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ABSTRACT

Mobile Collaborative Learning Games combine all the ingredients reggeiss attractstudents’ attention and engage
them in learning activities. However, designing a coherent scenariccdahatines mobility, game mechanics and
collaboratve learning is quite a challenge. In this article, we take the first stepoppging several game patterns that
naturally integrate these mechanics in order to support educatioteal\@esaalso discuss ways to support teachers design
these applications and adapt them to their course material and spesnifilg situations. Finally, we identify the
technical challengetinked to the deployment of these applications such as dbrtyebetween mobile devices,
geolocation, real time adaptation of scenarios by teachers @ndelof data collected on the field as course material.
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1. COLLABORATE, PLAY AND MOVE

Teachers often feel the need to try innovative learning mechamecdénto motivate the new generation of
students. In this first section, we describe three promising mechanitisegmplositive effects on learning.

M echanics to enhance learning

Collaboration is widely used by teachers as a means to enhance learning (Freingt, T§i93is not
surprising, given the fact that group work facilitates learningudn social interactions and increases the
studentgpersonal engagement in the learning process (Doiseal, 1975) (Johnsoat al, 1999.

Lately, the concept of Learning Games has also become popular fointeaarious types of skills. The
main idea is to usgame mechanics such as competition, rewards, or simply curiosibyder to captivate
the learners’ attention and push them to learn (Dondlinger, 2007) When used correctly, these game
mechanics enhance the learners’ experience with emotion, which has positive effects on engagement and
memory (Damasio, 1995These game mechanics also position the learner as the @etarahnd motor of
his own learning experience. Even though learning games cowagious shapes, such as simple card games
or live role planning games, the latest ones tend to be designed as videoTgamissnot only because of
the attractive and immersive nature of video games but also because computer tap@ican unload
teachers from repetitive and time consuming activities so that thegoreentrate on providing guidance
and help to their students. Computer Learning Games can also provideatititadaptation to the users
profile and monitoring tools for teachers.

Finally, the use ofnobility (with any kind of mobile device) for teaching has also increasedthat a
large amount of students own smartphones. For example, severaisysfer pooling functionalities that
teachers use during their lectures (Rubner, 2012). This allows thget teeal-timefeedback from each
student and adapt their presentation accordingly. Mobility also open®dhibifity of situated learning in
various physical settings. For example, Arditoal. (2012)and Loiseatet al. (2013) have designed mobile
applications to teach students about the history of geological sites and tilieshey are walking around
them. This can also be very useful when teaching professional skillgeahdes in real environments. For



example, théJARL simulator (Jayfus and Kathleen, 2007) uses augmented reality to tefedsiomal skills
and psychomotor tasks on real car engines. Finally, mobility carsdfaldo explain a concept witlive
simulation. TheDisease SimulatiofColella, 2000), for instance, was designed to teach children howsa viru
spreads. The participants wear digital tags that indicate if they are sick and, the same way a real virus
spreads, the virtual illness is propagated when the children get close daoather.

Combining mechanics

While collaboration gamemechanics anthobility have proven to enhance learning on their own, we believe
that thér combination would be even more powerful because of the way theynee and facilitate the use
of each other. Even though a couple of researchers have successflllgetbthese mechanics, there is no
study that identifies what makes this specific trio particularly powdriuthe next paragraph, we therefore
identify and analyze the synergies between collaboration, game and mobfitgsented as dotted arrows in
Figure 1. Note that, on the same figure, the positive impaasllaboration, game and mobility on learning,
described in the first section of this article, are represented by full arrows.
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Figure 1: Positive inter connections between Collaboration, Game, M obility and L earning

Collaboration and Game

Setting up collaborativéearning activities, where all the members of a group participate equally, is very
challenging. Gémeet al. (2013) argue that this is possible by designing the activities so thhtafabe
students haa specific interdependent tasle/she needs to achieve. In order to encourage the students to do
their one tasks, they designed a game where three students hahrause, connected to the same screen
and, in order to win the game, the team needs to complete varioughasksn only be done with one
specific mouse. In other words, the students are given different todlsiq case, a mouse), which allow
them to complete complementary tasks, and therefore collaboratively aesh@mmamon goalWe believe
gamemechanics provide a natural way of setting up such mechanieedplike inEnvironmental Detective
(Klopfer and Squire, 2008the game can be designed so players are gieemplementary roles (e.qg.
manufacturing company worker, environmental activist) with sjgegtals, thus forcing each learner to
speak for him/herself. The game can also push this principal furthgiving specifictools and powers to
these roles (e.g. sorcerer, troll, chemist) so that the students areytbaesmkapable of doing certain tasks.



On the opposite, the use of collaboration is also recognized as one of thenismshthat enhances
gameg(Bjork and Holopainen, 2004). This is due to #oeial interactions and theextra challenge of team
decision making.

Game and M obility

Mobility offers new possibilities for enriching games and enhanchey users experience by taking
advantage ofeal objects (e.g. plants, buildings, animals) iieal contexts (e.g. archeological or geological
site, factory, nature) (Daniet al, 2009). Several studies have also shownphwgically excitement caused
by walking, runningor jumping during the game increases players engagement (BBethouze, 2013)
Finally, smartphone functionalities such as GPS, accelerometer and other satscofietifeedback can
provide valuable information in order to improve engagementangime. For example, if the player has
been standing in the same area for a long time or has beeg mgnind in circles, the game could
automatically provide some hint on what to do next.

On the opposite, game rewards such as extra points or unlockingxhpart of the story, can also help
motivate the learners to physically move to the next location. This is for example the cas®eWild, an
adventure games that motivates non-hikers to discover the beautyref. nat

M obility and Collaboration

If well designed, collaborate activities can greatly enhancement the concept of mobility. Indedol;diryg
the team members twganize and synchronize their movements in order to cover the whole map or to be at
a specific location at a given tiepllaboration can give a negaming dimension to mobility.

On the oppositemobility can lead to situations where the team members are physicallyséidpaard
don’t always have the means to communicate. These situations make collaborative activities much more
challenging. In addition, when workingn collaboration, it often happens that the teammbers don’t
progress at the same speed. For instance, some of them might nesttback on certain activities or read
the instructions again. With the use pmrsonal mobile interfaces, each student can navigate freely in the
activities and submit their personal work when they feel ready (Geordggesnd, 2011).

As we have seen, several learning applications already take advantage of tlgiesybetween
collaboration game mechanicsand mobility. However their design remains experimental; without any
methods to make sure these mechanics are used to their full potentiadidition MCLG (Mobile
Collaborative Learning Gamedesign is far from being trivial. Indeed, not only does it combine the
challenges identified by researchers in Collaborative Learning, Learning Gach&%obile Learning such as
designing coherent scenarios, reducing production cost and helping teactiesdudents adopt the
applications but it also raises extra challenges resulting from the difficuligombining these three
mechanics. Given the power of this trio and the high demand fdicafipns that motivate and engage
students, we believe it is important to assistrtdesign and use. In this article, we first put forward several
solutions for designing coherent scenarios that integlgboration, gamenechanicsand mobility in such

a way to create the desired synergy and facilitatele¢lming process. Then we discuss how to support
teachers to use MCLGs and adapt them to their course material and thdic seraing situations.

2. DESIGNING LEARNING SCENARIOS

As we have shown, MCLGs have all the necessary ingredients to engagetstindlearning activities
However, it takes more than just knowing the right ingreditnteake a good cake. Indeed, the ingredients
need to be carefully selected, dosed, mixed and cooked in a certain erdgiirio create the final enhanced
product, that is much more than just an addition of all the ingmed We believe designing MCLGs raises
the same challenge: selecting, dosing and combiegming activities,collaboration, gamenechanicsand
mobility in order to create synergies and hence, maximize educational value.

Because there are no recipes or authoring tools that provide guidanasifpring MCLGs yet, we take
the first step by proposing three game patterns that naturally intéigeate mechanics and support specific

L http://www.rewild.fr



educational goals. Bear in mind that this is just the first stemye would also need to provide teachers with
guidance and more examples in order to help them choose atine wight patterns.

Live action role-playing game

LARPs (Live Action Role-Playing games) are built around role ptagiativities guided by rules. Players
usually have full control over decisions made byirttgharacter and the game scenario is completely
dependent on their actions. LARPs are usually guided by a game mastdaciiitates the game flow,
administrates the game rules and keeps score (Tyatsalp 2006).In terms of education, LARPs seem
ideal for practicing social skills or understanding complex subjectsdthét have a given solution and
involving several actors. In addition, the role of the game méasteerfect for teachers because it allows
them to observe the learners and adapt the game scenario accordinghatidry of this game type is to
strip the roles down to the minimum and focus on the rules thatitonthe interactions between the
players. This can be used to create a participatory simulation of a speedltanism such as the virus
epidemic in the game Disease Simulation, described in the first section ofitiés ar

Similarly to game design pattern libraries (Bjérk and Holopainen, 2082 Jepict each MCLG pattern
with a specific structure and an example. These examples are inspireal games, designed and used by
teachers at different levels of education.

Example 1: Pattern LARP - Fast way construction

Educational goal: Understand the mechanisms of democracy and practice how to defepinam by
collecting data and presenting it orally.
Game: The town mayor has the project of building a fast way thought a sedftibis city. However, he
would like to debate this project with the citizens before making a decision.
Mobility: With a map of the construction plan for the road, the players togi@vestigate on the field to find
elements that are in favor or against the construction of the roadlaRggtne players are summoned tg a
general town meeting to present and discuss their point of views orathpnaject.
Collaboration: At the beginning of the gaméhe players are assigned to complementary roles so that they
represent the town population:

- Themayor would like his town to grow but doesn’t want to go against the general opinion

- Citizens who live next to the construction area and would be bothgitbd boise

- Citizens who would be able to reduce their transportation time by ttierfast way

- Local store managers who would increase their sales if the fast way was built

- Environmental activists who want to protect the bird sanctuaryp#eewill go through

- Owners of construction companies who would be able to hire peopterkamw the road

- Two journalists, one in favor and one against the road constipatim need to conduct surveys on the
general opinion and keep the population informed of the local news
Note that the scoring mechanism is different for each role and is desigiledt sbe players will need tp
negotiate and come up with a solution that suits all the participants. Howevégacher that used this game
noticed that, even though the scoring mechanism seems to motivatadbets in the beginning, they often
forget it completely by the end of the game.

Mystery game

The scenario of a mystery game is built around a central mysterylélyarpneed to solve by collecting
clues, analyzing them and deducting possible solutions. This modglisimilar to the case-based teaching
method that consists in presenting learners with a probfepired by a real situation, and putting them in
the position of decision makeid/e believe this game model is therefore perfectly adapted to malentstud
practice the use of theoretical knowledge through collaborative resolutiompfeoocases. These cases can
cover a very large variety of educational domains: finding what pathaogsatient is suffering from,
understanding what broke a piece of machinéinding the best solution for a divorce case (Marfisi-
Schottmaret al, 2013)..



Example 2: Pattern Mystery game - Company investigation

Educational goal: Practice how to use decision making tools on a real complex problem.
Game: The students are hired by a company to understand why it haddsé®y so much money lately
They have a limited time to identify the problem and find solutions.
Mobility: The players need to physically go to various rooms of a buildiraydar to investigate. They
collect information, such as videos of fictional employees being intervieweéchportant documents, by
scanning the QR codes in each room. The teacher regularly gathees stlidents to discuss their finding
and reflect on the decision making tools they can use to help them.
Collaboration: In order to finish the game in time, the players, in grodphree, needs to organize and
divide ther tasks. For example, in the beginning of the scenario, each playeesledicch rooms he/she is
going to visit in order to collect information and, in the nexagd#) when they have several hypotheses on
what is causing the money los, they also need to divide the woiltther investigations.

Treasure hunt

A treasure hunt is a game in which players attempt to find hiddes itéth a series of clues. Because this
type of game pushes players to explore the environment and get fanihiait,we think itis very well
suited to teach about the characteristics of real items, locations and emntsnm

Example 3: Pattern Treasure hunt - Bacchus’ party

Educational goal: Learn about life in Ancient Rome and the end of Pompeii.
Game: The players are hired by Bacchus to organize a party in his ibmey.are given a list of items tha
they need to find (beverage, food, gests and animations) antaa @mnount of gold coins. However, the
amount of money is not sufficient, so the players will have toenaalecision: only buy what they can, and
thereforescore very low on Bacchus’ happiness scale, or steel! If they steel, the volcano will start showing
signs or eruption and the virtual inhabitants of Pompeii will tell themiti&tGod who is angrat the sinful
population. At the end of the game, whatever the decisions mattie Ipjayers, the volcano erupts anyway,
just like it really happenedf they stool, God starts the eruption and if they didn’t steel or didn’t collect all
the items in time, and therefore didn’t fulfill Bacchus’ expectations, his fury triggers the eruption.

Mobility: The students have a few hours to physically go around the oiPompeii and find the items they
need in the real locations wheree tthops where. To find the gests and animations, they have the ghoice
between the house of poets and dancers, the gladiator barracks aabviiéaeof noble families.
Collaboration: In order to collect all the items in time, the players need to divide tdks. When they
realize the shortage of money, they will also need to contact each othexcihel what strategy to adopt.

—

These three design patterns are first steps toward designing motivating aadioedlly rich MCLGs
However, this is far from being sufficient to get teachers to use MUhGheir class. Indeed, not only do
teachers need to feel at ease installing and usirsg g@mes but the content and shape also need to be
compatible with their educational context (esggdent’s level, curriculum, number of studehtén the next
section, we discuss solutions to meet these expectations.

3. PLACING THE TEACHER IN THE CENTER

When considering the multitude of learning applications developed for resedschuiprising to see how
few of them are actually used by teachers. This can party be explaitiee blgsolescence of hardware and
software but it is mainly due to the fact that the educational contertharsthape of the applications simply
don't meet the teacher’s needs. In some cases, especially for Learning Games, the applicatioesignedi
without the presence of teachers (Ketatral, 2013). In this case, they are quite unlikely to integrate the
pedagogical structure that teachers need for their courses. In mesttisaggh, learning applications are
designed with the help of one teacher but they are therefore tailoredafosptbcific teacher and one
particular educational context. Because these applications leave very little roadafdation, without any



computer skills, they often cannot be used by other colleagues or gtea ame teacher but with another
class (Marneet al, 2013) This rigidity causes most applications to be put away and forgotterjusiter few
years. Another reason that can explain the fact that learning applicatiorseaie school is that they are
often set up by professional computer scientist and, unless the teachgesy skilled with computers, it is
highly improbable they will be able to set them up again if there is aitathmmoblem or if the school is
provided with new computers and mobile devices
In order to get the maximum number of teachers to use MCLGs, weadtetsdlieve it is necessary to

place them in a central and active role during the design proce#iseanse of these applications. In the next
section, we provide leads on how to design tools to help teachers:

e design their own MCLGs andinder stand the mechanisms under the lid to adapt them

e monitor the student’s progression in the game and adjust the scenario in real time

e easilydeploy MCLGs on the available mobile devices and fully integrate them to their course

Design and Under stand

Before using any kind of tool in class, teachers feel the nedtidt and understand the way it works. This
is a necessary step to decide if the tool corresponds to their needs deml hovp they want to use it with
their students. This step is a big concern to teachers, especialydedlkng with unknown game mechanics
Indeed, if it is not clearly stated, it is difficult to imagine how tbagimpact a courserhe fear of not being
able to control studentshen they are “frantically playing” is often enough to discourage teachers.

In order to design MCLGs that correspond to tdweher’s needs, and help them understand the game
mechanics, we believe it is indispensable to involve threthe design process as early as possible. In the
field of Learning Games, this challenge has been answered withiffei@ilt strategies. The first solution is
to help teachers design games with the help of game designers. Itoohégy them understand each other
and work in an efficient way, several authoring tools have beesiaggmd (Marfisi-Schottmaat al, 2010)
This solution has the advantage of providing original game scenatis®mtailored to fit the teacher’s
needs however, as you can image, the services of a game expert dexetbpment cost are not affordable
by many schools. The second solution consists in providing teagtiengremade game-shells in which they
can add their educational content. These shells often come with more or ledsxcedifors that allow
teachers to generate their own functional applications for a very low cost, dd¢lsaysieed little or no help
from developers and graphic designers (Thiagarejai, 2003) (Mehnet al, 2009) (Marfisi-Schottmaet
al., 2013)

Because one of our goals is to widen the use of MGb@# types of schools and levels of education, we
believe that building on the second solution is the most promisinget#sy, in our opinion, the existing
authoring toolssuch aseAdventurg(Moreno-Geret al, 2008)and Storytec(Mehm et al, 2009) are fare
from answering the teacher’s needs and there is still quite a few improvements to make. The mqsirtant
drawback is the very limited selection of game-shells that existiding game-shells that correspond to the
MCLG patterns we proposed in the second section of this article would dmastarto address this issue.
The existing editors also lack flexibility and it is very difficult for teashi&r compose a scenario that fits
exactly to their needs. Finally, we believe authoring tools also neerbti@ information on the game
mechanics and the education situations that they create, in otdgpteachers choose the right games and
use them correctly.

Monitor and Adjust

When giving a course, teachers naturally adapt the content (e.g. formolasentences, order of exercises,
adding questions) depending on the student’s achievements and emotions (e.g. facial expressions). If we want
teachers to feel at ease with MCLGs, they must also provide tlitbnfieadback on the student’s actions and

allow real-time control over the events.

For this purpose, Carron and Mar30(2) recommend using monitoring tools that enable teachers to
view the progression of tirestudents through the game. Because students might be ramoungd in the
fields when using MCLGghese tools could also provide information on their physical and logical Incatio
They could also show large grain informatiarch as “student needs help” or “student is in advance” when
certain patterns are identified in lower level data, collected from the GPS tracksy sewl feedback.



We believe teachers should also be able to adjust MC&€anarios when they identify a problem. These
adjustments can be done for one student in particular (e.g. gemdimt or an extra quest) or for all the
students by adapting the global scenario (e.g. stopping the game, delpértgf the scenario). In any case,
given the mobility of MCLGs, teachers should have the meanshofncmicating with a particular student or
with the entire group at the same time. The intervention of teachers ia glsod way of making game
scenarios more interesting and unpredictableLdboratorium of Epidemiologi€Ney et al, 2010) for
instance, the students are not aware that one of the important clsaisgitoted by the teacher. Not only
does this allow the teacher to subtly adapt the level of difficultyecthderit profile but the students also
seem to accept negative comments coming from the game characters mudhdeifethey came directly
from the teacher. In certain cases, it might also be interesting to let tepibbiettse whole scenario of events
depending on the student’s reactions. For instance, Ponderet al. (2003) designed a simulator in which the
students have to provide first aid care and, depending on the actitms learner (e.g. moving the body,
heart massage), the teacher triggers other events (e.g. person guexious, starts bleeding). The idea is
to adjust the scenario so that is pushes the studerd Btressful state.

Deploy

The execution of MCLGs is a real challenge wfawn. Indeed, these applications not only need to be
functional on various mobile devices but the content collected durinfeldeexpedition must be easily
transferable to desktop computers in order to be further analyzedsaddas course material (George and
Serna, 2011). Ideally, if the teachers use a LMS (Learning ManageBystem), thie student’s
achievements in the game should also be added into this system. We Ihelieee/tTin Can APIseems to
fit the purpose but needs to be further tested. Indeed, this API altdlesting data about the wide range of
experiences a person has from various inputs (&&., mobile applications, social networks, Web activity).
In order to support collaborative scenarios and their real-time adaptatigadhers, MCLGs scenarios
also need to be executed by a centralized game engine that orchestrates the dejpetieing on the
learner’s actions and roles. Such a flexible orchestration could, for example, be possible with LDFS-
modeling. Indeed this E-learning standard is recognized by coessgndrs and executable by many online
tools. However, it has been criticized for the difficulty of modeling collative activities and its level of
abstraction too far from teachégsractices. One of the future research challenges is therefore to propose a
model for designing MCLGs, that can be easily understood and maniplijatedchers, and that can also be
transform into an executable IMS-LD model.

4. CONCLUSION

In this article, we discuss the wapllaboration gamemechanics ananobility can engage students and
enhance theilearning process. We also show that, when these three mechanics are comanBtCLG
(Mobile Collaborative Learning Game), they create synergies and should tbdveferen more effective.
However, for the time being, there are no tools or methods tddeapers design and use MCLGs in class in
such a way to obtain these synergies.

In order to address this issue, we first provide three game pattethgan be used as models for
designing MCLGs: live action role-playing games, mystery gameks taasure hunts. These patterns
naturally create the synergies between collaboration, game mechanics laihty @muod fit a large range of
educational goals such as understanding complex mechanics, practiéessipral skills in the real context
and learning about situated objects and environments. We then patddhe challenge of making teachers
use learning applications, such as MCLGs, in their class. We beliebegheolution is to involve teachers
as early as possible in the design process of MCLGs and also provide thetooltio monitor thie
student’s actions and adapt the game scenario in real time. As a first step toward the technical deplogment
MCLGs, we also identify the existing tools that could be put together in ordebtwin a game engine
capable of multi-platform execution, multi-role scenarios, real time doeadaptation and exporting the
data collected on the field to be used as course material.

2 http://www.tincanapi.com/
3 http://www.imsglobal.org/learningdesign/index.html
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