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ABSTRACT

Game-based learning is quickly becoming a populandt in
Technology-Enhanced Learning. However, the fieldeisy broad
with many different initiatives being classified game-based
learning. On the other hand, instructors are demanelffective
ways to track the interaction of the students \ligh games and to
assess the learning process. The diversity is arnggue in this
regard, requiring instructors to understand eacinegand to
evaluate different kinds of games in different waysthis work
we present a unified mechanism to gather trackimjessessment
information from different and varied games. Aletmformation
is stored in an online learning environment, whie instructor
can consult it. The keystone of the approach isaeking and
assessment API that can be implemented by diffegantes on
the client-side and by diverse online learning sstwinents on the
server-side. This approach is illustrated with #eeAdventure>
family of educational platforms, which support tiiseroperable
API.
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K.3.1 [Computers and Education]: Computer uses in education
—distance learning, computer-managed instruction

K.8.0 [Personal Computing]: General -games

General Terms
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1. INTRODUCTION

The notion of using videogames for education, aitfonot new,
is gaining momentum and becoming an establishett the the
field of Technology-Enhanced Learning [3; 21; 3&}en though
a complete discussion of the educational benefitgame-based
learning would be beyond the scope of this worls tb be noted
that the reasons behind this approach have evealmddmatured,
abandoning the initial position in which videogamesre used in
education just because kids enjoy them. Games beseme an
established entertainment industry, engaging peafad kinds of
age, gender, race or social status [9], which mékes a good
way to enhance the fun factor of the learning eepees,
augmenting in this manner the motivation of allckiof learners.
Besides, videogames (even entertainment-driveroga®es) are
built on principles related to constructivist leiaugn [10], setting
the player into an active and exploratory role east of the
passive “sit-and-listen” method. Additionally, gan@romote
situated-learning, allow the players to explore thées of the
game world by trial and error (with a very shortdagffective
feedback cycle [17]) and, if set in an appropridenain, they can
be an effective tool to understand determined dieifiknowledge
[11; 35].

However, even if the academic community is begigrimaccept
the educational benefits of this paradigm [20; B4}, every game
has educational value and there are a number ¢tfuati®nal
aspects that must be taken into account when degigrame-
based learning experiences. One of the most impoaspects is
how to make sure that the students are actualiyileg while
interacting with the game [19]. It is importantttack the activity
of the students, making sure that they are learrirey right
lessons, preventing them from making wrong asswmngpti and
promoting reflection about the contents and medsanif the
game.

A basic approach would be to organize play sessiomdich the
instructor is present, watching and guiding thelstits. However,
this method is not scalable in traditional schagliand mostly
impossible in online learning environments. A msophisticated
alternative for these environments, as proposg@3i would be
to take advantage of the closed interaction betvstedent and
game to track the activity of the student and staedinformation
to an online Learning Management System (LMS) whie
instructor can check the tracking information gatide
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But the field of game-based learning is very widel atill very
young and mutable, just as the videogame indusseffi First,
many approaches can be labelled as game-basedntedir®].
From simpleedutainmentgames for young children that sugar-
coat educational content with popular cartoon dttera, to high-
end 3D massively multiplayer educational gaming dorporate
environments, it becomes hard to define and meashee
characteristics of the field.

Additionally, different situations may require @ifent types of
games. Firstly, not all the genres and types ofegaane adequate
to learn in all the domains of study. Moreover, reve a single
domain, diverse target audiences or educationabgtsnmay also
demand different types of games, even to the gafisbme cases
requiring a non-game-based alternative  [32].
students/domains may favour simpler 2D games wduietsimpler
to use and have less technical requirements for éxecution.
Some other cases may require more advanced 3D gaithes to
increase the immersive factor or to grasp the atterof students
with gaming habits (who are probably used to stétire-art
commercial games). In some situations it may evepdssible to
explore the possibilities of mobile gaming for JursfTime
learning situations or to really achieve tharning anywhere and
anytimemotto of traditional e-learning approaches [13].

Thus, in a mainly game-based online learning enwrent, we
may find that a unique type of videogame could fmufficient.
This would lead to complex heterogeneous game-biseding
systems with diverse (game-based and/or tradifjolerning
materials in which students choose (or are ass)gihedapproach
that is more appropriate according to their profile

This diversity represents a challenge when it coimésacking the
activity of the students and controlling whethegyttare learning
the appropriate concepts (i.e. the learning goals laeing
successfully accomplished). With different gameelatearning
approaches being put into practice at the same dimthe same
environment, there is a need of an entity ableomrdinate all of
them and register the results of the games foisagsmnt purposes
without involving an extra burden for the instructo

In this work we show our approach for the managémnérihis

complex scenario. This approach is exemplified ughothe <e-
Adventure> family of educational game platforms,ichhput this
principle into practice. It is a set of educatiogaime platforms
supporting the production of multiple types of ganfier diverse
learning scenarios, including 2D and 3D adventuaenes for
either desktop or mobile devices (Pocket PCs, PDAsbile

phones, etc.). All these platforms implement a cemrtracking
and assessment API that gathers information framrteraction
with the learner and connects them to an onlinerrieg

Management System (LMS). This common gateway alltves
integration of different heterogeneous games institee learning
environment, which is coordinated and controlled abjcentral
entity” (the LMS) that can be managed by the irdtou Thanks
to this structure the scheme is not limited to garokthe <e-
Adventure> family, as any game implementing the eAsment
API could interoperate with the LMS.

Thus, the document is structured as follows: intisec2 the
diverse field of game-based learning is analyzeteims of the
possible approaches and situations covered ini¢te fThen, in
section 3 some issues regarding the integratioganfie-based

Some

learning in on-line environments are discussed. e
Adventure> family with a description of the commoacking and
assessment API is presented in section 4. In seétia case of
application is given, in which a course with fouffetent learning
approaches (game-based and web-based) ruled by & W
developed. Finally, in section 6, we discuss soorekisions and
outline future lines of work.

2. THEDIVERSITY OF GAME-BASED
LEARNING

As previously mentioned, Game-Based Learning iscad term
that would include any initiative in which any kiefl computer or
videogame is part of a learning process. This @egtrovides an
informal classification of the initiatives found imcademic
discussions in terms of their complexity, targetiance and
situations of applicability in order to give a geslescope of the
field.

2.1 Edutainment

In spite of its etymology (combining the words ealien and
entertainment), the teredutainments often used in the literature
to describe those products in which play, fun aadcg design
take a secondary role [31]. These products aren ofteractive
multimedia presentations of the regular school eohttargeting
young children and using popular cartoon characiss a
motivating aspect.

The edutainmentmarket has been (and still is) very profitable,
with hundreds of titles published yearly. Howe\i¢s, peak was
mostly in the 90s, along with the popularizationnofiltimedia
computers, and was motivated mainly by the engagerné
parents and tutors who thought these approached belp their
children to improve their school results. Howewegny of these
products had a relatively low quality as they do get a proper
balance between fun and learning value (in manyes;athe
outcome has the learning value of a bad learnipgience and
the fun factor of a bad game), loading the tedutainmentvith a
negative value [21].

2.2 2D educational games: low costs and low

technical requirements.

One of the key challenges preventing the applioatth game-
based learning approaches is their cost. Micha€hé&n, during a
session onserious gamesin the 2005 Game Developers
Conference ran a survey to estimate the averaggafsvent cost
of a serious games project [21]. The result was thare than
52% of the projects had a cost above $100.000.|&imi[3]
estimates the development cost for a next-generaimulation
between 15 and 30 persons-year.

These numbers are far beyond the budget of mostatidnal
projects. For this reason, many educational gan@pgoents
advocate for simpler games that can be developed w@tore
reasonable cost [19]. In this case, game authqiagorms such
as theGame Maker or genre-focused tools such Adventure
MakeP and Adventure Studf are often mentioned in the

! http://www.yoyogames.com/gamemaker
2 http://mww.adventuremaker.com/
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literature [1] as an effective method to reduce dlegelopment
costs of the games.

These games also have other advantages. First, tdoinical
requirements are far lower than those of modern noercial
games. This facilitates the distribution of gamseduhcontents to
broader audiences without demanding a constantiatep (and
expensive) computer. Additionally, their simpleteirfaces may
be more comfortable for mature students who arealedys used
to the more dynamic and complex commercial games.

Indeed, in the last few years it has become obvibas simpler

games appeal to broader audiences. The boom ofntamet-

based casual gaming market, or the huge successsted by

Nintendo in both the DS™ (platform in which leamiproducts

such asBrain Agé™ or English Training™ are at the top of the
best-selling games) and the Wii™ consoles shouldeeugh

proof of that.

However, these games always run a risk of beingeperd by
certain student populations as dated and excegssueiplified,
loosing the motivation and immersion charactersstidé game-
based learning [27].

2.3 3D and multiplayer games: catering for

discer ning students

The commercial game industry is in a process ofsorm and
extremely fast technological innovation, alwaysrtgyto capture
the attention of the players with more impressivapgics,
physics and other aspects that enhance the redlisin.adds a
great pressure to the educational gaming field! Wise hard-
core gamer populations accept simpler educatioaaleg as real
games?

Of course, modern technology comes at a cost, kisdreéquires
special considerations: Is the target audiencesb@ugh so as to
justify the investment? In some cases, the begtoaph might be
to seek relatively modern 3D games, but one or geoerations
behind the current state-of-the-art and with thepsut of

specialized easy-to-use authoring tools suchTlas 3D Game
Maker™* to keep the development costs at reasonableslevel

However, the perception of avid gamers is not thl ceason
why some educational games must innovate techruoalhgi

Some domains may require a higher level of immersiod/or
realism than the offered by 2D games, making 3Degambetter
alternative. In this line, when realism is an intpat factor in the
learning process, state-of-the-art graphics may ladsrequired.

Other modern aspects, such as multiplayer (or melgsi
multiplayer) features may also be required in deieed
circumstances. This is the case, for example, & dhgoing
efforts to train emergency services that employliséa 3D
multiplayer environments to rehearse emergency nian
including interaction among the players [15]. Irclsiscenarios,
the stakes are sufficiently high so as to justifie tincreased
development cost.

3 http://mww.adventuregamestudio.co.uk/
4 http://t3dgm.thegamecreators.com/

2.4 Mobile games:. learning anytime and

anywhere

Now the number of mobile devices (PDAs, cell phompestable
game consoles, pocket PCs, etc) available in thekenas

increasing exponentially with a special successrgeenagers.
The use of mobile devices opens a wide range ofilpitises,

reaching even the educational field, in what hasnbealled m-
Learning [18]. The main characteristic of m-Leanniis the

mobility factor which makes possible the improvemen the

learning experience in different ways. As the sisplapproach
mobile devices can be used as reference toolsyialicthe user to
interact in the real world with the elements hesbe is learning
about, improving in this way the “in field” work @ think about
a botanic course where students could access tlebased
documentation of the plants while they see thenmdua visit to a
botanical garden or a natural place). Some otheliet show the
advantages of using this kind of devices in disfaed locations
or wherever computers can not be accessed [13].

One of the main possibilities offered by the in@unsof mobile

devices in educative experiences is the so callest-id-Time

learning. This is the possibility of accessing knewledge at the
moment and the place where it is necessary. Thasacteristic,
for example, might allow a professional to learmvto use a lorry
without the chance of causing any damage with angraction.
Arguing in the same line m-Learning can be useful ftudents
which wanted to improve their skills when they aravelling,

waiting for someone, or just in their spare timhigtcan be
particularly relevant when the learning contergase-based).

Moreover, modern mobile phones and PDAs usualljpdeextra
features typical of other kind of devices, suclG&S receptors or
Bluetooth connections. The use of these featurdésrsoiew
possibilities for educational experiences. Amongs# the
possibility of developing location-based applicaiodeserves to
be highlighted. In these systems the movement@ptsition of
the user is another input for the system, improvinthis way the
user’s feeling of immersion [24; 30]. Besides, sartieer devices
(which use is very extended in some cases) suchigisl
cameras have yielded a number of initiatives ferdbvelopment
of mobile augmented reality systems (also knowMabile AR)
[7]. These systems merge the physical and the alinvorlds,
enhancing the environment which surrounds the usih
computer-made virtual elements.

In spite of the advantages offered by m-Learnihgs approach
on its own would be insufficient in some situati@m should be
complemented with other approaches. For exampledests
could get tired rapidly playing long videogames anmobile
device. A desktop version of the game would berdbk in order
to alternate playing with the computer and the reolievice.
Besides m-Learning educational experiences mustidsigned
specifically with the particularities of these d=é in mind,
which affect both the contents and the interfa¢es s a complex
but relevant process in order to reduce the negafifiects due to
the reduced display and the computational limiteticso the
advantages offered by these systems are not dirféneé].

3. Game-based learning and e-Learning

Another key issue in game-based learning is hodidtribute the
content to the students. In this sense, a posaggeoach is to use
online learning platforms for this distribution [3Zllowing the
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students to play the games at home (or, in the chfee mobile
versions, on the move) and at their own pace.

E-learning applications have evolved from the pessiontent
repositories in the 90’s into comprehensive webliegtions that
manage all aspects of the learning experience.néelLearning
Management Systems (LMS) offer communication meisas)
provide student tracking and evaluation tools fog tnstructors
and keep a profile with the progress of each imtlial student.
Additionally, they are no longer reduced to disamziucation,
with  many educational institutions (including alroall the
universities) deploying these systems as an expaat for their
traditional teaching models.

Additionally, there is an important line of resdarn adaptive
online learning environments that tries to adaptselect the
content that is more appropriate for a particutadent (taking
into account the student’s profile) [5; 14; 25]

This approach would be especially suited for degalimith
heterogeneous game-based learning approachesaittgesystem
can host different courses with different types eafucational
games. Indeed, even the same course could inclederad
alternative types of games for different types tidents or
contexts. Moreover, the same LMS can also hostéments in
traditional (web-based) formats for those studéms do not like
educational games and prefer to follow a more i@l
approach [32].

Having alternative web-based content is importastt anly for
those students that do not like games. In somescdse to time
or environment constraints, playing a game may bet an
appropriate learning activity. More importantly, nggs are
probably one of the media forms posing more acbiibgi
challenges [12]. On the other hand, web-based nohizs been
the subject of accessibility studies for many yed@tserefore, in
game-based learning, a web version of the contamtserve as a
more accessible alternative for people with specieéds or
functional diversity.

We can thus find complex heterogeneous learningesys in
which game-based and traditional approaches coedibe
adaptation layer decides which is the more adeqiegiending on
the profile of the student, the learning contexg situation, etc.

But simply delivering all the games through the LM8es not
solve the main problem of how to integrate and doate all the
alternative learning paths and how to verify tina iearning goals
are being accomplished in each case. This integras a key
problem to be addressed in a manner that at the same the
system scalability and interoperability issuesaise guaranteed.

4. THE <E-ADVENTURE> FAMILY

The <e-Adventure> family is a set of platforms ded for the
production and execution of educational videogamBsose
platforms are specifically focused on the low cpsiduction of
games of the adventure genre (games like thosheinvtonkey
Island™ series), due to the good educational trdithis kind of
games, which have been broadly identified and aedlyin the
literature [4; 35].

The objective is to provide diverse solutions towerothe needs
and requirements of the widest possible range wdestts and
situations. Therefore, the family is compounded3agblatforms,
which are described in the next three subsectidghe: <e-

Adventure> platform, devoted for the creation ofnoaon point-
and-click adventure games using 2D world representa
(section 4.1); the <e-Adventure3D> platform, whictiows the
same idea but focused on 3D worlds (section 412); fmally a
mobile version of <e-Adventure> specially devised mobile
learning (section 4.3).

However, what makes this family of products esgbcialevant
to cover the issues previously highlighted, is thiaey all
implement a common in-game Tracking and Assessmétit
which connects all of the platforms to a centralizesarning
Management System where the instructors can corthat
gathered data (section 4.4).

4.1 The<e-Adventure> Platform

The original <e-Adventure> platform is compounded two
applications: a game editor and a game engineg@he editor is
instructor-oriented so a typical instructor with ither

programming background nor game-making skills camdpce
their own educational point-and-click adventure garf83].

Imagen de fondo de la escena

3

bl Inicial Vacia feg
R

selecti,, | [ view |
© g charactar references 15
entrifuga |5 Image preview - Escena Inicial Vaciajpg. =)
UbosEnsaye 3]
uboSangreCerrado
UboSangreAbisrta Map:
uboSangreAbiertolncinado)
ubosangreAbizrtaincinadod ®
uboSangreAbiertoConCapily 1
apilarSangreplastiina

apilarSangrePlastiinakarca 3
apilarCentrugadoCort =
apilarCentrugadoLarg
InteriorCentrifugal previen
InteriorCentrifuga2
InteriorCentrifugad
InteriorCentrifugathiarca
InteriorCentrifugat

1y

Figure 1. Screenshot of the edition of a medical procedure
game-based simulation with the <e-Adventure> game editor.

The low development costs of these games, alony wie
narrative-centric nature of the adventure genre emdie <e-
Adventure> platform adequate for a wide range oftexts and
situations (e.g. procedural simulation). For ins&gn <e-
Adventure> is adequate for game-like training satiohs.
Firstly, work environments (such as labs) can hgesented in
<e-Adventure> with little effort by taking photos the real
location (Figure 1), which helps students to getduso the
machines and tools they will find there. Seconthg activity of
the students can be tracked while they play thatksthe
assessment engine, checking in this manner if thges of the
simulation are completed correctly and in the righder
(especially useful when the simulation is about @mpglex
procedure with many stages to be completed intainesrder).
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Actually the effectiveness of the <e-Adventure> garhas been
proved in several applications, among which we haghlight
some medical procedure simulations [22].

Moreover, it is possible to take advantage of thpadrtance that
the narration (i.e. the storyboard) has in thesmegafor the
teaching of long pieces of theory or facts sequertbeough a
good story (as the case of study in section 5 t&pic

4.2 The<e-Adventure3D> Platform

In spite of the promising results obtained withAgbrenture>, we
cannot ignore that there is a public that may find genre of
point-and-click adventure games as dated and usstteg. As it
is discussed in section 2.3, some students withirgahabits find
these games too “old-fashioned” and therefore ttoacive. For
that reason we developed a platform for the creatib more
modern-looking 3D adventure games following the esam
principles as in the original <e-Adventure> platfor(i.e.
instructor-oriented, education-specific traits,.ettt is true that
the development cost of these games is higher myeuvit to the
high cost of the 3D resources, but it is a good@ggh to capture
the interest and attention of a public which is estpng from a
game more than a simple 2D world. Besides, thednot®n with
a 3D world seems to be more appropriate for sinurat
requiring an extra dose of realism and precision.

As seen in Figure 2, the creation of a 3D advergaree with the
<e-Adventure3D> editor is similar to the creatidnac2D point-
and-click adventure game, once the artistic ressurare
provided.
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Figure 2. Screenshot of the edition of a 3d adventure game for
theteaching the history of Rome.

4.3 The<m-Adventure> platform

Due to the increasing success of the mobile gampiaorms and
the possibilities offered by the new mobile devicese also
decided to extend <e-Adventure> platform with a newbile
engine, called <m-Adventure>.

The main idea is that the <m-Adventure> enginewsmnthe same
videogames generated by the original <e-Adventgane editor.
However, before the games are executed on the endiwice,
some necessary modifications need to be carriedt@wet it

running under the restriction of the device (e&sizing of the
images, removing of any resources not allowed ey dhvice,
etc). Despite the special needs of these devibesuse of this
platform allows the users to access the contethteanoment they
desire.

As the videogames developed by the <e-Adventurésredio not
require a critical response speed, those are eslyesiitable for
mobile devices with low performance speed and édhitesources
(e.g. mobile phones). On the other hand, the <eeAtlwe>
platform has been proved to be very useful for ldening of
complex procedures, as it has been previously ithestrBringing
this platform to mobile devices gives users thesitmldty of
accessing the game content during these procedamds to
practice certain actions in a safe system (e.gséaiions). In such
situations it can be a great reviewing tool inste&donsulting a
heavy manual, as on the display of the device siee can observe
the same tools or even locations than in the retbra In this
sense we can say that the <m-Adventure> platfooviges the
user with a quality Just-In-Time Learning, accegdime contents
exactly when they are needed.

4.4 TheTracking and Assessment API

As it has been described in the previous threeestioss, the <e-
Adventure> family provides diverse solutions fornmgabased
learning. Instructors will choose the more apprateri option
according to the needs and preferences of the rstudand the
learning context.

Using all these tools, it is possible to createetie game-based
materials for the same course, providing a scenaitlo various
“learning paths”. However, those paths are discotatke which
brings some disadvantages to the instructors. ftoisonly the
extra effort required to create the content of diféerent paths,
but also how to coordinate them. From a pedagogicait of
view instructors must check that, regardless oflga@ning path
followed by the student, the learning goals arendpeattained
successfully, a task which gets even harder whenhave to pay
attention to several game-based and web-basedirgapaths.
Besides, instructors need to find a solution tobfmms such as
the delivery and deployment of the games to theortes$
platforms involved (mobile devices, desktop comptevith
different system features, etc.).

In <e-Adventure> these issues are addressed byidpigva
common API for assessment and tracking purposes. AR
works as a middleware between the games and a LM&is
manner, the game engine can be used to gatheeshdsr of the
game; produce a detailed assessment report witfalpar final
grade according to a set of assessment rules defiyethe
instructor; and, finally, send a machine-readal#esion of the
report to the LMS to be attached to the profiléhaf student.

As it can be observed in Figure 3, the APl manaties
communication between a game being executed irstident’s
computer and the LMS. This means that the AP| ndedbke
implemented in both the server-side and the cbatd.

Some LMS already support the SCORMharable Content
Object Reference Modetet of specifications [2], promoted by
the U.S. Department of Defense in order to unifywhthe
educational contents are packaged, distributed exeduted. In
particular, SCORM defines a mechanism for the conioation
between active content and the server, allowingdhetent to
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submit information to the server such as the cotigplestatus of
the content.

D <m-Adventure> _

Learning Management
System

DWeb-based content

/ Legend

Implementation of the
Assessment AP|

Figure 3. Scheme of the communication between the elements
of a heter ogeneous game-based lear ning system through an
assessment and tracking common API.

The API proposed in <e-Adventure> is based on SCGRM
communication specifications. This means thathiosé cases in

which the server supports SCORM, there is no neéd o

implementing the server-side of the API. On theesotiand, if the
target LMS is not SCORM-compliant, the server-sid® must
be implemented and connected to the LMS.

Regarding the client-side, all the products in HeeAdventure>
family implement the API. However, it should not festricted to
these platforms. The API is open and based on SCORM
communication specifications: tHEEE Data Model for Content
to Learning Management System Communicaf@8] and the
IEEE ECMAScript API for
Communication[29].
developer can implement this API in other game megi yielding
a truly scalable approach that allows multiple kiraf games to
be integrated in the same system.

5. 1492: CASE OF STUDY OF AN
HETEROGENEOUS GAME-BASED
LEARNING SYSTEM

In order to evaluate the Tracking and Assessmernit &l its
educational advantages, we created a heterogepadire game-
based course, as it is described in this sectitomukt be noted
that this case study focuses on testing and valigl#he flexibility
and LMS compatibility of the tracking and assessn#d?il. It is

Content to Runtime Services
This means that an educational game

not our intent to compare the performance of ttferint game-
based learning approaches, or to validate the wencept of
game-based learning. As a consequence of the sayuments,
the games implemented are just introduced in #dsian but the
design and implementation details (usability, instional design,
development costs, etc.) are not in-depth analyhesever, a
brief explanation of the learning context is givienexemplify a
possible scenario where the ideas presented ip#psr could be
applied.

5.1 Application context and target audience

Due to the narrative orientation of the <e-Adveaturgames
(which are really adequate for story-telling) wecided to focus
the course on the Spanish History subject, preseatmost all
the years of the pre-higher Spanish educationaesysBesides,
the broad target audience was a solid reason ioufaef a
heterogeneous system with different learning apgresiin order
to satisfy the prospects of most of the audience.

() <m-Adventure>

-

-

| Web-based content

- <e-Adventure>

N ‘

Figure 4. Different materials (i.e. learning paths) of the
heter ogeneous game-based lear ning system.

The contents of the course are diverse episodeleoSpanish
History. In particular, one of the topics focusestbe events that
happened in the year 1492, one of the most actidergluential
years in the beginnings of the Spanish Kingdom. Amadhe
numerous events and changes experienced by thérgounrihat
year, two are considered to be especially impaortainst, 1492 is
the year in which the alliance of northern kingddimsshed the
conquest of the south regions they started cestage thanks to
the capture of Granada. As a result, the Spanisigdém closed
their main front of war and concentrated its aftentin
exploration, financing Columbus’ expedition to Amcar and
starting the Imperialistic era of Spanish Histofhese events
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make this year a compulsory topic of discussion study in all
the Spanish History courses for students in prinaay secondary
school, making it an interesting topic for the gamased learning
portion of the course.

5.2 General structure and materialsof the

learning system

The game-based portion of the course is implemeatedhree
distinct games covering the same topic: The CortopfeSranada
in 1492. The story is set around a boy, Cristobhalimo is told by

his history teacher to write an essay about the ¥&®2 to

improve his knowledge of the subject. When the extdstarts
reading for his essay he falls asleep, immersing dream where
he relives the events leading to the Conquest ah&ta.

Using all the products of the <e-Adventure> familree

different games were created: The original gam@B-adventure
game-, an improved and more appealing 3D advegam® and a
simplified version for execution in mobile devicés.addition, a
web-based (more traditional) approach is also abksl for those
students for which a game is not desirable.

The course was deployed in a LMS based on the sperce tool
Moodle [8]. In order to better illustrate that tapproach is not
restricted to SCORM-compliant environments (andegivhat
SCORM support in Moodle is still an open issue), extended
the environment with a server-side implementatibthe tracking
and assessment API.

5.3 Description of the Learning Paths

The first learning path is based onpaint-and-clickadventure
game developed with <e-Adventure>. The simplicify tlhese
games and low technical requirements make it a gbaice for
most of the students trying to complement theinkedge of the
subject at home with any or few guidance of thetiea

4| eAdventure

Figure5. Screenshot of the <e-Adventure> version of the 1492
game.

The second alternative in the system is a 3D vereiothe first

game developed with the <e-Adventure3D> platformasiBally

the storyboard of the game is the same (the bastd®ralin is told

to produce a research essay about the year 14@Rgnihanced
with the possibilities offered by a 3D-based in-gaworld. This

game could attract the attention of those studexsecting

something next to current commercial approachesbdhly this

will be the choice for teenagers, which in manyesaare used to
play videogames more often in they free time.

Figure 6. Screenshot of the <e-Adventure3D> version f 1492

The third game-based approach is basically a molgitsion of
the <e-Adventure> platform. The purpose of thisrapph was to
attract some young students who use their mobilengh
frequently and not only for making and receivinglscand
messages, but for gaming as well.

- ™ L]
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Figure 7. <m-Adventure> version of 1492.
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Finally, the last learning path is a web-basedrmidtive, more
adequate for those students presenting difficulieself-study
and which perhaps would require further guidanctesd of the
freedom of interaction that a videogame providehis Tlast
approach is basically a compilation of all the $aotcurred on
1492 in Spain, gathered from diverse sources ssigtikipedia

1452 ndice de 2%

8 <[4 | x J oaemonsearcn 5 -

TG 19 ndice de acontecinientos B

1492: indice de acontecimientos

+ 2 de enero - Conquista de Granada por los Reyes Catdlicos. El iltimo rey musulman, Boabdil, abandona la Peninsula Tbérica después de
mas de 700 afios de ocupacion. Fin de la Reconguista.

+ 31 de marzo - Los Reyes Catiicos firman en Granada el decreto del Ahambra de expulsion de los judios sefardies de Espafia. Algunos van
a contribuir al desarrollo financiero de los Paises Bajos, entonces bajo dominio espafiol, otros se instalan en el Magreb, en Portugal, en Italia
o en el Mediterraneo oriental. Entre 150.000 y 200.000 judios salen al exilo.

+ 17 de abril - Se firman las Capitulaciones de Santa Fe entre Cristobal Colon y los Reyes Catdlicos.

+ 3 de agosto - Cristébal Colon zarpa desde Palos de la Frontera.

« 11 de agosto - Rodrigo de Borja es elegido Papa tomando el nombre de Alejandro VI

+ 3 de septiembre - Francia e Inglaterra firman la paz mediante el tratado de Etaples.

« 6 de septiembre - Cristébal Colon zarpa desde La Gomera.

+ 12 de octubre - Descubrimiento de "las Indias” por Cristdbal Colon. =
diciembre - La Santa Maria encalla en Haiti y sus restos se usan para construir el fuerte Navidad, primer poblado espafiol en América

. urgo se convierte en la capital de Escocia
+ Catalina de Foix gana la guerra civil en Navarra.

+ Seinicia la conquista castellana de la isla canaria de La Paima, que terminard al afio siguiente.
« Alejandro VI sucede a Inocencio VIII como papa.

+ Colén descubre América

(Fuente: Wikipedia)

Historia de Granada

Granada fue el nico reino musulman que sobrevivio el empuje de los reinos cristianos del norte en el siglo XIIL. Pero finalmente cay® ante el
asedio militar montado por los Reyes Catdlicos y las intrigas poittico-diplomaticas del Rey Fernando, en enero de 1492. Con la caida de Granada
se complets la Reconguista y se alcanzo la unidad religiosa, cultural y politica de Espafia.

El reino de Granada fue el iltimo reino musulman de la peninsula Tbérica que
existié como entidad politica independiente en dos periodos distintos de la
historia de al-Andalus. También se le conocié como reino Nazari de
Granada.

Tras la desaparicién del califato de Cérdoba (1031) surgié como reino taifa
bajo la soberania berebere de los Ziries, hasta que en el afio 1090 fue
conauistado por los almordvides.

El reino Nazari de Granada se volvié a formar tras el hundimiento del
Imperio Almohade. Su fundador, Muhammad 1 (1237-1273), perteneciaa

8 Equipo | Modo protegido: desactvado “i00% -

Figure 8. Fragment of the web-based content of the cour se.

5.4 Assessing the performance of the students
The learning process in any of the four availabkthg is
evaluated with a different test, adapted to therattaristics of
each format.

The 2D version and the mobile version of the gamstute a final
scene in which the student interacts with a virtiealcher, who
asks a number of test questions about the coniémt.student
answers using the multiple-response mechanism sigabby the
in-game conversations and the grade is computes 3Thversion
uses a more sophisticated approach, computing degaa the
student plays the game. All the game versionsdfitian to the
grade, prepare a tracking report as indicated usiegtracking
features offered by the tracking mechanisms offdrgdhe <e-
Adventure> platforms as described in [23].

On the other hand, the traditional (web-based)iorrscludes a
typical multiple-choice test (with an additiona¢é-text question)
to be answered by the student within the system.

The grades computed through any of the three verdithe game
are processed by the Tracking and Assessment ARhatized,
and submitted to the LMS.

The grades are stored in the LMS along with thditicnal grades
obtained by the students following the web-baset.p&hen the
instructor accesses the LMS to check the gradethelstudent-
grades are stored together (see Figure 9). Theletbtaacking
reports from the game versions are stored in the-fiorm text
question from the traditional exam. This gives thstructors a
unified interface to follow the progress of theitudents,
regardless of the type of game they used to fotlmwcontent.

6. CONCLUSIONS AND FUTURE WORK
Game-based learning is a very active and diverskl fiith
promising educational benefits. However, due towlde range
of approaches, systems and target audiences tfeespme issues
that need to be addressed.

Historia de Espania

H.Jumptn »
MiCampus » seminario-50390044-1 » Grades » Report Turn editing on

| Choose an action |

Grader report My report preferences

X Show column averages  §i Show groups  fl Show ranges  #3 Show outcomes

Historia de Espafials

First name / Surname T Usemame Testinicial Test 1402 4
Baltasar Femandez Manjén balta 5.00 S.50
Pablo Lavin Mera pol_lm .00 TR
Ivan Martinez Ortiz imartinez 2.00 S.25
Pablo Moreno Ger pablo.mger &.00 7.50
José Luis Sierra Rodriguez jlsierva 8.00 Tt
Bruna Torijana Bueno bruna 5.00 .00
Roberto Tornero Santamarina rober 2,00 &.50
Javier Torvente Vigil jtorvents 2.00 .00

@ Moodle Docs for this page
You are logged in as Instructor (Logout)

seminario-50390044-1

Figure 9. Assessment record of the coursein aMoodleLMS.

In this paper we propose to deal with these incomrees

through an LMS. To connect the games with the Lk&ée need
to implement a common Assessment API. In this magaenes

can track and evaluate the activity of the student®rding to the
rules determined by the instructor, and produceassessment
report which is sent to the LMS. On its side, thd3_processes
the report and attaches it to the profile of thelent. In addition,
this principle has been exemplified with the <e-Adture>

family of platforms for the production of educat@radventure
games for diverse contexts and target audiences.

This approach guarantees the interoperability aadability of
the system, as any game or platform implementiegARI| could
be introduced.

The SCORM-oriented approach taken when creating taeking

and Assessment APl means that several LMS will Ipeost

automatically compliant with these games, althomngine research
is required to systematize a process to widen feetaum of
different LMS which can communicate with the assesst API.

We also intend to provide implementations of thenttside API

for different popular game engines and platformscdkding to

this idea, a future line of research will be to elep a more
refined communication layer not only for assessnhentalso for
adaptation purposes, allowing in this manner thgt standard
LMS can communicate with any videogame implementing

common API in both directions.
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The final objective of this line of research isrétionalize the use
of games in education by providing a solid grouhdt tallows
these games to be introduced in pre-existing et
environments. In our view, the modern LMS can be th
foundation on which to build game-based learningegiences.
But the diversity of game-based learning approacied the
variety of competing LMS implementations requiresfigation
efforts. Our work tries to facilitate the interopbility, trying to
allow any educational game to communicate with lavis.
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