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Abstract

Digital game-based learning is a hot topic of resdaand development. Since the advent of
computer and video games, educators were inheraridyested in utilizing the beneficial aspects
of computer games for educational purposes. Traders are primarily the intrinsic motivation of
games, immersive environments, engaging storia$,aanartful balance between challenges and
continuously growing abilities. Proponents of comgpugames delivered a large number of
empirical investigations revealing that games maggtdr the development of abilities and
competencies. Besides the advantageous aspectsngiuter games, a variety of problems were
reported by researchers. Due to the high costs wifegsional game development, many
educational games are technologically poor and cdancompete with entertainment games in
terms of visual design, possibilities for interacs, or storytelling. Moreover, many current
educational games do not incorporate a sound pdggieal, pedagogical, or didactic
background; instead they are focusing on transmisgr rehearsal of isolated facts or skills.
Finally, such games lack the ability to adapt tadividual competencies failing to balance
challenge and abilities regarding knowledge or IskilThe ELEKTRA project, introduced in this
article, aims for addressing these problems relyomgan interdisciplinary approach of cognitive
science, neuroscience, pedagogy, game design,and development. The project will develop an
adventure game that can keep up with commercial egamnd that focuses on primarily
curriculum-related educational purposes by incomuorg a sound psychological and pedagogical
framework. Moreover, the project will prove the @ames of research and development by a
comprehensive game demonstrator.

1. Introduction

The idea of using computer games for educationgdgaes was already born with the appearance
of the first computer games. In each year sinceaitieent of computer games, scientists and
developers have published numerous articles anéisboo the advantages of digital game-based
learning [79]. This idea, however, caused conslderdebate regarding the power of games for
educational purposes, the advantages, disadvantaass, and risks. At the same time, computer
game industry constantly increased sales up tondell®on US$ in 2005 [30]. Estimations say that
more than 100 million people frequently play compgames, alone in the US [56]. A significant
number of young people spend many hours a weelnglapmputer games [6][79] and most often
these games are the preferred play [78]. Thusatieenpt to utilize gaming activities and benefits
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of games for educational purposes seems to be aigngmapproach to improve and facilitate

learning, especially when fun, motivation, and imsman could be maintained. Most concisely,

games can contribute to educational aims in fouyswéa) the time spent for gaming could be

utilized -at least partially- for learning, (b) tirinsic motivation, engagement, and immersion of
computer games could be utilized to make learningoae pleasant task and support problem-
oriented learning with its challenges driven by ggphay, storyline and user interaction, (c) the
augmentation of both traditional and interactivergelling in current adventure games may be
also utilized for learning, since storytelling isayibe the most natural teaching and learning
method, and (d) the rich visual environment of eatrgames could be utilized to present new and
unusual perspectives within meaningful contexts.

Facing the broad range of possibilities, since theteen nineties research and development
increasingly focused on the effects of playing catap games for entertainment on a variety of
abilities, behaviors, or psycho-social issues. #Addally, more and more games have been
developed primarily aiming for educational goalesBarch and developed covered the whole
range of game types, from pure entertainment tcafled edutainment to pure education. The
results of research are widely promising; reviewd eeta-analyses constantly found that games
are able to promote learning [56][79]. Skepticswawer, argued for the difficulty of measuring
complex variables or constructs and the need toowdyrdefine variables and tightly control
conditions. Such research most often leads to stuti@ make correspondingly narrow claims
about tightly controlled aspects of games (cf. J78dditionally, major weaknesses of games used
for educational purposes were reported, especrtign aiming to utilize games for teaching in
classrooms and related to curricula [32][17][10].

1.1. Games for entertainment

Over the past decades a considerable amount o&robsdias been done on the impact of
entertainment games on a variety of psychologindl sociological variables and constructs. This
research covered the entire spectrum of game gypesevealed positive as well as negative effects
of (frequent) gaming.

Self-esteem, as one example, was found to bedraigehe amount of control and mastery
offered by games. However, there is some eviddmethese games become a substitute for social
interactions and relationships because of the asereof self-esteem imparted by games
[15][72][19]. Contrarily, studies revealed that dteent gaming does not significantly influence
social behavior and relationships [35][18]. Also marecent studies could not clarify these
contradictory results. Subrahmanyam [77] and cgliea suggested that more research has to be
done in this direction.

Violence and anti-social behavior, integral partamany entertainment games, were also
subject of research and frequently initiated anoomy debate about the negative influence on
violent behavior of gamers [6][7][9][11]. Generalljiolent games are viewed as intensifying factor
for violent or anti-social tendencies; games might young people’s perceptions of the difference
between real life and virtual reality, to the extdmat they become desensitized to aggression and
violence [77].

Also the effects of computer games for learningl academic performance have been
investigated in-depth. Generally, frequent gamisigassumed to foster the ability to adjust to a
computer-oriented knowledge and information socig@$] and computer skills. Moreover,
computer games are able to influence gamers’ gicand inferential thinking [68] and also the
ability to create mental images of information stiwes [66]. Other beneficial aspects of playing
computer games were found, for example, in metamtiog, spatial abilities, iconic memory,



psycho-motor skills, visual attention, peripheraion, mental rotation abilities, decision making,
or even improvements of memory [24][34][44][45][69][78].

However, most often these studies focused on nérrdefined aspects of games (cf. [79]).
Symptomatic for this kind of research is that improeats in certain constructs often perfectly
matched the demands of specific games (e.g., mestttion skills when playing hours of Tetris
[60][28]). Thus, generalizations to computer ganoestypes of computer games are difficult.
Moreover, interpretations of experimental resutis aften biased towards favoring games. As an
example, experiments [42] revealed statisticalligngicant increase in the participants’
“multitasking abilities” when playing 3D games. Hever, this author did not discuss the fact that
this result might also be interpreted in terms @éduction of gamers’ abilities to concentrate on
one thing at a time.

In summary, even if research results are not payfelear, there is some evidence, that
playing computer games are able to improve degrédottors like computer skills or different
cognitive abilities. The use of games in classrgqamsreover, is fostering motivation and attention
[73]. On the other hand, games do have an addigitential and frequently playing might
negatively impact social abilities and relationshi@€oncerning planned and maybe curriculum-
based education, existing games for entertainmawe la very limited potential. Games must be
aligned with the curriculum, didactic strategy, aahtent. According to [79], the latter is most
difficult because games for entertainment tend to negbectracy and completeness of contents.

1.2. Games for education

In consideration of the pervasive influence of catep games on our culture and the amount of
time gamers spend on playing computer games, maugcaéors, psychologists, and game
developers have increasingly focused on investigatind directly incorporating the beneficial
aspects of computer games for educational purpd$es.is a great attempt because, even if some
educators seriously argue against “making learfumg [76], playing games is one of the most
natural forms of learning. Children start learntogalk by playing with noises, they acquire motor
skills by pushing coins into a piggy bank, or tHegrn collaboration and strategic thinking when
playing Cowboy and Indian. Accordingly large is thedy of available computer games primarily
designed for educational purposes.

Game-based approaches were used, for exampleppors children learning specific skills
such as reading or math [44][74]. Halttunen andramen [37] developed an information retrieval
game or Kusunoki and colleagues [49] designed aegaaching urban planning and environmental
issues, supporting factual learning, and, usedlsothatively, enhancing cooperation and the ability
to discover how others think. Of course also sintagames have found a wide application and
are amongst the most effective and successful appes of using games in education. Besides
typical application of simulations in adult trainirfg.g. in pilot training or in military training in
order to reduce risks, costs and in order to reauiation which cannot be realized in realityglsu
approaches have been also used in classes, e.gnpooving cognitive abilities and factual
learning in certain subjects [22][38].

The list of such games could be extended furtinej2d] (Figure 1)British Gascreated a
game illustrating the importance of customer comication and diagnostic problem solving,
INTEL created a game illustrating the importance ofdcusity, PIXELearningcreated a game to
foster the development of skills for retail st&abfames2Traircreated a game to teach the use of 3D
CAD software, the German associatiBohulen ans Netz e.¥stablished an online platform for
girls including games like job application traing)g The European projectUniGame



(http://www.unigame.net) introduced the game-bakszaning concept to higher education and
lifelong learning.

Generally, games with primarily educational proposeere used to practice certain skills
and to improve awareness but less for teachingid&nowledge. Moreover; most existing games
have a clearly limited scope, due to the high costeveloping professional games they are often
simple and limited in providing intrinsic motivatioimmersion, and engagement. Even if the
examples shown in Figure 1 are state-of-the-artmgk@s of game-based learning, they cannot
compete with commercial games. Finally there isck laf empirical research investigating the
impact of such games on learning performance amdpadng the games’ success with other
methods of teaching and learning.
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Figure 1 Examples of current game-based learning. Thenefges displays a 3D
office simulation game bRIXELearning,the right a quiz game games2Train

1.3. Advantages and disadvantages of computer games in edtian

The main advantages of using computer games foratidnal purposes are intrinsic motivation
and the technological possibilities of virtual eoviments. Computer games are intrinsically
motivating, pervasive, and gamers voluntarily spandignificant amount of time for playing
computer games. Games are played to achieve ancedal or, in other terms, to win. Thus,
motivation is based on “winning while remaining dbeaged” [10]. Moreover, computer games
enable the creation of virtual learning spaces iwithhich new perspectives on a subject (e.g.,
viewing or manipulating an atom) can be realized &arning content can be presented to the
learner in a meaningful context. Digital learningveonments can benefit from the wide
experience of modern computer games by providinigstio learning experience — since pure
information does not become knowledge until ithgarted within a context and can therewith be
experienced. However, the mystery of these gamelosely related to learning: it is essential to
meet a challenge and a task, to solve problenimpove and of course to be awarded. One plays
a game in order to win. This is precisely how thenhn brain can be motivated to learn: We want
to understand ourselves, explore and understanaidhd around us and rise the challenge — if we
succeed, we obtain comprehension and self-confidekog we want to discover and know even
more.

The question is which factors (visual environmestsrylines, challenges, interactions with
non-player characters) are responsible for thesaradges and what are the general rules to
incorporate them with future educational computer games.



Malone [53] outlined three factors that “make vidgammes fun”: Challenge, fantasy, and
curiosity. He used these concepts to outline sévgraelines for creating enjoyable education
programs:

€ clear goals that students find meaningful,

€ multiple goal structures and scoring to give students feddiratheir progress,

€ multiple difficulty levels to adjust the game difficulty tealrner skill,

€ random elements of surprise, and

€ an emotionally appealing fantasy and metaphor that i®cetatgame skills.
Prensky [71] has outlined similar key factors, whmontribute to the immersive capabilities of
computer games: clear rules, continuous challemgk campetition, clear goals and objectives,
direct and instant feedback, and an immersive BeryMoreover, the rich virtual environments of
3D games might stimulate fantasy and involve thmeyain a virtual world [70] and ambiance
information create a rich learning experience [71].

In a pure educational study of factors influencétigdents motivation Viau [80] emphasizes
that the 3 factors (Figure 2) that can be influehaee the learner’'s perception regarding (a) the
value of the activity, (b) his/her competence tdilfuhe activity and (c) the control he/she has on
the activity. An obvious relation can be made betwMalone’s [53] clear goals that students find
meaningful and Viau's perception regarding the gabf the activity. Viau's factor about the
competence is linked to Malone’s and Prensky’s ehgke concept especially when the difficulty
level is to be adjusted to the learner’s level. Thallenge is not to be too easy or too difficult
otherwise the player motivation will decrease. V&aontrol factor is clearly linked to the amount
of control and mastery offered by games and self-esteernpgsagraph 1.1).
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Figure 2.Motivational dynamic of a learner translated anduimented from Viau [80].

The main disadvantages are that educational gamgese a certain balance between learning and
gaming action to maintain fun, motivation, or eveawf, they require a balance between challenge
and ability, and the development of immersive games is skmen

The balance between actions related to learnindgaations related to fun and maintaining
motivation is a crucial factor for a cost-benefitdgzoff in educational games. It might be difficult
to find this balance for all individuals of a tatggoup. In terms of effective and efficient leangpi
it would be inadequate to design an educationalegtirat is highly motivating and engaging and,
on the other hand, that is limited to only a snaatiount of learning content. The risk is high that
what can be learned from one textbook page witBiminutes could take significantly longer to be



learned with a computer game which must be enrich#gd an engaging storyline. In turn,
educational software might be disliked by students beaafuséack of fun [52].

Furthermore, effective games require a continualarize between challenge and ability.
While game designers have a long tradition and éxpee in realizing such balance for gaming
actions, e.g. battling an opponent, this is natiaat task for realizing it in terms of knowledge,
skills, or competencies. Consequently an adaptiyeoaeh is required that accomplishes such
balance and that, again, requires an appropriate learms.mo

Clark [17] has highlighted a number of additionakrfactors that might have negative
effects on learning with computer games:

€ Games may distract from learning when the gamensapily concentrates on game
actions, e.g. discovering the virtual environment or ingtibpponents,

€ males and females might not be reached by cergpestof computer games to the
same extent, or

€ the risk of “hijacking” the virtual word by educators.

Finally, the creation of professional computer gamse very costly [32]. This is true in
terms of an appealing design as well as in termgnpfementing appropriate didactic methods.
Current educational games often confine to a sjrigdéitional learning method, such as reading or
listening. In this regard, such games do not diffem other multi-media learning applications.
Often the taught as well as the tested knowledgetising else but a collection of isolated facts or
skills. Learning mainly proceeds in a linear fashiavhich means that the learner is confronted
with a predefined sequence of learning situatidfsreover, many learning games do not test and
profile learners before they enter the game wanhdi they are generally not able to pay attention to
individual performance or learning progress. Aduhitilly, the design of many educational games is
not appealing or engaging. They generally do noetmgamers’ demands on 3D learning
environments and graphics as they are state-ofthie-r commercial computer games. The same is
true for gaming possibilities or storylines. Consatily, many current learning games
underperform in motivating the learner. They do ume realistic non-player characters that have a
convincing appearance and mimic, and maintain eygact, which is an important factor for
motivating the player and is standard in non-leayrgames. Finally, they do not make use of the
motivating power of elaborated story telling.

Summarizing, a large number of today’s educatiogames in contrast to current
commercial computer games do not engage learngregsuffer from distractive and incoherent
learning and gaming experience, low interactivligear learning paths, poor storytelling, poor
graphics, weak adaptivity features, and not account farad€es degree of confidence.

Also [10] reports similar disadvantages of ganigés:easy to address the wrong level of
interest and challenge for a learner, games mighbheasy or too difficult for a learner, it might
take a long time to work through a game, due td lugsts of professional game development,
educational games might easily be poorly desiggedhes can be addictive, and games might
include gender biases and stereotyped characters.

The question is how these disadvantages can bessddl in order to enable a more efficient and
effective use of computer games for education. iRagames, as mentioned, is one of the most
natural forms of learning. This form is in accordarwith constructive approaches to learning.
Such cognitive or constructivist approaches tonegr claim that information per se is not
knowledge; knowledge is constructed by cognitivecpssing of information and by integrating
new information into existing knowledge. The kno#lde construction process relates to the
learner not as an empty vessel into which pre-fétated knowledge can be poured undigested, but
someone with an existing knowledge structure onkaclv they must fit their new learning. A



constructivist approach will therefore begin withat the learner already knows and involve them
in active engagement with the new [55]. Computangs offer a wide range of possibilities to

“construct” new knowledge in a meaningful contexidaallow a persistent active engagement
which might give games the edge over traditional transamssi information.

2. ELEKTRA: Enhanced learning experience and knowldge transfer

The acronym ELEKTRA (www.elektra-project.org) stands for “enhanced learniregierpe and
knowledge transfer”. ELEKTRA is a two-year reseagrstd development project funded by the
European Commission under the Sixth Framework Rrogre in the IST research priority.
ELEKTRA has the ambitious and visionary goal tdyfultilize the advantages of computer games
and their design fundamentals for educational pgpoand to address and eliminate the
disadvantages of game-based learning as far aglgodsine interdisciplinary European partners
contribute to development and research in orderdéoelop a methodology for designing
educational games as well as a comprehensive gameng&ator. Furthermore, important research
guestions shall be addressed by the project bothetevel of the involved research domains and
on an interdisciplinary level. The consortium members are:
€ Laboratory for Mixed Realities (LMR, Germany) is the pro@mbrdinator and also
responsible for interdisciplinary and overall conceptiateractive information design
and narration, game design, character design and develbpme
€ Testaluna (Italy) is responsible for game design and dewelot
€ KLETT Lernen und Wissen GmbH (Germany) is responsible fotect development
and for game publishing
€ Broadview TV (Germany) is responsible for media producdiod dissemination, as
well as production of game assets and animations
€ ORT France is responsible for evaluation and validatiohefjame demonstrator,
game components and instructional design
€ Trinity College Dublin (Ireland) is responsible for thehtecological development of
adaptive learning and teaching within the game
€ University of Liege (Belgium) is responsible for pedagabimplications, didactic
design and curriculum development
€ Center of Advanced Imaging (CAI) of the University of Breng&ermany) is
responsible for neuroscientific research and media pgglago
€ University of Graz (Austria) is responsible for adaptiverusodeling and cognitive
research on game-based learning

2.1. The ambitious vision of ELEKTRA

The aim of the ELEKTRA project is to establish atiheglology which incorporates the advantages
of computer games for educational purposes andséocome disadvantages and potential risks.
Modern computer games let their players enter iheal worlds by offering a high degree of
interactivity and realism. They turn the user irtie fictive protagonist and hero, who can act and
interact using more and more complex game featurethdfmore, the “gamer” is embedded in a
fascinating universe having its own rules and r=sisl to be discovered. By the player's own
actions and his involvement into the frameworkstbie game becomes important and meaningful
to him. ELEKTRA will build upon these success prpies and apply their design and realization
in current computer games in order to develop nemm$ of didactic design for game-based
learning. The aim is to excite and motivate learrexfgally as leading edge commercial games



excite gamers and improve the knowledge transféhetsame time. Learning situations will be
presented in a rich and immersive virtual 3D envwinent offering traditional and new perspectives
to learning content and embedded in a meaningfalmativating storyline. This will offer both a
consistent world experience that fosters contextahing and envision knowledge in imaginative
and visionary stunning ways. Moreover, ELEKTRA witicorporate sound pedagogical and
psychological learner models and didactics. Witthis learning game environment ELEKTRA
fosters a user-centric approach as regard to batinihg and gaming by enabling constructivist and
active behavior as well as situation- or story-enivearning and teaching situations. On the basis
of an adaptive mechanism in ELEKTRA’s game engititee learner's experience will be
personalized and also guided through learning tsitus by following pedagogical and didactic
rules and by adapting to the learners’ prior anderu knowledge, continuously constructing new
knowledge. In this way, learners will be able tadatheir individual “garden of knowledge”
(Figure 3) which can be explored extensively. Mesrp teachers will be supported in including
this immersive 3D world as part of their classroawtivities by closely relating the learning
objectives of ELEKTRA to national curricula and kgesigning learning scenarios (e.g.,
experiments or simulations) that will be directly availdibben outside the game.

Figure 3 ELEKTRA's garden of knowledge: A metaphor for amiersive
3D environment that enables the learner to expéaming content.

ELEKTRA'’s 3D world will be the visual representatiof the learning environment. It will support
the learner in the visualization of the structufdearning content as part of a highly interactive
virtual landscape. An appropriate metaphor is adga of knowledge” that can be explored and
discovered by a learner, which offers new perspestiand which allows a continuous construction
of new knowledge with an ongoing storyline of therge. This virtual landscape of knowledge is
the direct visual representation of an underlyiogsistent network of ontologies and concept maps
that represent the learning topic, its context @wedseveral learning objects that belong to thectop
It is also the underlying structure for the progres of the game-play as well as for the
background story. Furthermore the visualizationriigractive 3D-graphics could render different
views of learning objects in real-time layeringfelient perspectives from various subjects in the
same spatial environment. This potentially credkesimpression of multidimensional realities,
which may change according to learning methods diddctical strategies. The concepts for



navigation and user interface will support this agpt of multi modal perspectives on the same
learning content covering a holistic view. The tearmodel and its connection to the knowledge
representation will also contribute to the gamey m&perience by the use of monitoring and
assessment of the learner within the environmeits Will enable a situated and activity-driven

learning experience in ELEKTRA’s virtual learninghvéronment that is able to react to the

learner’s behavior, cognitive state, and learning pregres

Current digital educational games mainly consistved parts that separates immersive gaming
experiences from learning experiences: (a) a gaor&@woften 2 D, sometimes 3 D) with several
tasks for the learner and (b) a learning part (BB similar to traditional non gaming multi media
learning products), where the learner mainly hag&al text or watch a film to receive information
and to gain knowledge. These games use traditraetiods to support the knowledge transfer and
just imitate traditional learning material and nuth such as books and films. They continue the
linear content of traditional media display formatsan interactive environment. Thus, the learner
often has to jump from the learning part to the ganppart which causes loss of the immersion and
the embedding within the context. Summarizing,
€ Many existing educational games are, due to high coststefdtthe-art game
development, technologically poor. Learners can not ireengto a consistent learning
world and get discouraged due to poor quality standardsanoeots for visualization,
interaction, and storytelling.
The ELEKTRA project will not be able to reduce productionsdsr such games,
however, it will encourage companies to invest in high-gughmes and will demonstrate
that such investments are justified.
€ Many existing educational games do not rely on nationaladcoricula or, at best, focus
on a very limited part of them.
ELEKTRA will focus on different national curricula and demstrate that such learning
content can be “hidden” in an immersive game.
€ Most existing educational games are not based on soundqogckgnd didactical models.
At best, these games support one learning method.
ELEKTRA will incorporate a sound pedagogical model base8lLdtM [51] and the
knowledge taxonomy of Bloom and its revisions [12][48].
€ Many educational games focus on isolated facts, skills,iltieg Moreover, they
generally provide a given linear sequence of presentimgitepcontents.
ELEKTRA will provide an adaptive approach to knowledge dallsdased orkKnowledge
Space Theorj26][27] and theCompetence-Performance Approddb][47] enabling
individual personalized learning paths. ELEKTRA's leaghgame offers an edifice of
ideas for a complete learning topic that is based on a domiailogy of the corresponding
knowledge and learning matter and embedded in a coheréagrband story.
€ Many educational games do not provide an in-depth assesshpior knowledge or of
knowledge and skills acquired during the game play.
ELEKTRA will provide adaptive assessment algorithms teradf diagnostic approach that
enables adaptivity and, consequently, a balance betwadearge and ability.

These aims are of course highly ambitious and agtienbut the interdisciplinary approach to
research and development let us believe, that EIEEX€an make a significant contribution to the
future of digital game-based learning.

2.2. ELEKTRA's interdisciplinary approach



To accomplish the optimistic aims of ELEKTRA, anertisciplinary approach (Figure 4) is
required to address all related challenges of déesygan educational game; from a psychological
perspective, from pedagogical perspective, fromtemn and goal perspectives, from the
perspective of game design and programming, andn fitbe perspective of commercial
exploitation. Moreover, emerging research questimst be addressed to progress to a future,
more effective and desirable game-based learning.

2.2.1. Instructional design and didactic strategies

Current models describing the scope of human legrand teaching methods are crucial for the
development of meaningful and engaging game enwiemts and immersive and enthralling
storylines. A body research in the fields of instional theories and personalization theories put
emphasis on this point (e.g., [54]). From the wofkseveral authors in the field of learning
psychology and pedagogy, a renewed interest fovdhiety of teaching and learning methods has
emerged. On the basis of research in the domaiedo€ational psychology (e.g., [61]), which
showed that the deployment of multiple channelsfoetes learning, a balance between learning
modes can be assumed to maximize learning perfa@ndie diversity of learning experiences by
which the learner is encouraged to learn thus emerges asraonrof educational quality.

Figure 4 Sketch of ELEKTRA’s methodological approach.

ELEKTRA's pedagogical basis will be tligght Learning Events Modé8LEM), which is
a pedagogical approach emphasizing that learnimgtevare based on eight basic components.
According to [51], on the basis of these eight congnts any number of training strategies can be
deduced or, the other way round, any didacticeqsatan be traced on these basic components. An
advantage of the 8LEM approach is that, unliketénms method and strategy, learning events can
refer to intentional learning as well as incidental leagnirhe eight learning events are:



€ Imitation / Modeling: Describes incidental or intentiotedrning through observation and
subsequent imitation. The role of a tutor or teacher is lze{ngle) model.

€ Reception / Transmission: Describes learning be reagiaiiormation or advice. The
tutor’s role is transmitting information.

€ Exercising / Guidance: Describes a “proceduralizing” antdraation of skills. The tutor’s
role is giving learners guidance and corrections.

€ Exploration / Documentation: Describes learning by anstigation of information with a
certain degree of freedom. The tutor’s role is to providdange, sources, or access.

€ Experimentation / Reactivity: Describes learning throognipulations of environments
and observations of effects. The tutor’s role is to providersvironment which allows
experimentation and manipulation of objects, i.e. progideactivity.

€ Creation / Confrontation: Describes learning by creatieny content or objects (e.g., texts
or music). Creation also includes a reincorporation of knosvrient. The tutor’s role is to
foster creation process or confront learners with taskeeation.

€ Self-reflection / Co-reflection: Describes learning bftecting the own knowledge and

skills and the own learning processes. The tutor’s rolegs/wlearners guidance and help

in reflection processes.

€ Debate / Animation: Describes learning by social intepastsuch as debates, arguments,

and exchange of ideas. The tutor’s role is “animating” aoiting debates and discussions.
The advantages of this model are that it is ob&dev@eaning that its components can be identified
guantitatively and qualitatively. Moreover, the nebds not deterministic; in specific situations
more than one learning event can be present. Fong@gawatching TV might include imitation of
seen activities combined with perceiving informatiémom the tutor's perspective watching TV
might include modeling and transmission. The 8LENbves describing existing learning or
teaching strategies or programs. Moreover, fromeagiptive point of view, the model allows to
plan and track learning or teaching activities.t@ia basis, 8LEM allows to assure a diversification
of learning or teaching methods.

Diversification of methods is a well-establishedd@gogical principle. Diversification of
methods means to provide learners with a broadeyeraf learning and teaching methods during
the learning progress, instead of using continyotis## same strategy (e.g., transmission). One of
its underpinning principles is that variety bergefiiot only to current learning activities but also
trains students in learning to learn. Should tissuaption be confirmed, the diversity of learning
experiences by which the learner is encouragedatimlwould emerge as a criterion of educational
quality. The model substantiates a number of reasonvarying learning events: (&)athetical
polyvalence meaning that it is in the learner’s interest @ingexposure to a whole range of
learning modes in order to become a more competamielegolyvalent in exploiting the variety of
methods, resources, or constraints. This polyvaldrecomes an even more urgent necessity in a
knowledge society as this experience of diversigppres the learner to take advantage of any
future learning occasion. The learner's mathetatgvalence corresponds to the teacher's “didactic
polyvalence”, i.e. the capacity to organize divegsmlity learning experiences. Facilitating the
spring of polyvalent learners, the 8LEM providetoal empowering educators for offering their
pupils a rich, i.e. multi-faceted, learning expecen(b)Epistemology meaning the advantage of
covering a subject by means of varied events wHads not lie purely in the fact that it trains the
learner in a variety of learning methods. It alss lan impact on the content itself. Varying events
also means, over and beyond the question of metlsodstructing and enriching the concept and
the conceptual network associated to it. A medstadent will have a particular idea of the
stomach if he reads (reception) documents abotibtigan. But he will perceive a different facet if
he is invited to perform a free dissection of arsioh (exploration). His conceptual network will be



enriched further if, as an observer, he attendsraach operation (imitation). When he himself has
practised stomach operations (drilling), his comnicep of the stomach will have evolved still
further. Finally, when he engages in discussion withpeers (debate), his conceptual network will
expand even further. As well as experiencing vaimarning methods, he will in so doing have
developed a multimodal approach to the concept iestipn. (c)Personalization meaning the
delivery of learning paths tailored to the persopedferences of the learner. The mathetical
polyvalence principle brings back the idea, exprdgsrosaically, that it is not because a student
likes chocolate that she does not have to be seruéd. The practitioner should consider the
benefits of accommodating preferences or going najathem. Both personalization and
polyvalence drive similar attention to diversificet. Any learning object can therefore equally
serve a polyvalence or a personalization endeavmih, orientations requiring in all cases extra-
reflection, extra-work and extra-pedagogical cratifor materializing the educational ideal of a
panel of learning experiences offered to students.

The framework of 8LEM allows to plan learning aeac¢hing on a very detailed basis, and
from a descriptive perspective it allows to assudiversification of methods in order to empower
learning and to retain motivation.

Based on the question how well people understanénow a subject, Benjamin Bloom and
colleagues [12][48] identified three general types ofreay.

(a) the cognitive domain which includes skills and knowégdg

(b) the affective domain which includes a development avtiran emotional areas

and attitudes, and
(c) the psychomotor domain which includes manual and phlysidls.
For each domain Bloom, Krathwohl, and Masia idesdifcategories for the depth of learning. The
cognitive domain, which is particularly interestifty ELEKTRA’s game-based learning approach,
involves knowledge and the development of intellattskills. This includes the recall or
recognition of specific facts, procedural patterasgd concepts that serve in the development of
intellectual abilities and skills. There are sixjanacategories, which are listed in order below,
starting from the simplest behavior to the most cexpllThe categories can be thought of as
degrees of difficulties [16] which establish a hamhical order. A more simple level of knowledge
or ability must be given in order to reach a deeper one. Thgocege are
€ Knowledgethe recall of factual information,
€ Comprehensiorunderstanding of the meaning, translation, interpolatod interpretation
of instructions and problems,
€ Application using of a concept in a new situation or unprompted use distraation,
€ Analysis separating material or concepts into sub-componentasagtorganizational
structure may be understood,
€ Synthesisbuilding a structure or pattern from diverse elementsirjgiparts to form a
whole, with emphasis on creating a new meaning or structure,
€ Evaluation making of judgments about the value of ideas or materials.
Additionally, so-called action verbs are assigneceach category, describing recall methods or
abilities more detailed. For the category “knowl€dgetion verbs are, for example, “define”,
“describe”, or “label”; for the category “analysis” “compar“quantify”, or “measure”.

Anderson and Krathwohl [8] revised Bloom’s originakonomy. These authors combined
both the cognitive process and knowledge dimensidhss new expanded taxonomy can help
instructional designers and teachers to write aemse learning objectives. The knowledge
dimension includes factual knowledge, conceptuavwkadge, procedural knowledge, and meta-
cognitive knowledge, the cognitive process dimemsnzludes the abilities remember, understand,



apply, analyze, evaluate, and create. Thus, legianma teaching activities can be related to one of
the 24 (4x6) combinations.

Using the categories and the related action veBtsom’'s taxonomy allows precisely
describing and planning learning objectives (eagdearner shall be able to apply knowledge about
algebra to solve an equation) and the design of knowledgssasents.

ELEKTRA will also build on the most recent pedagogisearch about the potential of storytelling,
“the original form of teaching” [65][83]. Storiegeaimportant cognitive events of particular

pedagogical value because, according to [59], #mgapsulate four of the crucial elements of
human communication in one rhetorical package:rmégion, knowledge, context, and emotion.

"Educational media, such as lectures, books, T\gnams, are all narrative in form, and for good
reason. Narrative provides a macro-structure, whieates global coherence, contributes to local
coherence and aids recall through its network afsahlinks and sign posting. Narrative is

fundamentally linked to cognition and so is paitaely relevant to the design of multimedia for

learning” [50].

2.2.2. A cognitive learner model

Considering current practice in game-based learfiom the perspective of cognitive science
reveals a major gap. On the one hand, the develupofelearning games is mostly driven by
technology and content. The rationale underlyingirtldesign may allude to general learning
principles, such as constructivist learning, butstally does not explicitly build upon elaborated
and formalized learning theories. On the other haognitive science does not yet provide the
comprehensive and ready-to-be-implemented leariegry, which is capable of capturing the
relevant factors and processes in game-basedrngarThis lack of ties to learning theory as well as
that of a coherent theoretical framework and reteparadigm has already been acknowledged a
decade ago [33]. Since then, gaming technologyrhpsoved dramatically, but not much has been
done to study how these improvements might be parated into learning environments, and there
is still very little agreement as to the theoretical undherpigs of this endeavor [75].

A promising approach and starting point for establishisgumd cognitive learner model is
Knowledge Space Theory and the Competence Performanceakppro

Knowledge Space Theory (KST; [26][27]) provides éd-theoretic framework for organizing a
domain of knowledge and for representing the kndgdeof individuals based on prerequisite
relations. A knowledge domain is represented hipitefsetQ of problems. Th&nowledge statef

a learner is described as the subset of probleatssthe is able to master. Dueperequisite
relations among the problems of a domain, not all subsetgroblems are possible knowledge
states. If two problemsa, b  Q are in a prerequisite relation, we can assume fmastering
problemb a mastering of problem. The collection of possible knowledge states cowadmng to

a prerequisite relation, including the empty setand the whole se, is called aknowledge
structure . In its original formalization, KST is purely beharal focusing on the observable
performance and it does not refer to the skillsompetencies that underlie that performance.
Several approaches for extending the KST have hmdilished, which incorporate explicit
reference to the skills that are required for saime problems of a domain [2][3][25][29][31]. On
of the most successful approaches is @mmpetence Performance Approa@PA) by Klaus
Korossy [46][47]. The basic idea of CPA is to assuarbasic set of abstract cognitive skills that
are relevant for mastering the problems of a domHecompetence stataf an individual is the
collection of all available skills, which is notrdctly observable but can be uncovered on the basis



of the observable performance on the problems septang the domain. As in KST, prerequisite
relations are described on the set of competensiableshing acompetence structure, Gvhich
contains all possible competence states. Utiliskiti andproblem functionsfamilies of subsets of
skills can be mapped to problems, which can be enedtwith the given skills and vice versa. By
the assignment of skills to the problems of a domalso aperformance structur@r problem
structureon the set of problems is induced.

Based on -in detail- specified learning contentd #&arning goals, the skills must be
extracted and defined. This might be lead (a) kg Ilthgical structure of learning objects, (b)
theoretically, e.g. lead by existing psychologigeddagogical, or didactic theories, (c) empirically
e.g. as the result of empirical investigations nbwledge states of learners at different ages and
levels of knowledge, or (d) by querying experte, referring to the knowledge of experts in a
given domain such as teachers.

Once the skills required in a certain domain arindd, in a second step, perequisite
relation in the sense of KST has to be established amongskitis. This means, it has to be
determined which of the skills are necessarilyexrgmuisite for acquiring another skill. Again, this
might be lead (a) by the logical structure of skil(b) theoretically, e.g. lead by existing
psychological, pedagogical, or didactic theoriey, dmpirically, e.g. as the result of empirical
investigations of knowledge states of learnersiféérént ages and levels of knowledge, or (d) by
guerying experts, i.e. referring to the knowledge of espgara given domain such as teachers.

An example is shown in the upward drawing Kassegraph) of Figure 5. Table 1 equivalently
displays the same prerequisite relation as binatyira This matrix can be seen as a computable or
computer-understandable representation of the quesiée relation and thus of the domain’s

Figure 5.Upward drawing illustrating a prerequisite relaseamong a set of skills {al, a2, a3, b, ¢, d1gd2,g, h, I,
j}. Please note that the lower of two connectediskidicates a prerequisite for the upper one.sTkas an example,
skill a2 is a necessary prerequisite for skill d,ahus, also for h, i, and j.

Table 1.Prerequisite relation displayed as binary matrix.

al a2 a3 b ¢ (1‘ g e f g h i ]
al | 1 0 0 1 0 0 0 o0 0o o 1 1
a2z | O 1 0 1 1 0 0O 0 0O o0 1 1
a3 | 0 0 1 0 1 o0 0O 0 0O o0 1 1
b 0 0 0O 1 0 O 0O 0 0O O 1 1 1
c 0 0 0O 0 1 0 0O 0 0O O 1 1 1
? 0 0 0 o0 o0 1 o 1 1 1 1 1 1




g 0 0 0 0 0 0 11 1 1 1 1 1
e 0 0 0 0 0 © o 1 1 1 1 1 1
f 0 0 0O 0 0O ©O o 0 1 0 1 1
g 0 0 0O 0 O ©° o o0 o0 1 1 1 1
h 0 0 0O 0 0 © o o0 O o0 1 1 1
i 0 0 0 0 0 © 0 0 0O 0O 0 1
j 0 0 0O 0 0 ©O 0O 0 0O O 0 oO

Note. The cell value 1 denotes that the competéneyrow is a prerequisite for the
competency in the related column. Vice versa, & walue O denotes that the
competency in a row is not a prerequisite for a pet@ncy in the related column.
For example, competency b in row 4 is a prereauifgsit competency h in column
11.

structure. If the prerequisite relation is estdids, we can compute the relatedmpetence
structure The competence structure denotes all competendes,stavhich are possible and
meaningful with respect to the prerequisite refatitf we assume that skills a2 and a3 are
prerequisites for skill ¢, competence states, whiciude skill ¢ but not all of its prerequisites, in
this example a2 and a3, are not possible or meaningful;safitemn a deterministic perspective.

This procedure allows us to reduce the number abipte competence states. Without
prerequisite relation, 13 skills establish a corapeé structure, which includes 8192 competence
states, i.e. the power set of all skills'}2 The proposed prerequisite relation establishes a
competence structure, which includes only 108 ptessidobmpetence states. The resulting
competence structure is displayed in Figure 6.

The competence structure defines possible and ngfahitompetence states and it allows
to model possible and meaningful learning pathsn@jor advantage is that CPA allows multiple,
individual, not necessarily linear learning patfitis offers a sound model of learning content
which establishes the very basis for game desigmedisas learning design. On the side of learning
design, CPA allows to continuously develop skilisl@ompetencies in a structured manner. On the
side of game design, branched storylines for iotar@, personalized storytelling can be realized,
characterized by multiple paths to proceed throtinghgame play and game environment (Figure
5). The competence structure (at least in this el@nglso establishes certain bottlenecks, each
learner / gamer has to pass. In the terms of gday guch competence states might be realized,
for instance, as starting points of new game levEisis, the nature of competence structures as a
formal representation of human skills or competengiea given domain is quite similar to the
storytelling and action design of typical compuigames. Thus, CPA offers a method to
meaningfully join learning and gaming design.



Figure 6.Competence structure established by the prereguéddtion (shown in
Figure 5) among a set of skills. Each of arrowthamagnified image denote a valid
learning step, consequently, learning progressodated by valid learning paths.

Besides the cognitive components of competence olewveint, for the aims of ELEKTRA
restrictions by the curricula and pedagogical tlesomust be considered. Pedagogical theories
might restrict the prerequisite relation in a wagttit might be pedagogically important to teach
specific skills prior to others. These restrictignievoke an altered prerequisite relation (disptiaye
in Figure 7, left panel) and consequently an alterempetence structure (displayed in Figure 7,
right panel). Alteration, however, can only be iempkented, as far as they do not violate the
assumptions of the initial prerequisite relation.r Fastance, an alteration cannot lead to a
constellation within which skill ¢ is taught prito skill a2. In this example, the number of possibl
competence states is reduced to 21 out of 8192.

So far, we focused on latent unobservable skhiss¢é must be mapped to observable performance.
CPA therefore provides representation and interpogtdunctions or in the terminology of [29]
skill and problem functions.

The problem function assigns the problems (e . items) of each learning situation to
each competence state, within which they can be emekt Vice versa, the problem function
assigns the competence states to the problems lofleaning situation, within which they can be
mastered. These functions strongly depend on thmeegastorytelling and the realization of
learning situations and its assessments. Thesdidoscdo not require a one-to-one mapping,
hence, in the game scenario, there might be learning sitsatiat include more than one skill.

The skill and problem functions can be seen asngrface between the competence
structure and the game design. A major advantagkese functions is that a change in the game
design (i.e., the design of learning or assessraetivities) does not require to change the
underlying competence structure but only to edit the problednskill functions.



To give a simple example, ELEKTRA'’s scenario mightliude four learning units (Al to
A4) including related learning situations and pesb$ (e.g. assessment tasks or test items. Possibly
resulting problem and skill Functions are shown in Table 2.

Figure 7.Altered prerequisite relation (left panel) and thsulting competence structure (right panel).

Table 2.Problem and skill functions.

Problem Function

competence state Problem

{al,a2,a3,b,c} Al
{al,a2,a3,b,c,d1,d2,e,f,g} Al, A2
{al,a2,a3,b,c,d1,d2,e,f,g,h,ij} Al, A2, A3, A4

Skill Function

Problem competence state

Al {al,a2,a3,b,c}

A2 {al,a2,a3,b,c,d1,d2,e,f,g}

A3 {al,a2,a3,b,c,d1,d2,e,f,g,h,i,j}
A4 {al,a2,a3,b,c,d1,d2,e,f,g,h,ij}

Note. Please note that for the problem functiory dhese competence states are listed,
within which a further problem can be accomplishEdr the skill function only these
competence states are listed which are the sta¢snclude the smallest number possible
to accomplish a learning situation.



2.2.3. Game design

ELEKTRA'’s 3D world will be the visual representatiof the learning environment. It will support
the learner in the visualization of the knowledgace of a learning topic as part of a highly
interactive virtual landscape. For the ELEKTRA destoator a single-user adventure game will be
realized covering an immersive storyline. This gadesnonstrator, as commercial games, will
include
€ Storytelling situations that are realized as cut-scengsgame storytelling explaining
the main goal of the game, as well as tasks and challenggsid®the course of the
game, the background story and the progress of the story,
€ tutorials to make learners familiar with game concepts @aedrivey game literacy
€ gaming situations which primarily aim for impelling thergtme and retaining
motivation and interest,
€ learning situations which primarily focus on providing ealional content and
impartation of knowledge, and
€ assessment situations within which the current knowletigdearner will be measured.
The educational contents of the demonstrator vallec the domain of optics, and as part of this
domain, particularly the topic “eclipse”. Informati about eclipses will be packed into an
immersive and naturalistic 3D environment (FigujeaBd, more importantly, into a meaningful
and exciting story. Also assessments will be aegral part of the game. As an example, learning
success will be measured by observing the learrahilty to solve certain riddles and tasks.
Learning and assessment situations are equivalemtlye different stations in the campaign of a
typical adventure game and can represent botheritg@l (in form of problems that have to be
solved) and knowledge (that is necessary to sdieeproblems). The target group of the game
demonstrator will be student at the age of 14 to 15 years.
From a technical perspective, the ELEKTRA demomstravill be based on the Nebula2
game engine (www.radonlabs.de/nebula.html) whidiustes a rendering engine, a game logic
engine, a physics engine, and a scripting engingh&rmore, interfaces between game engine and

Figure 8.Example sketches of ELEKTRA's storyboard.

adaptive and learning engines will be establisfiéad: latter are responsible for implementing the
rules and mechanisms of CPA to the game.

Computer games are quite complex pieces of softimatading a vast amount of menus,
functionalities, objects, maps, and so on. Many roencial and educational games lack of usable
interfaces, interaction methods, and game funclityndailing in providing pleasant and relaxed



gaming experiences. For some reasons usabilityneagng has not gained the extent of popularity
yet it has gained in software and web developm@atasutra for example, found a number of
serious usability problems in a prototypical stybstp://www.gamasutra.com/features/20050623/
laitinen_01.shtml, retrieved August 24, 2006). Ulsgh however, is crucially important for games
[61][62]: (a) Interactive experiences are the fgsaint of games and users are very sensitive to
obstructions in this interaction. Because playiegegally is purely voluntary, usability problems
are a serious risk for a game’s success. (b) Thekenhaof computer games is extremely
competitive; if one game fails in providing fluenhda pleasant interactions, e.g. handling the
inventory of an adventure game, gamers can ingtahtbose another, equivalent game from the
rich offers. Thus, usability engineering is obvilyusiore important for the game genre than for
other software categories; there are for example not tog operating systems to choose from.

When aiming for a “voluntary learning” with a gameability and user-experience are even
more important factors. Consequently, ELEKTRA w#llyr on well established principles and
guidelines for usability engineering (see [38][48f)d will apply usability engineering during the
development process and in the framework of commpshe evaluations of the game
demonstrator. Because ELEKTRA aims to be used ialsdassrooms or related to classroom
activities, usability engineering will also addressjuirements of learners with special needs (cf.
[39)).

2.3. ELEKTRA's architecture

The very basis of the ELEKTRA methodology as wellthe game demonstrator is to establish
learning objectives for the game. For the ELEKRT&mbnstrator we selected the domain of
“eclipse”. This topic primarily covers physics edtion at the age of 14+. The learning objectives
are extracted from the national curricula of Betgju-rance, and Germany; ELEKTRA thereby

covers the union set of these three curricula.rtfeioto realize a game intelligence, as described
above, this static information have to be storedrtiermore, dynamic information about the

learner, its preferences and knowledge must be stored amduoasly updated.

2.3.1. The ontology

The “database” for relevant information used by tlaeng demonstrator will be based on an
ontology. An ontology in computer science is a datadel to represent entities of a domain and
relations among them. An ontology includes conceptslasses which are generic terms, e.g.
learning objects or test items, and it includesainses or individuals related to a set of concepts,
e.g. a specific test item. The entities of an omgploan be described with attributes. Each attribute
has a name, a certain data type, and one or mduesyae.g. attribute "language“ and value
"English". Attributes, moreover, serve to estabhslations among entities. For example, a relation
might be "A is part of B". The prerequisite relatimtroduced in this article can be modelled irs thi
way. Thus, a skill (on the latent level) or a leagnobject / test item (on the performance level)
may have an attribute “is prerequisite of‘. Ontoésg establish a formalized and computable
representation of a domain and the related entiEnerally, this is accomplished with XML
metadata. A typical standard is OWL (ontology web languatpdh is used in ELEKTRA.

The preliminary structure of ELEKTRA’s ontology shown in Figure 9. Its major concept is the
“learner”, emphasizing the learner-centric approatfELEKTRA. The domain of knowledge is



Figure 9 The preliminary structure of the ontology useddstabase” for static and dynamic information.

modeled in form of propositions. Equal to concepps) propositions are established by to
concepts, an object and a subject which are coaddoteach other by any kind of relation. As an
example, a proposition might be [Sun — is a — sfar] the basis of a complete set of propositions
of the domain, skills can be deduced and refinezbimbination with depth information (this refers
to the taxonomy of Bloom [12]and related actionb&r Thus, not only detailed skills can be
deduced but also learning objectives can be defimdétail, e.g. “to define a star”.

As demonstrated in Figure 5, within the ontologgrpguisite relation among the skills can be
established and combined with pedagogical impliostite.g., defined by the learning modality).
This might refer to the 8LEM but also to didactisalategies such as problem-based learning or
factual learning approaches. As described abovéarsskills are on a latent, unobservable level.
According to CPA, the ontology allows us to relatset of learning situations of the game and also
a set of assessment situations to skills and spesfts of skills. Thus, we can model problem and
skill functions (cf. Table 2). Finally, the ontolpa@llows us to model and store further learner
information, e.g., motivational states or learnitgles, in order to provide a suitable database for
making the game adaptively and adequately react to ceztaimelr requirements.

As mentioned, in contrast to traditional CPA a@guites, the ontology-based approach
allows to model pedagogical implications, for exémpmplications by 8LEM or didactic
strategies. The lines in Figures 5 and 6 indicagning by accomplishing specific learning
situations. These “transitions” are based on purebnitive modeling of the domain. However, this
cognitive theory does not make any advice of how arning activity must be designed or
presented in the game. The selection of an ap@tepiearning activity for the transitions
(represented by the upwards directed lines in thgrdm) has to be grounded on pedagogical
principles. Figure 10 demonstrates the performatrceture derived from the sample interpretation
and representation functions of Table 2. One or nieaening situations may lead from one
performance state (meaning a learner / gamer B8 @bimaster a specific task or assessment;
indicated by symbols Al to A4) to another, supedoe. This is indicated in Figure 10 by eight
lines connecting the performance states. Bold lindgate that not necessarily all of the eight
learning events must be realized as a learningtgituan the game. Additionally, the ontology



allows us to adaptively refer to certain learningths according to the needs of learners or
instructional designers and educators.

Besides selecting appropriate learning or teachimgthods (i.e., learning situations)
pedagogical implications might also influence tledestion of appropriate learning paths. The
magnified area in Figure 6, for example, displaigghepossible learning paths; for pedagogical
implications in interaction with individual preferees only some of these learning paths might be
appropriate. The ontology allows referring to aadaésis to adaptively react to such implications
on a larger scale.

Figure 10. Performance structure established byptablem and skill functions of Table 2.
The progress from ongerformance state to another is realized by omease learning
situations which are determined by 8LEM.

2.3.2. Adaptivity

Games generally react on user actions; for exanagien a gamer fails in a certain task s/he might
lose energy or power. An educational game must reaaiser actions related to learning in the
same manner. This, however, is not a trivial task.

Systems that attempt to adapt to a learner's competen performance state are well-
established in traditional forms of eLearning. Gallg, these systems are used to tailor learners’
views of learning objects to their personal requieats. Such technologies are often incorporated
to guide through a large body of learning objessisting learners in their comprehension of that
material. For example, an adaptive system may prdyide learning objects which are suitable for
the learner. Too difficult and also too easy leagrobjects might not be displayed in order to avoid
visual and cognitive load and to suggest an appropriat@nggoath through the learning content.

Existing adaptive eLearning systems such as ALEKS8w.aleks.com) or ELM-ART [82]
demonstrated benefits for learners in terms of gating through contents [14] and in terms of
classroom and platform independence [13]. Generdlgse adaptive approaches attempt to
compete the one-fits-all approach of traditional @&bég accounting for certain requirements and
preferences of a learner. Primarily, such approagirevide adaptive navigation and adaptive
presentation of contents [4][5][20]. Adaptive naatign, as already mentioned, refers to guidance
through learning objects by, for example, a custaahihyperlink structure or format. The degree of



freedom granted within a system is determined Ispecific underlying learner model. Adaptive
presentation refers to a customized presentatioleashing objects. On the one hand this might
concern the visual or auditory design; on the otteard this might concern the amount or grade of
details of presented learning contents.

In ELEKTRA, adaptivity regarding the learner’s kviedge will be realized by providing
appropriate learning situations for a learner’s enrcompetence state. This means, a learner will
be provided with learning situations and learnirghg within the game environment that are not
too easy or too difficult. This assures that meghuhand efficient learning is possible and, on the
other hand, this assures an appropriate balanaeebetchallenge and skill in order to retain
motivation and engagement. Thus, the game requires adegsatsment situations.

In the scope of the game, there are three typassdssment: (a) An initial assessment of a
learner's competence state before starting the gdb)ea continuous assessment of learning
progress, and (c) a final assessment measuringvirall learning success, for game levels and for
the entire game.

For the initial assessment we will provide adaptgsessment algorithms, which are able to
reduce the number of test items to determine adear/ gamers competence state. Generally, the
exact assessment of a competence state requiresdstest items as competencies. Referring to
the competence structure, CPA allows concluding froastering or failing in a certain test item,
which test items can be skipped. In the game, rthiali assessment might be realized as a tutorial
level, which is common in many games.

Crucially important for the game process is a icmus assessment of learning success,
because learning success (meaning the acquisitionnopetencies) determines the way in which
learning situations can be realized for the learAecording to CPA, no learning objects shall be
presented to the learner, which require skills fesson does not already have. In the game this
might be realized by certain tasks, which must bmmplished to make headway in the game's
story.

The final assessment might be covered by the sasks; since the CPA-based storytelling
will be designed that new levels or the end of gaene can only be reached when all necessary
competencies are learned. Additionally, we havedwosider forgetting, especially when factual
learning is involved or the prerequisite relation altered by pedagogical and storytelling
constraints, which might lead to relations whick aot based on logical cognitive prerequisites.
Thus, at the end of levels or the entire game, ighinbe useful to realize comprehensive
assessments. As for the initial assessment sucleguoes might be based on adaptive assessment
algorithms.

To realize the assessment, the game engine wilbbeected to a so-called adaptive engine
and a learning engine, which implement the rule€®A and make suggestions for the progress in
the game. Thus, adaptive and learning engines eanelwed as interface between the game itself
and the information stored in the ontology.

Because ELETRA will not only be adaptive regardikigowledge but also regarding
motivational states, learning styles, or didactisthtegies, the same approach can be used to
provide adaptivity in this regard (cf. [43]). Thumssessment will involve meta-cognitive judgment
on the answer the learner provides. We will providen reflection tools based on the meta-
cognitive information they give with their judgmentto improve their cognitive and meta-
cognitive performances. But we will also link treeflback to the learning strategies they have used
through the game in resolving the problems andlehgés. Progress in learning will be more
precise for it and will be more detailed in termsgyadnularity. For instance, an answer can still be
wrong in a following test but if the answer is asated with a lower confidence degree we have
guantitative data proving the progress. The sanrésfor a correct answer with a low confidence
degree in which progress still can be made by asing the confidence degree in that correct



answer. As

De Finetti [22] stated: "Partial information exis®o detect it is necessary and feasible (p. 1199).
is only subjective probability that can give anesftjve meaning to every response and scoring
method (p. 111)".

3. Research questions and evaluation

As mentioned, currently there are a number of ggsearch questions. Van Eck [79] pointed out
that research must clarify why educational gamese#iextive and give practical guidelines how
game-based learning can be implemented successfullgr to maximize learning potential.
Moreover, he emphasizes the importance to investigat only how educational games work, but
also how different types of games work and how g&menomies relate to learning taxonomies.
It's clear that not all types of games work equaligll for each learning objective. For example,
simple card games might be adequate for patterngnéioan or the matching of concepts,
adventure games, on the other hand, likely be adedar promoting hypothesis testing or problem
solving.

Moreover, ELEKTRA’s achievement of the generalealives - the production of the
demonstrator and methodology - will be measurecenmpirical evaluations carried out with
learners as they are actively engaged in usingetHEEKTRA demonstrator in classrooms, single
user tests and laboratory studies, ensuring anrepevaluation of the effectiveness of this
demonstrator. The formal cognitive modeling requirdsriving parameters that explicitly
characterize the educational efficiency and efiectess not only at a global level (e.g. for
evaluating the employed teaching method), but atsa highly specific level (charactering, for
example, single learning objects, or learning activities)

These aims for research and evaluation / validasice realized as an interdisciplinary
process, combining research of cognitive sciencaraseience, pedagogy, and game research.
From a cognitive perspective, major research gmesticoncern the validation of the domain
structure or the implications of instructional dgsbn learning and performance. Neuroscience will
contribute sophisticated methods such as evenecel8MRI (functional magnetic resonance
imaging), which allows identifying brain activitglated to the recognition and encoding of events,
such as words, faces, or objects and the retrie&rain representations of these events from
memory. Research paradigms enabling a reliable meaging of “insight” during learning are still
lacking. This is why the ELEKTRA-evaluation scewariwill concentrate on facts, not on
“insight”. From the perspective of pedagogy, impattresearch questions concern the impact of
method diversification on learning or meta-cogmitid=inally from the perspective of game
research and game design, important questions @nretbh merge adequate game design and
didactical design (cf. [79]) or what are the mecdbas to achieve immersive visuals and
storytelling by retain pedagogical demands.

4. Conclusion

The ELEKTRA project has highly ambitious and visaoyn aims to make a significant contribution
to the evolution of digital game-based learningcdnsideration of the vast amount of gaming in all
cultures, the enormous intrinsic motivation of gajaesl the fact the gaming is one of the most
natural and effective forms of learning, this i®stimable and important aim, especially for an
information and knowledge society which assetspam@arily based on knowledge, competence,
and know-how.



The problems with most current game-based leamg@ipgrted in the literature are manifold.
The costs of developing high quality games are g, games which tend to be educational and
engaging often tend to privilege engaging game efgsnover pedagogical demands, or vice versa.
Generally educational games fail to be related dbosl curricula or to provide appropriate
assessment. Cynically, Seymour Papert [64] termegtoblems in merging state-of-the-art game
design with educational demands “Shavian reversadaning that the offspring inherits the worst
of both parents (educational design and game design).

Figure 11 A proposal for the design process for educatigaates.

The ELEKTRA project aims for addressing these mofd and to establish a methodology
for state-of-the-art educational game design angrtivide the related technology. Figure 11
summarizes ELEKTRA’s methodological approach toigtessducational games. To align an
educational game with curricula and contents, finsh step existing national curricula for a given
learning topic must be identified and analyzed. @is basis learning objects can be defined in
detailed referring to pedagogical models and tardes (e.g., 8LEM or Bloom’s taxonomy).
Moreover, learning topic and curriculum determiriee tgame genre and, subsequently, the
background story which covers the educational aimmVVAn Eck [79] pointed out, not all types of
games are suitable for each educational aim aisdam important question to clarify which game
types are suitable for which learning topic. Inexinstep an ontology of the knowledge domain
must be established, including skills in a suffitherfine granularity and prerequisite relations
among these skills. Third, learning and assesswsigrdtions must be developed according to the
learning objectives and the game genre. This tagktnbe the most difficult one since it requires
creativity and fantasy. Finally, story telling agdme design must meld these components into a
immersive and motivating game.

Relying on the body of research on digital gamestidearning, computer games have the
potential to foster learning and to offer new arah perspectives and experiences. Despite the
disadvantages and problems of existing educatigaaies, we believe that games hold out the
prospect of melding gaming for learning and gamimigfun to a much broader and successful



extent. We are optimistic that ELEKTRA can makeigni§icant contribution to the enthralling
future of game-based learning.
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