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RESUMEN

Los videojuegos estan construidos sobre princiglag resultan beneficiosos en
contextos educacionales, este es un hecho que senkertido lentamente en una
practica aceptada en ambientes de aprendizajeendiargo todos los progresos que se
han hecho en el uso de videojuegos como herramiedhacacionales aun no han sido
transferidos a las salas de clases. Para acodadiséancias entre las aulas y los
videojuegos, hemos desarrollado un modelo pedagdipcdos niveles. Este articulo
presenta el modelo propuesto, un videojuego pasafi@n electroestatica disefiado con

este modelo y un experimento basado en un pregsigtara validar el videojuego.

El nimero promedio de respuestas correctas aurdestie 6.11 a 10 luego de jugar el
juego, siendo este un resultado estadisticamegndisativo (p < 0.00001) con un nivel
de confianza del 99%. Estos resultados sugierenajpesar de que los conceptos de
aprendizaje estan contextualizados en un juego worentorno de fantasia, los
estudiantes logran transferir el conocimiento lodmacontestar correctamente un test
estandarizado. Estos resultados representan udaaiéh inicial del uso de este modelo
como una herramienta que ayudara a los profesangésgrar los videojuegos a las salas

de clases.
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ABSTRACT

Videogames are built under several principles taat be beneficial for an educational
context, a fact that is slowly becoming an accepexttice in learning environments.
However, all the progress made in the use of gamsesducational tools has not been
transferred to the school classroom, which remsiitisthe most important educational
environment. To close this gap between games @asdrdom, we developed a two level
model for integrating educational games in the stctaem. This article presents the
proposed model, the implementation of a game tohtedectrostatics with this model
and an experiment based on a pre and post evaluatialidate the effectiveness of the

game.

The average number of correct answers after plaiyfieggame increased from 6.11 to
10, a result that is statistically significant (<00001) with a confidence level of 99%.

The overall good results of the experiment sugtest although the learning concepts
are contextualized in a fantasy-based game enveahnthe students can transfer that
knowledge to answer the questions in the standstd.tThese results represent an initial
validation of the use of the proposed model asch ftar teachers to integrate games
inside the classroom.

Key words: cooperative/collaborative learning improving classroom teaching

interactive learning environments

This work had the support of the Center for Resean Educational Policy and
Practice, Grant CIEO1-CONICYT
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1. INTRODUCTION

1.1 Motivation

1.1.1 Videogames and learning

As research proceeds on video games educationaibpibes, the game designers
continue to incorporate the latest technologicabirations such as high-speed internet
connections, increasingly sophisticated graphiak raore powerful microprocessors in
the push to further their development and captuex enore enthusiasts.(Susaeta et al,
2009). Both technological and conceptual improveséave enabled the development
of high quality video games that have been usedclassrooms with excellent
educational results as shown in the work done Isa&a et al (2009) and Villalta et al
(2010).

Although the use of video games as educationaktmlnot an extended practice in
learning environments (van Eck, 2006) these expeee have shown that the use of
video games has an important educational poteinsale the classroom since they can
be built under playing principles that can be bwmedf for the learner: increasing
students’ interest; improving and strengthening thequisition of information;
awakening and maintaining motivation; giving immedi feedback; allowing the
players to progress at individual rates, allowihg transfer of concepts from theory to
practice; providing graceful failure; giving freedoof exploration and discovery; etc.
(Gee, 2003; Mayo0,2009; Squire, 2003).

For teachers, video games could become a valuadliéhat incorporates social learning
with technology, provided it can achieve a spedidiarning objective (Aleven et al,
2010; Alvarez, 2006). A good way to classify knodde and learning is Bloom’s
revised taxonomy (Anderson et al, 2001), it divike®wledge in four types: factual,

conceptual, procedural and meta-cognitive. It gises a classification of the learning



cognitive processes, defining six cateogires: rebexmunderstand; apply; analyze;
evaluate and create, that can be sorted in asceadr forming a pyramid as show in
figure 1-1.

Analyze
Apply
Understand

Remember

Figure 1-1 Bloom’s revised taxonomy for cognitive processes.

This research attempts to bring the video gamesstee further than the experiences
previously mentioned, showing that they can be ssmatessfully in tranfering specific
leaning objectives that involve complex cognitiveogesses such as Applying and
Analyzing. The basic concepts of charge interachod Coulomb’s Law have been
chosen as a specific subject for teaching since hlage been proven to be difficult for
the student (Maloney, 2001). The main aim of thisrkvis to bring Classroom
Multiplayer Presential Games (CMPG) (Susaeta ef@09) to schools and develop
activities that allow students to deeply understdnedprocedures behind the electrostatic
theory showing that CMPG are very powerful educstidools that can be used even in
complex subjects.



1.1.2 Face to face collaborative learning

Social interactions are very important to educatiatevelopment because they allow
the sharing of ideas and the construction of undedsng. It is necessary to set forth
social and communicational skills inside the edocat processes in order to teach
students these abilities (Echeverria, 2009). Indizis working together on a common
problem communicate and mobilize knowledge, shadifigrent ideas and views that
allow them to build together a better solution (Eu& Nussbaum, 2004).

Collaborative learning is a pedagogical model twatsiders social interaction as one of
its key elements. It promotes group interactiomaioordinated effort to achieve an

educational goal (Dillenbourg, 1999) based on thdemce that shows that if a group of

students work collaboratively together, they wiivie better academic results (Johnson
& Johnson, 1999).

Computer supported collaborative learning (CSCL¢sushe computer as a tool to
mediate de collaboration to control the sequend¢esctivities (Dillenbourg, 2002). In

this context, the computer is considered more gside than as a teacher (Zurita &
Nussbaum, 2007) providing a support environment tfer social network between

students, which ideally should be transparenteadnteraction.

Most existing CSCLapplications are implementeddersonal computers requiring that
the students be behind the screen not allowing dbeelopment of face-to-face
collaboration (Inken et al, 1999). An option isuse multi-mice technology in which
each student controls a mouse on a common workspaite simultaneously permitting
each child to contribute to the collaborative atfifSusaeta et al 2009). The use of
multiples inputs have shown to be effective wheerpavork together in a single screen
(Infante et al 2009). Children controlling their mwnput device in a collaborative



setting display less boredom and off-task behaanal are more active, suggesting better
engagement in the activity (Scott et al, 2003)

The CMPG model is based on the CSCL model butigidase the students in a class
play at the same time in a virtual world projecbsdone computer onto the wall of the
class, in a one-to-many computing model thus adthegadvantages of multi inputs,
allowing student to interact with the in-class pitgd virtual world, and verbally with
his/her peers just by using the mouse.

Another important element of the CMPG model is téecher who acts as a cognitive
mediator having control of the game flow and cdlitrg game speed, explaining
situations and giving tips to the players in ortteperform the learning processes. We
see the game then as a tool for the teacher, éinabe controlled as he considers best for
his class.

1.2 Hypothesis

The first hypothesis is that a CMPG can be usddaoh subjects that have been proven
to be difficult for students such as the basic ept€ of charge interaction and the law of
forces between charges (Maloney, 2001) by giviremthhe tools to apply conceptual

knowledge and analyze the results of their work.

The second hypothesis is that despite the difficolt the tasks the students must
perform, they will collaborate with their classmatend that collaboration, which is
desirable and an objective by itself (Johnson &ndoin 1999), will help student to

achieve their goals in the game.



1.3 Objectives

Consistently with the hypothesis proposed, the @#nebjective is to develop a
collaborative environment to teach electrical fercentextualizing it in an action/puzzie
game (Kirriemuir & McFarlane, 2004) with a narratithat provides a high level on
immersion( Ermi L. & Mayrd F.,2005) This game must allow students to explore
complex physical models with the assistance of mprder while keeping them
motivated and entertained. It also must help themevelop some transversals abilities
such as collaboration, leadership, effective comuoation, teamwork, etc. A more
concrete objective is to develop a face to facé&botative learning activity to be used

with multiple mice and test it in a classroom.

The second hypothesis will be validated both quainte and qualitatively. For the
latter, an external observer will look for sometgats commonly described in the
literature such as existence of common goals (d&h& Johnson 1999), positive
interdependence ( Zagal et al 2006 , Zurita, & Kassn 2007), communication
(Dickinson and Mcintyre 1997 , Gutwin, C & Greendpe®. 2001) coordination (Malone
& Crowston 1990, Johnson & Johnson 1999), indialdaccountability (Johnson &
Johnson 1999), social and environmental awarenidssrigon & Dourish 1996
Gutwin, C & Greenberg, S et al. 2008) and join n@lsgJohnson & Johnson 1999). An
observation guideline must be created in ordedapathe semantics of the game to the
above patterns, to facilitate the work of the obesemand to unify some criteria about

which of the patterns are applicable to the game.

Additionally, a poll regarding previous video ganegeriences will be made in order

to see how these variables influence the acadersidts.



1.2 Methodology

1.4.1 Game design

Designing a CMPG implies integrating both ludic gretiagogical processes, in benefit
of certain educational goaldmory, 2007). The lack of the pedagogical companem
factor that difficults the integration of videogasn@ the classroom (Baek, 2008). Ludic
processes refer to the mechanics of the game adriHation with the players that
keeps them motivated and ensure playability (Fabore et al 2002). On the other hand,
pedagogic processes specifically refer to the dgweént of methods that make the
learning objectives operative in game context, aflowing collaborative learning
(Serin et al, 2009).

Based on the work done by Villalta et al (2010)esaldesign rules were used in the
development of this CMPG, considering both pedagggind ludic dimension, the most

important rules are described below:

e The teacher is a mediatomhe teacher must lead the learning process in the
classroom, taking care of pedagogic objectivesetadhieved and filling the
gaps that exist between the game and the studerdsioting reflection,
analysis and discussion (Moreno-Ger et al., 20085 implies that the game
must be designed with a flexible structure thatvedl teachers to control the
activities and the flow of the game, be able togeathe game and guide
students through different paths, thus enrichirgtéaching practic€Cuban
et al 2001).

e Interlayer individual and collaborative activitiesvhile increasing game
difficulty: CMPGs must have a script with a complexity streestinked to
pedagogical objectives in order to define situaionith different and

progressive levels of difficulty (Dillenbourg, 2002hus keeping students



motivated to develop some skills that help thendgadly learn the game
concepts. (Villalta et al 2010).

e Organizing face to face interaction€CMPGs must allow face to face
interactions between players so that collaborat@m happen (Villalta et al
2010). Although technology can’t replace the ridsnef face to face
interactions (Dillenbourg, 2002) it is possible generate conditions that
facilitate direct participation between studentst &€xample, many players
working together in a single shared screen comigpllindividual mice
(Susaeta et al., 2009).

e Feedback and interactivityAction feedback is inherent to videogames: it
maintains participation, and informs players ofithechievement. In the
same way, constant feedback works as reinforcemepéarticipants’ partial
achievements (Villalta et al 2010). Both individwald collective feedback
are important, they help in the learning procedsegiving precise, timely
and constant information regarding successes ahgtefa of participants”

performance (Rosas et al., 2003).

Villalta et al 2010 describes other seven rules tirere integrated in the different
areas of the game design, for examplele@ar narrative was built using and
accessible languagandavoiding information overlogdgame scenarios and objects
were made in order to kEmasy to recognizand facilitate thespatial distributionin
the virtual word. At last, the game script was deped considering mechanics

linked to learning conterdndcollaboration.



1.4.1.1 Narrative

CMPGs must be linked to a literary script in ortteigive continuity to its quests. This
script defines the sequences of activities anddhices game elements giving cohesion,
joining them with the history, thus promoting immien (Amory, 2007). The clarity of
the narrative sequence allows the constructionypbtheses and strategies, and also
gives contextual meaning to the elements of thealiworld thus helping synchronicity

of actions between players (Zagal et al., 2000).

In this game the narrative places the studenthendistant future, where humans have
managed to establish their first colony on a plangside our solar system. This colony
gets its power from a strange electrical minerdedaiberium, which is very fragile and
must be manipulated only with a special deviceecalTAD (Tiberium Acquisition
Device). Every year a cluster of tiberium gets rtbarcolony and a group of experts is

send there to gather some resources.

Students are presented as new collectors readwrtotiseir training in order to become
experts and go to a mission during next year. Tirsirtraining introduces them in basic
elements of the game, such us recognizing theitaesjacontrolling their TADs and
walking in the space. The second training is dexigso that players are able to explore
using their new knowledge. Students must undedstas principles of the electrostatic
and Coulomb’s Law in order to complete it, but alse concept of vector force addition
is introduced during this level forcing them to waogether collaboratively in order to

move heavy weights as shown in figure 1-2.
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Figure 1-2 Students must discover the relation between maddorce. When
they discover that they can’t move heavy objeasy trave to work together using

the knowledge of vector force addition.

Finally when the students end their training arel/thecome expert gatherers, they take
a ship to start their mission. During the trip arst damages the ship and all its
instruments including the TADs, leaving them chdrdeut in an indeterminate level.
Due to the importance of the mission it must béskiad anyway, so students must first
collaborate in order to get information about treiarges based on the interaction with
the rest of the players. This forces them to pteategies together so that they can gather

all the necessary resources and complete the missio

1.4.1.2 Graphics design

To support all the narrative elements presentedeaba entire virtual world was created
using high quality 3D models and scenarios as shoviigure 1-3, thus better capturing
the students’ attention, and allowing for more exafion of the virtual world (Lim,

2008). All game elements and maps were especiabjgded for this experience using
Autodesk 3D Studio max, one of the most used soév@ 3D modeling and animation

that provide compatibility with Microsoft Windowdgtforms.
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Both scenario and object design are important sssueghe development of a CMPG
because an appropriate distribution of elementshenscreen favors aspects such as:
playability (Fabricatore et al, 2002), immersione(2, 2009), verbal communication
and cooperation between players (Greiffenhagen &tséva 2009). Also easy-to-
recognize game objects boost learning and playalailiterms of linking the narrative
with the elements that composes it, reducing legriimes and allowing player to

identify their avatar increasing fantasy and imnwers(Amory, 2007).

Verifiqguen si aumenta o disminuye |a fuerza al alejarse de la carga
Para 1ac|llta|es el trabajo sus TADS no reaccionaran con los de sus companeros

Lo que pueden ver son cristales de TIBERIUM. Su mision sera recolectar la mayor cantidad posible de este mineral

Figure 1-3 Training base and tiberium cluster virtual woegnesentation
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1.4.1.3 Software design

The entire software was developed using Microsd®game studio 3.0, a set of tools
based on .NET Framework 3.0 for Windows with a ngadaruntime environment that
facilitates computer game development. XNA framdwiacludes a set of libraries that
are specific for the game development promoting imam code reuse across target
platforms. Games that run on the framework canrtieaelly be written in any .NET-
compliant language, but only C# and XNA Game Stiithpress IDE and all versions of
Visual Studio 2008 are officially supported ( Reed2009) making programming very
easy since it uses a high level object-orienteduage that is widely used for software
developments.

Basically is possible to see XNA as a native ARltrihuted in series of layers

as shown in figure 1-4.

Starter Kits Content Component

Extended

Framework Application Model Content Pipeline

I, . T R R,
Core
Framework

Graphics Audio Input Math Storage

Plattorm DirectdD LACT XINPUT LContent

Figure 1-4 XNA layer model
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In the first layer we find some natives APIs suchQirect3D, XACT, Xlnput and
XContent supporting 3D graphics, audio, input desisuch as mice, and multimedia
content respectively. Then comes the core framevadriKNA, this layer provides
graphics, audio, input, storage and mathematiaattionality to be used for the next
layers that are the content pipeline and the agiphic model. This two layers provide
abstractions that facilitate program developmedtranltimedia content handle.

At last we find the code, content, components dadisg kits used to create de game
experiences; these are provided by the communityetirdeveloped for and specific
game. As mentioned above all game elements andusosmwere designed specifically
for this game and this also applies to the souodke avhich was completely written by

the author and his team.

The only part of the code that needed external aiippas the class in charge of
controlling the mice, this because XNA does notpsup multi input natively. We
developed a library based on the work done by BtaynP. (2010) adapting it to the
needs of the game and making possible to handléi-mige using a C# solution
compatible with XNA. The rest of the software wassidned as shown in the UML

diagram in figure 1-5:
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Camara

nmdlm“
Physics Engine IGameObject———a Game = = Cinematics
+Draw () +Draw i} #Load Content () +Draw ()
Fpdate () +Update () #Initialize(}
$ #lpdate ()
___________ #UnLoadContent ()
’ : #Drau ()

3D Object 2D Object l

ﬁl T Mice Handler [

+ger3dPo=sition ()
Fhrawlursor ()

Tiberium Astronauta Slice

Figure 1-5: UML Class diagram for the CMPG

As shown, the class design of the game was verplgeinthe Game class had all

necessary elements to perform the videogame exypgeridt uses a MiceHandler class
whose function is to update each one of the ningerthhat are used in the game and
draw the mice cursors in the correct position. Grgdad a geometrical symbol and a
color that were identically to a mark at the fobtwery avatar thus relating the player
and his astronaut and facilitating the recognitibrthese. Also teams were made using

cursors, grouping the students by different colgreen, blue and red.

A Camera class was in charge of controlling theali®lements and the game view. In
this CMPG the camera was not static but insteadanaaictive role following the action

of the game. It was able to rotate it in 180 deg@®viding views for the action from

different sides; it could also get farther or closeorder to show activities in different

distances.

Moreover a cinematic class helped showing someosgi@ad instructions for the game:
this was a key element in terms of immersion bezaunest of the narrative was told

using videos and texts. This class also represented effort for the graphics designers
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since videos and 3D animation were developed vargfally in order to improve the

visual effects and the narrative itself.

At last an interface was created for the purposeoafrolling both 2D and 3D elements
such as the tiberium, astronauts and scenerigshyaics engine was developed in order
to create the simulations needed for the game,usecXNA only provides basic

mathematical libraries but it doesn’t incorporateport for physics.

Elements in the game interacted with each otheewuselveral rules; for example:

e Electrostatics rules of attraction and repulsion
e Coulomb’s law to describe the force between twagd®s the relation of the
magnitude of the force with the magnitude of indubal charges and the
relation between force and distance.
¢ Newton’s second law: the relation between massand.
e Newton’s third law: action and reaction, in thisegof electrical forces.
e Vector addition of forces, that were limited to ® 2lane in the 3D
environment.
All this rules were grouped in one software solutealled Physics Engine that worked
on 3D Objects class changing the attributes of siostances depending on the relations
that took place in the virtual world.

1.4.2 Experimental design

In order to prove our hypothesis and take our GM&@ real classroom an activity was
designed with twelfth-grade students from a pubtibool in Santiago. The experience
consisted of three sessions for a group of ninelesiis each time, totalizing an

experimental sample of twenty-seven students.
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The players were positioned in a semi circle imfrof a wall where the game view was
projected. Each of them had a mouse that allowethtto control their avatars and so
interacted with the game. During one pedagogic students played the entire game
guided by a member of the research team that witsgaas teacher controlling and

pausing the game flow in order to explain gameasibms or help students that were
falling behind.

Figure 1-6. Class distribution. Teacher is guiding the game

All this sessions were properly recorded with tdifferent cameras: the first one
pointing to the screen to see collaboration past@nrithe virtual world; a second one in
one side of the classroom recording students aed thteraction; and a last one
controlled by a member of the team, recording sitna that needed detailed study.
Two observers analyzed these tapes after the exgetiin order to understand if the
game fostered collaboration and to explore possiltks between different

collaboration attributes and specific learning oantes. For this purpose an observation
guide was developed to measure different aspeatsliaboration. Based on a literature

review we identified five aspects to asses:
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» Positive interdependence: students work togetheactmmplish the shared
goal, seeking outcomes beneficial to all (Dilleatzyp 1999; Johnson &
Johnson, 1999; Zurita & Nussbaum, 2007; Zagal,&2G06)

e Communication: students get information directly talking with their
partners, and indirectly by listening to other cersations, and seeing non
verbal indications both in the real and virtual ldo(Johnson & Johnson,
1999; Dickinson & Mcintyre, 1997; Gutwin & Greengef001),

» Coordination: students discuss strategies, and rdekesions based on the
agreement reached after the discussion (DickinsorM@&intyre, 1997,
Malone & Crowston 1990; Johnson & Johnson, 1998leiibourg et al,
1996),

» Social and environmental awareness: students canngdee who is part of
their group or community and who is available fosgible interaction both
in the real world and the virtual world (Gutwin &€&nberg, 2001; Johnson
& Johnson, 1999; Zagal et al, 2006; Dillenbourg@9;Harrison& Dourish,
1996)

* Individual accountability: each student knows hes/lole and is responsible
for the consequences of his/her actions (Johnsdolfason, 1999; Zagal et
al, 2006; Zurita & Nussbaum, 2007)

The observation guide developed consisted in of geéntitative and qualitative

measures showed in Table 1-1, each one relatetktofahese variables.
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Observation

Collaboration aspect

Motivational comments between studke

Communicatio

Positive comments between stud

Communicatio

Negative comments between stud

Communicatio

Recommendations between stud

Communicatio

Dialogues between pairs of stud

Communicatio

Number of times students point to the screen withger

Communicatio

Number of times students use the mouse to ind

something

Communication

Number of verbalizations of game acti

Communicatio

Number of planification conversations before daamgaction | Coordinatiol
Number of conversations referring to previous sty Coordinatiol

The spatial distribution in the game is equal fbpkayers Envir. awareness
The activities of the game i not only in one locatio Envir. awareness
The virtual word allows interaction between pla Envir. awareness
Student recognize the user interfaces of the game&ad| gnvir. awareness
interact with them

Students maintain their focus on the gamen there are t€| gnvir. awareness
instructions

The actions of the rest of the students are usédu| gnvir. awareness

understanding the game

The player acts confused while he interacts withgame

Envir. awareness

Students identify their groi and group peers in the real wc

Social awarene

Students identify their group and group peers im virtual
world

Social awarene

Number of errors trying to achieve an individuai@u

Ind. accountabilit

Number of correct results trying to deve an individua
action

Ind. accountability

Number of errors trying to achieve a group ac

Positive Interdepen

Number of correct results trying to achieve a gractor

Positive Interdepen

Table 1-1 measured used to quantify collaboration

With the purpose of measuring the level of knowkeddtained by the students, a pre
post test was taken. The first was administeredgefore students began to play and the

post test was taken a few minutes after the stadmrhplete the activity. The test itself
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was developed using the curricular contents thatsaen in the game based in a test of
Conceptual Survey of Electricity (more details bé tconstruction of the test can be
found in section 2.4.1). It is important to sayttatier choosing the questions the whole

test was validated by twelfth-grade teachers wispgeialty is physics

Additionally a small questionnaire was administetefore the sessions in order to
control students’ previous experience with techggl@nd games, asking them the
number of times that they perform several actigisach as playing video games in their

PC or game consoles. The result of this questioamrain be found in table 2.2.

1.2 Results

The comparison between the pre and post test seshiiv an important increase in the

number of correct answers after playing the ganshaw in table 1-1:

PRE POST
Mean 6.11 10
Standard deviation 5.03 7.54

Table 1-2 means and standard deviation of pre and post test

The means increased from 6.1 to 10 which was faarix statistically significant when
a t-student test was performed. Formally we developstudent test for dependant
variables to contrast averages differences posiagypothesis as follow:

HI}: F'pra = F'posr

Hl: F'pra = F'posr
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With the null hypothesis being that the averagemfthe results of the pre and post test
are equal and the alternative hypothesis beingthizaiverage of the post test is greater
than the average of the pre test results.

A one tail test for a significance level alpha cdT% was developed giving the results
showing in table 1-2:

Statistical t 5.75
p (T<=t) one tall 2.3 e-6
critic valte of t (one tail ) 2.48

Table 1-3 results for a one tail t-student test, apha=0.01

Based on these results we can reject the null hgsa with a statically confidence of
99% (p <0.00001) concluding that students resuitsease after being exposed to the
game.

A gender analysis was also performed dividing taen@e and analyzing each one
separately giving the results shown below:

PRE POST
Female 5.57 10.36
Male 6.69 9.62

Table 1-4 gender pre-post test results
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Female Male
Statistical t 5.09 3.12
p (T<=t) one tall 0.0001 0.0044
critic value of t (one tail ) 2.65 2.68

Table 1-5 gender results for t-student

The results for both group showed an increase highefemales than in males,
improving their averages from 5.57 to 10.36 andda® 9.62 respectively showing
statistically significant in both cases (Males: 0.0044; Females: p = 0.0001). Despite
the evident differences in gender averages nosstati significance was found (p =
0.24).

An exhaustive analysis regarding the results ofviddal questions was also performed,;
it gave us an idea about what kind of knowledgecaeld teach and were to center
future efforts. Comparison of the specific learnoigectives results show that the game
must be improved in some areas: explaining theioaldetween charge intensity and
force and the vector sum of forces in two dimensiodore specific results of this

subject can be found in section 2.4.2.

The results of the questionnaire regarding previexgerience with technology and

video game use were also analyzed. Pearson’s atorelcoefficient was used to

guantify this relation. We did not find evidenceatlallow us to conclude any relation

between the level of improvements while playing glaene and the previous experience
with technology or cell phones (r < |0.3|).

Respecting to the observation guide we can segladurrelation between the variable
“Number of verbalizations of game actions” and itm@rovements in the test (r=0.79)
this could show that there was not a problem fodeits to pass from game narrative
language to test language.
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To quantify the power of this test a post-hoc asialyvas made obtaining a Cohen’s d
value of 1.58; wish means a very large effect sigamportant to note that with this
value, our t-test has a statistical power of 99beta=0.01) for the confidence level of

99% ( alpha= 0.01) making this a very reliable.test

1.6. Conclusions and future work

The result from the statistical analysis of the-post test show a significant increase of
the students averages once they are exposed togahee, thus validating the
effectiveness of this CMPG for the teaching of ctampsubjects such as electrostatics.
Spite of that there are several specific learnwbgre the results aren’t good enough
and must be improved such as vector addition ofefrin two dimensions and the
relation between charge intensity and force. Fouréuwork the game must provide
more quests in these two specific areas, explaithiage relations even better and giving
more activities to explore these concepts. In tts €ase, for example, another training
activity should be incorporated to the game foraghglents to understand the concepts
before they start the last mission. In the secas® ¢t could be possible to show some
arrows indicating the net force and the forces toatpose it, something similar to waht

figure 1-2 shows, but incorporated in the virtualrd:

Considering gender results it is striking that féanstudents improve more than male
students, although this difference is not significek goes against what is commonly
thought about videogames for learning i.e. thateeghmes for learning are more
effective in male students with previous experiemcéchnology. In this line we also
notice that the second perception was also incprvee didn’t find any evidence that
allow us to conclude that the previous experientevideo games or technology

influences in the results of the pre-post test.
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One of our main concerns during the developmerthisf CMPG was the uncertainty
about how quickly students could learn to play gaene and how hard it would be to
transfer the acquired knowledge through the naedat a formal language contained in
a test of electrostatic. The results coming fromdbservation guide show that the game
learning is very fast, observations like “Studexttagnize the user interfaces of the game
and can interact with them” and “Number of correesults trying to achieve a
group/individual action” where increasing theirukts quickly just after a few minutes
showing that the playability objectives of the gamere very well achieved. On the
other hand the high correlation between the observédNumber of verbalizations of
game actions” and the test improvements is a godidator that students were making a
transfer between the game language and the tegtidge. We think this transfer is
largely due the presence of the teacher; the gésa# was thought as an educational
tool so the teacher knowledge in both areas isnéas¢o achieve an adequate transfer

that show that this is not just a game, but alkezture.

In this case the lecture was performed by a memabeur team; in a real class a real
teacher should deliver the knowledge. How long laom much it takes to train a teacher

are things that have to be exploredin future work.

As a main conclusion we could say that we succediinging games to the classroom
with a strong pedagogic model behind,;we proved @&PGs could be used as an
educational tool supporting the teachers work. Ewene, we gave CMPGs a hard task
with difficult subjects and complex concepts andréatly passed the test. We hope that
this work opens the doors for more initiatives begathe use of technology and video
games into the classrooms, so we can move towards tadequate education for the

twenty-first century.
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2. A model for the design of collaborative games &ide the classroom: Teaching
electrostatics

2.1 Introduction

The use of video games as educational tools islglbacoming an accepted practice in
learning environments (Van Eck, 2006). There igremeasing recognition of the fact
that games are built under several principles ¢hatbe beneficial for the learner: they
give immediate feedback, allow the players to peegrat individual rates, allow the
transfer of concepts from theory to practice, pdewyraceful failure and give freedom of
exploration and discovery (Gee, 2003; Squire, 2008mpirical research by many
groups has shown the benefits of games as leatoalg, through the use of immersive
virtual environments (Dede, 2009; Clarke & Dedep2Z0and location-based games
(Klopfer & Squire, 2009; Mitchell, Dede & Dunleav3009) for example.

All the progress made in the use of games as a@dueatools, however, has not been
transferred to the school classroom, which remsiitisthe most important educational
environment in our current system. Evidence suggtsit there is a general lack of
classroom-based educational games for relevaneadbased learning (Kirriemuir &
McFarlane, 2003). The main reason for this situattothat creating a classroom-based
educational game is a difficult task. As with ardueational game it must accomplish
two goals: create a fun experience for the playmd achieve a specific learning
objective (Aleven, Myers, Easterday & Ogan, 20IX)e design of a fun game is in
itself a complex process and if the game must aleaov the player to learn a specific
subject, the task gets even more complex. Implemgrdan educational game in a
classroom context adds additional challenges: #meegshould involve all the students
in the class, the teacher must have the abilitgamtrol the game, the duration of the
game-play sessions should be adjusted to the lerfighie lecture, and others.
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To close this gap between games and classroomewalaped a two level model for
integrating educational games in the classroom. Tin& level represents the
pedagogical model used to support the game in ldes.cWe based this pedagogical
model on a previous work (Susaeta, Jimenez, Nussb@&@ajardo, Andreu & Villalta,
2009) which defined a model for developing collatime educational classroom games.
The second level represents the specific charatitayiof the game and how they
support the learning objectives. To accomplish, tiws defined the learning objectives
using Bloom’s revised taxonomy (Anderson, Krathwdkitasian, Cruickshank, Mayer
& Pintrich, 2001) and based on those objectivesspecified the characteristics of the
game.

This article is structured as following. Sectiopr2sents the two-level model developed
to integrate games in the classroom, describing tie pedagogical model level and the
learning objectives level. Section 3 describesraagdeveloped with this model to teach
electrostatics. Section 4 describes an experimevegldped to test the use of the game in
a real classroom context, presenting the resultgirdd. The last section presents our

conclusions and possible future work.

2.2 A model for classroom games

Our proposed model aims to integrate the dynamica game in the context of a

traditional classroom both at a macro and a mievell At the macro level, we present a
pedagogical model based on a previous work (Susstetd, 2009) to support this

integration. At the micro level, we present a matiak helps to specify the requirements
of the game based on Bloom’s revised taxonomyarhieg objectives (Anderson et al,

2001).
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2.2.1 Macro-level: Pedagogical model

The successful integration of a game in the classronust be supported by a
pedagogical model that considers all the challerafedeveloping a computer-based
activity inside a classroom. Our aim is that alidgints within the classroom are active
participants of their learning in a collaborativevieonment. Therefore, to support team
work and help the teacher to keep track of eactiesitusimultaneously, all kids should

be playing in a common game world. A suitable pedaml model should incorporate

the previous constraints and also define how anal witeractions should occur between

the students.

Susaeta et al (2009) developed a model that &ilfiie previous requirements. Their
work aimed to translate the Massive Multiplayer i@alGame (MMOG) concept into
the classroom. Since the number of students inctinigext is not massive and play takes
place within a single room rather than on the imé&rthey changed the terms “massive”
and “online” to “classroom” and “presential” respeely, thus giving the new
designation: “Classroom Multiplayer Presential Gai{€MPG).

The CMPG model is based on the Computer Supportdidiorative Learning (CSCL)
model (Dillenbourg, 1999), where the computer i®duss a tool to mediate the
collaboration between the students and to contrel steps or script that defines the
activity (Dillenbourg, 2002). In a CSCL activityhdre is a coordinated effort among a
group of students to achieve an educational gadldan only be accomplished by the
coordinated work of every member. The CSCL modet hmeen successfully
implemented in the classroom (Zurita & Nussbaump420Nussbaum, Alvarez,
McFarlane, Gémez, Claro & Radovic, 2009) and thekwof Susaeta et al (2009)
extended this by successfully incorporating the ofecollaborative games in the
classroom.
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In the CMPG model, the students in a class plathatsame time in a virtual world
projected by one computer onto the wall of the glas a one-to-many computing
model. The interaction of the students with the gam achieved by providing each
student an input device, namely a mouse, conneicteitie computer. With his/her
mouse, each student interacts with the in-claseqed virtual world, and verbally with
his/her peers. The interaction of the student enwintual world is accomplished by an
avatar that each player controls through his/hensaeoThe players can explore freely
the virtual environment using their in-game chaacThey can interact with different

objects place in the world and also with the chi@raoof their classmates.

During the game, the students have to work in graumchieve collaboratively a
common objective, which will depend on the speaifiotent being taught. The different
goals of the game will only be accomplished if piteyers coordinately participate in the
action, thus the students will need to discussalbribto make agreements and strategize

as a group.

The teacher plays a central part in the CMPG madighg as an omnipotent being in the
virtual scenario. Being in control of the only camgr involved in the game, the teacher
has full control of the system. For instance, he make a pause in the game to reinforce
a particular content or encourage discussion. gémee then, becomes a tool to be used
by the teacher, that can be controlled and paceshdiular needs and circumstances

appear.

2.2.2 Micro-level: Learning objectives

The macro level model for integrating a game in th@ssroom is not enough: to
successfully implement an educational game itsemsal to map the learning objectives
that are expected from the game to the specifiziaes, mechanics and story that will

be the essence of that game. To accomplish thesfidt step is to define the learning
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objectives. A useful tool for this is Bloom’s regt taxonomy (Anderson et al, 2001),
which categorizes the learning objectives in twmehsions: types of knowledge and
cognitive process. For the first dimension, theotemy defines four types of
knowledge: factual, conceptual, procedural and roetmitive. For the second
dimension, it defines six types of cognitive pree=s remember, understand, apply,
analyze, evaluate and create. With these two dilmessthe taxonomy encompasses 24
different combinations of knowledge and cognitiveqess that a given educational
activity can have as its learning objective.

The explicit definition of the learning objectives the game using this taxonomy,
defines the specific requirements that the gaméues must consider when creating
the game. Based on the objectives, the designeclwaose the genre, mechanics, story
and aesthetics for the game that best help thesstsido achieve the desired learning
goals. As an example, the game described by Susaeth(2010) was developed to
teach ecology and the interplay of herbivores aachigcores. Using Bloom’s revised
taxonomy, we can speculate that one specific legrobjective of the game was to
“understand the conceptual knowledge” of the edoligoalance. In this case, the way
the game was designed maps correctly to this legrabjective: an exploratory role
playing game, where each student has a role igdah® (hunter or gatherer) and needs
to explore how their actions in the world (plantinigunting herbivores, hunting

carnivores, etc) affect the balance of an ecosystem
2.3 Game developed

Using the proposed model, we designed and develaggine, named First Colony, to
teach 1¥ graders basic concepts of electrostatics. We &mtispecifically on charge
interaction and the law of forces between char@esilomb’s Law), which have been
proven to be a difficult subject matter for studefialoney, O'Kuma, Hieggelke & Van
Heuvelen, 2001).
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For the design of the game we considered firsitlezo-level of the model, specifying
the learning objectives and based on these, thexcfesistics of the game. To specify
the learning objectives we used as a basis thectegbdearning outcomes for 12
graders on the subject of Coulomb’s Law, proposgdthe Chilean Ministry of
Education (MINEDUC, 1998), which we categorized Bpom'’s revised taxonomy
(Table 1).

[1] [2] Understand [3] Apply

[4] Conceptual [5] Compare the concepts pf6]
positive, negative and neutral
charged object based on their
interaction

[7] Infer the concept of action and
reaction in a forceful interaction of
two objects

[8] Understand the concept pf
inverse relation between distance
and the electric force

[9] Understand the concept of direct
relation between charge intensjty
and the electric force

[10] Procedural | [11] [12] Apply the procedura|
knowledge of Coulomb’'s
Law in one dimension

[13] Apply the procedural
knowledge of Coulomb’'s
Law in two dimensions

Table 2-1.Learning objectives of the electrostatic CMPG tRi¢slony, categorized
according to Bloom’s revised taxonomy.

After specifying the learning objectives, we analyzwhat kind of game we should
develop to best support these and decided to miake@olony an action/puzzle game,
loosely inspired in the game Portal (Valve Softw@@07), based on two reasons. First,

specific puzzles allowed us to work the individoahcepts of the “understand” learning
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objectives. Second, the “apply” learning objectiu@solved the procedural application
of all the concepts combined, something that cdaddachieved in an action game,

where players must directly interact with objects.

Although electric charge is a real and observalblenpmenon, the specific topic of

Coulomb’s law is hard to contextualize in a rearario. Because of this, the game
could be set in either a realistic but abstractldvof electric particles, or in a fantasy-

based but concrete world with imaginary electrigeots. We choose this second option,
and developed the story for the game as follows: Stbhdents take the role of astronauts
of the first human colony in an extra-solar plantstat are on a mission to recover a
precious mineral found in space. The mineral hasutiique quality of storing electrical

energy and, due to the limited resources of themplit is essential that the astronauts
capture these. Because of the fragility of the mahehe astronauts can only interact
with it at a distance, using a special device tih@ates an electric field surrounding them
(the concept of field is not actually used in tleng, to avoid confusion). The idea of
this setup is that both the crystals and the aatrsnwill represent electric charges that

can interact according to Coulomb’s law which iswaately simulated in the game.

At the macro-level of the model, we designed themgas a CMPG, structured as a
series of individual and collaborative puzzles. Baene is divided in two main parts: a
training session followed by a mission. The tragnsession allows the players to get
acquainted with the game-play. It starts with ausege of simple individual tasks to

help them familiarize with the controls and inteda of the game. After these initial
tasks are completed by all students, the traincogiges on introducing the conceptual
knowledge topics (Table 1.) In this part, sevenaividual and collaborative activities

have to be performed. In each one, a new conceptragluced first by the teacher using
a white or blackboard, and then applied in the gadmee this sequence of introductory

concepts is completed, the training ends.
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The second part of the game is the mission. Thisipatructured as puzzle-like levels,
where in each level the students must collect armaare minerals pushing it through a
special portal. The first goal of this part is winforce the conceptual knowledge
explained in the training. To achieve this, whea thission starts the current charge of
each player is hidden, forcing them to collaboraitt each other and interact with the
charged objects to rediscover their charge. Thergkgoal of this part of the game is to
allow the students to apply their procedural knalgke of Coulomb’s law, both in one
and two dimensions. The one-dimensional versiorthef law is explored through
individual interaction between one astronaut and orystal. In the two-dimensional
version crystals are too big to be moved by ongeplaforcing them to work in small
groups of three to generate the necessary foroeote@ the crystal (Figure 1). In these
levels the players must develop a clear understgnali the vector addition of forces to

achieve the goal of moving the crystal in the aabitirection through the portal.

Figure 2-1.In some levels, students the crystals are toodoie moved by only one

student. The students must work in groups of ttoexchieve the desired goal.



31

2.4. Experimental work

The game was tested in a real classroom settirgjutty its effects on students. This

section presents the design of the experiment dpedland the results obtained from it.
2.4.1 Experimental design

To analyze the effectiveness of the game as aiteptool, we designed an experiment
with twelfth-grade students from a public schoolSantiago, Chile. The experiment
consisted in delivering an electrostatic classr@ bour to a group of students, using the
game as the main pedagogical tool. During the cldms students played the game,
which was guided by one of our researchers whotladole of the teacher. Depending
on the performance of the students in the gametetheher could pause the game-play

and use the blackboard to explain specific concepts

In order to assess the learning accomplished bystindents, a pretest-posttest design
was used. The pretest was administered just befmg played the game, and the
posttest right after they finished playing. Thetinsent used to measure the expected
learning outcomes was a specially designed conakpualuation that assessed each one
of these (Table 1) with specific questions. Thelwa#on was based on the Conceptual
Survey of Electricity (CSE) (Maloney et al, 2001akmg the necessary modifications to
cover the desired learning outcomes, and takinglmuuestions on unrelated or more
advanced subjects. We used questions 3 to 10 fnenCSE and added 13 additional
guestions, totalizing 21 questions in the survegfoBe the experiment, the test was
validated by two teachers of "l2grade physics. The internal consistency of the
evaluation was measured by giving the test to Zndhle, 7 female) students of the
same school as the ones used in the experimesinoig a Cronbach’s alpha of 0.74
which is better than the minimum value necessaprdoe reliability, 0.7.
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An initial pilot study was performed with nine sards of the school (6 male, 3 female)
with the objective of measuring the effect size astimating a minimum sample size to
obtain the desired significance and power levele Tésults of the pilot test gave a
Cohen’s D of value 1.18, which represents a larfflece From this quantifier we
estimated a sample size of 27 to obtain a sigméiedevel of 95% and power of 99%
with a t-Student test of one tail.

Based on the results of the pilot study, we designe experiment with 27 students (13

male, 14 female). The experiment was conductechduhiree sessions: in each session,
a different group of nine students played simultarsty the complete game. For the

collaborative levels of the game, the nine studewdse randomly assigned in three

groups of three.

To control the student’s previous experience wigchhology (computers and cell
phones usage) and videogames (computer, consoleelipthone games), we developed
a brief questionnaire which was answered by eaatest before the sessions. The
results of this survey showed (Table 2) that mastents in the sample, both male and
female, are frequent users of computers (only dudest used computer a couple of
times a month) and cell phones (only three studeidist use cell phones weekly). The
video game usage questions showed a differenceebatmales and females: only three
male students didn't play videogames every weelatineast one of the platforms,
compared to eight female students that didn't plagkly.
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Usage o! | Every da Some days in | Some day| Rarely Neve
week in a month

Male | Fem Male Fem Male | Fem | Male Fem Male | Fem

Cell Phon | 38.4 | 71.4% | 46.1% | 21.4% | 0% | 7.1% | 15.3% | 0% 0% | 0%
%

Compute | 76.¢ | 71.4% | 23.1% | 21.4% | 0% | 7.1% | 0% 0% 0% | 0%
%

Videogam: | 23.1 | 7.1% | 53.8% | 35.7% | 7.6% | 7.1% | 15.3% | 35.7% | 0% | 14.2%
%

Table 2-2.The questionnaire to control students’ previoyseeience with technology
and games show that most students in the sampleaggently computers and most
male students play frequently videogames.

To complement the results of the experiment, easisisn was videotaped with three
cameras. Two observers analyzed the recordingsthateexperiment, annotating every
five minutes any relevant observation related eeéhgagement of the students, the ease

of use of the system and any other significant espe

2.4.2 Results

The results from the pre and post conceptual etialushowed an increase in the
average number of correct answers from 6.11 tovitQ,standard deviations of 5.03 and
7.54 respectively. To analyze the statistical $igance of this result, we performed a t-
student test for dependant variables with the Imyblothesis being that the averages are
equal and the alternative hypothesis that the geephthe post test result is greater than
the average of the pre test. To reject the nulbtiypsis, a one tail test was used with a
significance level (alpha) of 0.01 (1%). The reswaft the t-student test to reject the null
hypothesis were statistically significant (p < @0Q) meaning that we can conclude
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with a 99% of confidence that the average numberoofect answers in the evaluation

increase after being exposed to the game.

Additionally, a post-hoc analysis was made to ab&@iCohen’s D quantifier value of

1.58, which represents a large effect size. Consigli¢his value, the sample size and the
significance level desired (alpha=0.01) we devedopepower analysis to obtain the
exact power value of the instrument. The resulanfrthis analysis show that the

instrument has a power of 99% (beta=0.01) for didence level of 99% (alpha=0.01).

A detailed analysis was performed for the resultthe individual questions and their

relation to the learning objectives. For each stdéhe results of all the questions
associated to one learning objective of Table Teveweraged, obtaining one value that
measured the performance of the student in thatitegobjective. A t-student test was

performed for all the six learning objective valuesh a significance level (alpha) of

0.01, comparing the pre and post test results.réhats were statistically significant (p

< 0.01) for four of the six learning objectivesiythe “understand the concept of direct
relation between charge intensity and the eledtnice” objective and the “apply the

procedural knowledge of Coulomb’s Law in two dimens” objective did not

significantly improved.

The possibility of a gender effect was controllgddividing the sample and analyzing
each group (males and females) separately. Thdtgefu both group showed an
increase in the average number of correct answg&r:t6 10.36 with the female students
and 6.69 to 9.62 with the male students. A t-stutlest was performed for the groups,
which showed that the results were statisticalgynigicant for both groups (Males: p =
0.0044; Females: p = 0.0001). The difference betweseh group was also compared,

but no statistical significance was found (p = (.24
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The effect of previous experience with technologyd asideo game use was also
analyzed. To quantify this relation the Pearsonigeatation coefficient was used, which
measures the lineal relation between two randommtgative variables. The result of
this analysis showed no relevant correlation betweeither the previous experience
with technology (Cell phone use: r=-0.3; Computee:ur=0.12) or the previous
experience with video games (Computer games: rs=@o@disole games: r=0.16; Cell

phone games: r=-0.03).

2.5 Discussion and Conclusions

The statistical analysis of the pre and post evimnaesults validates the effectiveness
of this game as tool for teaching electrostatioswklver, the detailed comparison of the
specific learning objectives results show that ghene has deficiencies in some areas:
explaining the relation between charge intensity fomce and the vector sum of forces
in two dimensions. The first problem may be causgthe absence of explicit moments
in the game were the students need to compare Hf@redt charge intensities affect in
the movement of the charges. The second problembeaexplained by the lack of
explicit visualization of vectors in the game, whimakes it hard for the students to
understand how the forces add up. We plan to dpweekecond version of the game that
includes explicit levels to explore the differenicethe force when charge intensity
changes and that integrates force vectors vistiairg which we expect will help

understand better the concepts that this game could

The analysis of the relation between the studeatitaracteristics and their results in the
test show that there was no relation between gemterious use of computer or
previous use of games and the improvement in ta&iation. This result is significant,

because it contradicts the general conception ghates can only be useful for male
students with previous game experience. An additiprece of evidence that supports

this was the excitement showed by female studehile whey were playing (one female
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student even asked “Where can | download this ggme&“possible explanation of the
success of this game with female students is tleealsoomponent: the collaboration
required in some levels adds a social dynamic ¢éogaime that traditional challenge-
based games do not have.

The results of the observation made to the videmroings add three additional
conclusions to this work. First, the motivationtleé students was high and remained the
same during the whole session, which shows thastingents are engaged in the game
and that they don't lose this engagement untilgda®e is finished. Second, the results of
the observations also demonstrate the fast ledityabf the system. Measures like
number of error in the actions and confusion with interfaces decline quickly after a
few minutes of game-play. This decline suggeststti@students are able to learn how
to play the game during the tutorial levels, and aae that knowledge in later levels of
the game. The fast learnability proves that it asgible to develop games that can be
learned and effectively used in only one sessianwéVer, an unanswered question is
how much training time does the teacher need taendke tool and give adequate
pedagogic support. Third, the experimental work pagormed with nine children that
worked simultaneously on the same projected vintw@ld, arranged in three groups of
three children each. Although these groups playetependently, our observations

showed us that there were positive interactionsden the groups.

The overall good results of the experiment sugtest although the learning concepts
are contextualized in a fantasy-based game enveahnthe students can transfer that
knowledge to answer the questions in the standaitiew tests. The possibility that
students could not be able to transfer the knovdetdas one of our main concerns when
developing the game, but the results give solidewe that the transfer did occur. We
believe that the successful transfer is possiblenijnabecause the guidance and
explanation given by the teacher acts as a linlvéen the fantasy world of the game
and the real world of the test. Thus, if gamesuser as an educational tool, the teacher
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knowledge of both the tool and the concepts arentisd, and that is something we plan

to analyze further in our future work.

A conclusion that goes beyond the game itselfesvtiidation of the proposed model as
a pedagogical tool. The initial identification dietlearning objectives through Bloom’s
revised taxonomy, its use as a design guide fogéme and the analysis we presented
of the specific results in each of them, validaties micro level of the model as a
powerful tool for both designing educational ganssl understanding the possible
problems they may have. The macro model based erCMPG also proved to be
successful, helping to sequence a set of puzzles siructure the collaborative

interaction of students within a classroom, putting teacher at the center of the game-

play.
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