seen as a part of a whole, in relation to other
learning tools used by students.

- Making a room for the teacher: we know that human teachers play an
important role in e-learning, even if virtual tutors are used. Teachers favor the
transfer of knowledge from one situation to another, from one context to
another. So the role of teacher should be deeper integrated in mobile learning
game scenarios. In particular, tutoring should be facilitated by giving teachers
specific tools to finely monitor students’ activities.

To sum up, in situated learning research, mobility is considered as a key issue for
immerging learners in real context. From this perspective, most of mobile learning
games are designed for “outside the classroom” scenarios. However, introducing
mobility in a well-known and static environment, such as the classroom, can also
present some advantages.

3 Introducing Mobile Devices into the Classroom to Promote
Learners Interaction

The introduction of mobile technologies into the classroom can present some
advantages in terms of collaborative learning. This theory is based on the role of
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social interactions in the process of learning. Mobile devices present two advantages
that seem to favor social interactions and collaborative situations. First, they can
easily communicate with other devices. Secondly, collaboration between learners is
possible through and around the device [8].

3.1 Existing Systems Using Mobility in the Classroom

Concretely, a major part of the studies focusing on the introduction of mobile devices
into classrooms are limited to systems that gather responses and provide feedback
during in-class exercises. Several studies use mobile phones for submitting solutions
in the form of text or photos via SMS/MMS services during exercises or revisions
[13], [14]. Experimenting these systems underline usage limitations due to the device
features. Learners regret, for instance, a lack of detailed feedback due to the limited
size of the screen, and they express a desire to use other platforms to access to more
functions. They suggest, for example, to use laptops or tablets to have a best vision of
their work or to consult resources such as Wikipedia. To overcome partially these
problems, others studies prefer the use of tablet-PC to allow learners to submit digital
ink answers [15]. However, all these studies are based on a behaviorist learning
approach: they focus on learners’ personal work and are applied to classic exercises,
neither game motives nor collaboration interactions are used.

In the end, to come closer to the usage of mobile technologies that we expect into
the classroom, research on mobile-CSCL (computer-supported collaborative learning)
presents some interesting leads. MCSCL explore the use of handheld devices to
support a natural mobile collaboration environment with face-to-face social
interactions [16]. In particular, two studies catch our attention. The first one
introduces handheld devices in a collaborative learning (CL) activity for ordering
numbers for children [16]. The authors use mobility to overcome usability problems
encountered in the classic CL activity. In particular, mobility allows enhancing
children’ participation and social interactions, including coordination, organization of
individual work with joint group activities, involvement in the activity, negotiation,
synchronization, etc. The second significant work, called Caretta, introduces mixed
reality into the classroom to favor face-to-face collaboration [17]. A sensing board
with RFID recognition insures collaboration in a shared space via physical objects
and PDA devices support simulation activity in personal spaces. Mobility is here
considered as a support for personal reflection within a CL activity.

3.2 Main Issues to Consider When Using Mobility in the Classroom

This brief overview of literature demonstrates that the introduction of mobile
technology in the classroom is not fully exploited and points out some considerations
to be taken into account when designing mobile learning games in the classroom:

- Whatever the approach chosen (behaviorist or collaborative learning), the use
of mobile devices has to be combined with others devices. In the MCSCM
approach, the combination of (homogeneous or heterogeneous) platforms
allows personal work as well as synchronization/collaboration with the rest of
the group. As counterexample, the exclusive use of mobile phones for in-class



Introducing Mobility in Serious Games: Enhancing Situated and Collaborative Learning 17

exercises revealed lack of significant detailed information and too restricted
functionalities.

- Mobile technologies can strengthen the success of learning games. Schwabe &
Goth [18] address some general issues in designing mobile learning games in
regard to social aspects (such as face-to-face collaborations) and
representation of interesting aspects of reality (with augmented reality for
instance), leading to better focus and motivation from learners.

Despite these advantages, the use of mobile devices inside the classroom is
little explored in mobile serious games (except in the MCSCL approach).

- The studies presented here are considering mobility from the learners’
perspective. Very few studies envisage teachers as end-users with mobile
tutoring requirements. So far, tools developed for teachers using mobile
technologies concentrate on management of administrative tasks [8].

3.3 Illustration of Mobility Benefits in the Classroom

From these considerations, different contexts of use emerge from the introduction of
mobile device into a classroom. For example, learners could use a platforms
composition (using a shared computer and their personal Smartphone), or they can
play different roles (like in Savannah [7]). To be efficient, the interface of the learning
activity (or educational scenario) must support and must be adapted to the different
potential contexts of use. To go further, we propose to consider the introduction of
mobile technologies on learning games relying on a HCI concept called plasticity.
Plasticity denotes the capacity of user interfaces (UI) to adapt to the variation of
context of use while preserving usability [19]. Depending on the situation, UI can be
transformed (remolding) or can be redistributed among the available interaction
resources (redistribution by partial or total migration [12]). More than adaptation
itself, we’ll use these mechanisms to explore the possible usage of mobile devices
into learning games (see [20] for similar approach for e-government).

In a classic learning game session held on our industrial engineering school
department, students are working by groups. They usually follow the educational
scenario on a same computer and collaborative tasks are done with pen and paper.
During a session, the time is shared between group work and debriefing with the
tutor. For example, in the game named “Puissance 7 (P7), students have to solve an
industrial problem by choosing well-known quality tools. In this particular context,
we identify several situations where the use of mobile devices combined with
plasticity mechanisms can enhance collaborative learning.

Moment 1

John, Helena and Peter are taking part of P7. In the educational scenario, they have
to lead an investigation to find out the causes of a problem in a particular company
and choose solutions (learning problem solving quality methodology and tools) on
a shared computer. At each stage of the game, they have to choose the appropriate
tool from the quality methodology. They can vote and justify their choices on their
Smartphone. Peter doesn’t choose the same tool as John and Helena. After
discussion, he let be persuaded and they validate their final choice on the shared
computer so that they can reach the next stage of the game.
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Analysis

Thanks to a distribution of the HCI on both personal Smartphone’s and shared
computer, learners can take their own decisions and share or synchronize them with
the rest of the group. Therefore, the platforms composition guarantees the regulation
of social interactions offering decision making and negotiation spaces. In addition, as
in Zurita et al. [16] study, the introduction of mobile devices assures that each
member of the group participated.

Moment 2

As they advanced in the investigation, John, Helena and Peter collect information
by interrogating people in different departments of the simulated company. But
Helena is a little confused with all the information collected. Whereas her friends
are completing the elements that they found on the shared computer, she decides to
look back to what they discovered. She uses her Smartphone to look at the
company printed map as if she had a magnifying glass: thanks to the augmented
system she can easily repair the departments already visited (additional information
is added to the camera-based vision on the screen of the Smartphone). She comes
closer to the technical department and the information collected is displayed. She
can play again the interview with the technical manager, check the cues collected,
etc. She can specify the importance of the information. By moving away her
Smartphone, she comes back to the global augmented vision of the company map.
The technical department is now marked as containing major information.

Analysis

The augmented system allows each learner to trace the investigation from a personal
perspective (adding some personal assessment on collected information for instance). As
suggested in Caretta [17], the use of Smartphones creates personal spaces that support
individual activity without interfering with group activities (on the shared computer). In
addition, the use of augmented reality should enhance the immersion of learners into the
game leading them to get more involved in the investigation (as in [18]).

Moment 3

At the end of a game level (or stage), John, Helena and Peter meet again Patrick,
the SG tutor, and the rest of the class at the central table for a debriefing session.
John put his Smartphone on the central table. Doing so, the HCI offers him a global
vision of the problem solving methodology and the course of his own team. As
Patrick is explaining some theoretical concepts manipulated during the previous
stage, John can inspect on his Smartphone all the tools used previously and the
consequences on their investigation and on the decisions they made.

Analysis

During collective sessions (moment 1 and moment 2), tools provided on mobile
devices allow learners to work individually within collaborative activities and they are
combined to the shared platform for coordination/synchronization. In these sessions,
learners are playing the role of quality consultants and are part of team. When they
come to the central table for debriefing sessions, they occupy the role of student
reflecting on the methodology learned, tools choices, consequences of a decision, etc.
(the concept of multirole support is explored in Savannah [7]). Regarding HCI
plasticity, the change of role triggers an adaptation the Smartphone HCI that will
provide appropriated tools.
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Moment 4

Patrick is the tutor of P7. During collaborative sessions, Patrick has to help the
different groups in their investigation giving them some clues. Thanks to his tablet,
he can visualize additional information regarding the investigation (such as
recognized key-words in the interviews phases). In addition, his tablet provides him
an overview of groups’ progress in order to help him to synchronize the different
groups when needed. When he gets closer to a particular group, Patrick can migrate
the detailed view of the group progress on his phone. He can also trigger the
synchronization by using his tablet as a remote control (the game level will be
automatically completed).

Analysis
Here the mobile device is considered from the tutor or teacher perspective. The
functionalities and information provided by the system are adapted according to the
position of the tutor within the classroom (his proximity to a particular group for
instance).

Future work will be focused on the implementation of presented scenarios for
collaborative learning enhancement and validation with users’ experimentation.

4 Conclusion

In this paper, we present how the use of mobile technologies in learning games can
favor situated learning and collaborative learning. We outlined the opportunities and
the remaining challenges for each of these learning situations. We have also identified
common issues which are important to address for the future of mobile game-based
learning. A first aspect concerns authoring tools. The design and development of
mobile learning games is complex and time consuming. Methods and tools currently
exist to help the design of learning games [21]. New functionalities should be added
to give authors the possibility of exploring pedagogical innovations with mobile
devices. A second issue is related to the place of the teacher in mobile learning game
situations. For both classroom and outdoor contexts, learning impacts greatly depends
on the quality of human tutoring. The design of a specific and adapted
instrumentation is essential in order to support this tutoring activity in a mobile
learning environment.
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