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Executive summary

C2Learn at a glance

ClLearn (www.c2learn.eu) is a thrgear research project supported by the European
Commission through the Seventh Framework Programme (FP7), in the theme of Information
and Communicatins Technologies (ICT) and particularly in the area of TechnBluggnced
Learning (TEL) (FP7 grant agreement no 318480). The project start€dNmvember 2012

with the aim to shed new light on, and propose and test concrete ways in which our current
understanding of creativity in education and creative thinking, on the one hand, and
technologyenhanced learning tools and digital games, on the other hand, can be fruitfully
combined to provide young learners and their teachers with innovative opporésnior
creative learning. The project designs an innovative digital gaming and social networking
environment incorporating diverse computational tools, the use of which can foster co
creativity in learning processes in the context of both formal and in&breducational
settings. The Learn environment is envisioned as an oge N R Wa | 4hBad)2 E Q
virtual space enabling learners to freely explore ideas, concepts, and the shared knowledge
available on the semantic web and the communities that thesyart of. This innovation is
co-designed, implemented and tested in systematic interaction and exchange with
stakeholders following participatory design and participative evaluation principles. This
happens in and around school communities coverdn@ganer age spectrum from 124
years.

About this document

This document outlines some of the potential game design scenarios for the C2Learn
project. It also covers related work in the areas of mixed initiative procedural content
generation (PCG), eweatvity, and creativity metricavhich are directly linked to the
C2Learn objectives of aweation through gamesThe document alsoutlinesthe current

state of an initial character cecreation prototype tool thatis aligned withthe goals of
C2Learn and #hproposedgame desigsystem.

The game design scenarios are basedthe C2Learn theoretical framework deliverable
D2.1.1, the education scenarios deliverable D5.1.1 and are, in part, affected by
advancementsn learning desigiof deliverable D2.4. The game design sketches proposed

are built aound the main concept of a system that allows students to make creative
artefacts using a suite of tools that have playful interfaces and make novel suggestions,
supporting elements of lateral thinking as desedbin the C2Learn theor§D2.1.1). These
artefacts are then used as playing pieces in games based on standard game design patterns.
The play of these games creates an opportunity for reflection on the curriculum, enabling
living dialogic spaces.

Also desdbed is a scenario dfow analternate reality game (ARG) can support classroom
practice in enabling living dialogic spaces and journeys of becoming. In addition, an attempt
is made to linkhe concept of journeys of becoming to the C2Learn theory withidea of a
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progression game where the student solves a series of puzzles enabling different forms of
lateral thinking.

1 Introduction

The role of the game in the C2Learn project is to contribute to classroom experiences
related to creativity. Teachers willebpresented witheducational scenari® that include
multiple activities: readings, videos, participatory exercises, etc. The C2Learn game will be
integrated into some of these scenarios where appropriate.

To better understand where it would be appropriat® include a game in the classroom
experience, we have studieahd built uponthe educational scenar® provided bythe OU,
EA, and BMUKRgartners of C2Learn (i.e. Deliverables 5.1.1 andlp.Zhe system we are
proposing is intended to be general enouth support multiple scenarios with minimal
effort from the teacher.

Section 2 of this document covers previous work related to the game design and-mixed
initiative procedural content generation aspects of C2Learduding background on
computational creavity and patterns for creativity in gameSection 3 coverhe potential
game design scenarigwoposed at this phase of the C2Learn projeBection 4 covers
educational scenar® describing how a game can be integrated with curriculum examples.
Lastly sction 5 covers th@arrowing of the game design space.

2 RELATED WORK

Previous workthat the C2Learngame desigrbuilds onfalls into three broad categories:
computatioral creativity, procedural content generatideCG)and game design patternin

the computational creativity section we discuss previous work on using computers as tools
to generate creative artefacts, including metrics for evaluating the creativity of a generated
artefact.In the PCG section, we discuss approaches to the creation of gament through
algorithmic methods. This includes mixitiative content generativesystems, where the
computationally creativesystem supports auser/designer by making suggestions and
maintaining constraintsthereby enabling a coreative processThe game design patterns
section details common patterns in digital and analogue games that enable creative play.

2.1 COMPUTATIONAL CRBATY

This section provides a background on computational creativity (CC), in general, and CC in
games and then proposes genal measures of machine creativity derived from information
theory that can be used by the C2Learn games for assessing levels of human creativity in a
co-creation (mixednitiative) process.

Evolutionary art projects have been using computers to spurdmngreativity, which leads

G2 GKS jdSadArzy 4OFy | O2YLIzISNI AGaStF 068 ON
computational creativity, and approaches to achieving it have been divided into those

deriving it from the process of human creative design (Gd©®97) and those using
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computational techniques unrelated to human cognition (Neural Networks, Genetic
Algorithms) to guide the development of a computational creative process.

Regardless of the approach, Boden (2003) distinguishes between three tiypesativity:
combinatorial, exploratory and transformational. She argues that computers (and artificial
evolution) are better suited for exploratory creativity, which revolves around traversing a
computationally defined search space. On the other handnlbioatorial creativity which
revolves around the combination of different elements (words, mathematical operators or
programming commands) is easily accomplished by a computer but due to the vast range of
possible combinations, most of them are uninteragti For that reason Boden (2003)
establishes that computational creativity does not only require the generated content to be
novel, but also valuable (i.e. usefy)in that regard, most combinations produced by a
computer fulfil only the novelty requirenm of creativity. Transformational creativity
focuses around the transformation of a pegisting conceptual space, dropping one or more

of its defining rules: for that reason, it is widely believed that transformational creativity is
the most challengingelement of computational creativity. Newell et al. (1963) have
identified four criteria for a solution to be creative: 1) The answer has novelty and usefulness
(either for the individual or society); 2) The answer demands that we reject ideas we had
previously accepted; 3) The answer results from intense motivation and persistence; 4) The
answer comes from clarifying a problem that was originally vague.

Evaluating commonly used procedural content generation (PCG) algorithms based on the
G ONB I (i A @ Skillliapldfetizgidh &nd Arkgination (Colton, 2008), a case could be made
that most existing algorithms possess only skill. Human game content designers (level
designers, 3D artists, sound designers etc.) on the other hand possess both appreciation and
imagination, but given the content bottleneck do not possess sufficient skill to produce the
required volumes of content.

Procedurally generated art can probably be traced back to the first visual outpstreen;
however, the more relevant term evolutionaart has been used to describe the application

of genetic algorithms (or genetic programming) to aesthetic design. Kickstarted by the works
of Sims (1991) and Todd and Latham (1994) in the 1990s on the evolution of surprisingly
complex 2D images and sctulpes respectively, artists and researchers alike have explored
the possibilities of artificial evolution in many different artistic domains, using diverse
techniques for representation and evolution. As the starting point of evolutionary art, 2D
images hae been a favourite among researchers, with different approaches including
mathematical expressions (Unemi, 1999; Sims, 1994), fractal systems (Lutton et al., 2003),
neural networks (Lund et al., 1995), and image processing filters (Poli, 1997). 2D lshapes
also been evolved to morph cartoon faces (Lewis, 2000) or to create abstract alphabets by
breeding different font types (Schmitz, 2004). Extended work has also been made in the
realm of 3D objects: either with evolvedsistems and other grammdnrasedtechniques or

the combination of primitives, 3D models representing from sculptures (Rowland and
Biocca, 2000) to furniture design (Hornby, 2004) and architecture (Gero and Kazakov, 1996)
have been procedurally generated.
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There are quite a few significadifferences in the approach of evolutionary art and other
applications of artificial evolution (including seaftchsed computational creativity). While
genetic algorithms have been acknowledged for their ability to handle difficult numerical
optimization problems, evolutionary art rarely concerns itself with the optimization of a
fithess value. The majority of evolutionary art projects prefer to use evolution without an
ulterior goal (at least not a quantifiable one): such projects often prefer novediynian

and Stanley, 2011) over subtle changes. This is one of the reasons why the majority of
evolutionary art projects require a human user to guide the evolution by choasoften
directlyc the members of the population that will breed to create a negngrationc e.g.

see thePicBreedeproject (Secretan et al., 20)18r the Petalzproject (Risi et al. 2013). The
other significant reason for the rise of interactive evolution is the difficulty in evaluating
beauty with the use of heuristics: since ars expression of personal taste and aesthetics,
humans are much better suited to decide which art pieces (be they sculptures, images or
text) are appealing to them.

¢CKS ljdztr yGATFTAOLIGAZ2Y 2F | SAGKSGAO Ot dzS¢ (GKIF(G g2
FYR F2NE KdzYkyaé¢ 6alO/ 2N¥YIFO1Z HnnyOd KFa 2yfeé NB
(Machado et al., 20083 the problems of aesthetic evaluation have been highlighted by

McCormack (2008), and the creation of artistic filters is broadly recogragedn open

research problem.

‘2.1.1 METRICEOR COMPUTATIONBREATIVITY

Given the above volume of work in the area of computational creativity we herein proposed
a number of computational metrics that systemcan use to asses and measure aspects of
computationd creativity during a mixeghitiative (i.e. playegame) cecreation process.
While these could also be used as objective measures for creativity for human evaluation,
they are intended to provide the system with objective, deterministic evaluatidhssis
unrelated to C2Learn's eweativity assessment methodology, which will be defined in
D2.3.1.

The measures of creativity herein proposed are inspired from and built upon theories on
computational creativity (Boden, 2003) and backed with the theoretcal concepts of
Deliverable2.1.1

Novelty is defined as the deviation from existing knowledge/patterns/experience. In the
context of a cecreation process, novelty measures the deviation of a piece of content from
earlier experienced or seen content. Wty is usually measured in terms of a difference
metric between what has been generated or seen and the given piece of content. As an
example from visual arts, the novelty of an image is measured as the Euclidian distance from
the existing images geneed by the computational system (or the human creators).
Novelty is a generally accepted metric of (aspects of) creativity within the area of
computational creativity e.g. see work of (Boden, 2003) and (Gero, 1996) among many and
an obvious candidate fomeasuring elements of creativity within the humareated
content in collaboration with the computational creator.
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Novelty has been used as a measure for judging creativity (Liapis, 2013a, b, c¢) but also as a
heuristic for driving the generation of novettefacts in exploratory creativity (Boden, 2003)
¢ also known as novelty search (Lehman and Stanley, 2011).

Impressivenesds a measure introduced by Lehman and Stanley (2012) composed by two

key elements: rarity and recreation effort. According to Lehnmamd Stanley (2012)
impressiveness allows the observer to recognize how much effort is required to perform the

action and there is a fundamental asymmetry between recognizing and performing as it is
magnitudes easier to appreciate a beautiful artefact thinis to create one. Most

importantly for the definition of impressiveness within the C2Learn aims, a generated

artefact or game content will have recognizable properties (making it recognizable) which

FNBE y20 200A2dza K2g G2 oo GeNEihed Sstihe diffiaity ofa A Y LINS a
recreating an easiiB O2 Ay AT SR LINE LiSNdag an@ Stanleyy20I12)NIi ST O £

Rarity as introduced by Lehman and Stanley (2012) is a measure that is closely linked to
y2@Stae odzi AG aOl ylpdcKets®df adafge Seardrgpace hyich @& NE & Y |
Ffta2 0SS RAFFAOdAA G (2 | OKASGSdé C2NJ SEFYLX Sz 2
which suggests that this ability might feature some impressive properties. In the context of

the C2Learn rarity metricsan be designed to evaluate for the rarity of generated content in

similar fashion as introduced in (Lehman and Stanley, 2012) for the rarity of images.

The second heuristic of impressiveness implies that the more effort is required by a baseline
(optimizaion) algorithm to regenerate (or recreate) a given artefact /creation the more
impressive that artefact is. That implies that properties of the artefact can be measured on a
continuum (Lehman and Stanley, 2012). Taereation effort combined with (or pposed

to) rarity provide interesting alternatives for measuring aspects of human creativity via
computational means during the interaction with the C2Learn game.

The generated content of the emreation process has tealuable Under a game context

that naturally means that whatever is created can be usable within a game or simply
playable. Under an algorithmic perspective the content has to be within particular
constraints set by the game itself (i.e. by its designers). Combined with novelty, value can
cadlectively characterise a creative output (Boden, 2003).

The notion of value is constrained by the level of affordances given by the game design. The
more the game progresses, naturally, the more pressuring the constraints become and, in
turn, the more crative the solution has to be to satisfy increasingly complex constraints.
Realising the theoretical concepts discussed il the C2Learn games will feature a
dynamic value system in which the human (and the computational) creator have to provide
solutions to an evecomplex problem. In addition the computational creator suggests
solutions which are orthogonal to the creation patterns of the player resulting in novel,
nevertheless valuable (i.e. within constraints) answers.

The element okurpriseusually comes as a third critical element for an output (artefact) to
be considered creative. In addition to novelty and value, surprise offers a temporal
dimension to unexpectedness. Surprise, being an emotional construct, however, can be
expressed by humans bit cannot be trivially represented computationally. One way of
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representing surprise as the deviation from the expected is for one to construct a temporal
predictive model of forthcoming creations and measure the deviation of each of the
generated creatins from the predictive model. The higher the deviation the higher the
perceived surprise it creates to human (and potentially computational) creators (Maher et
al., 2013). Models of surprise might be considered in C2Learn games to measure the
temporal devation from expected solutions/creations.

The notion ofartificial curiosity introduced by Schmidhuber (2006; 2007) may provide a set

of creativity metrics which are linked to the aforementioned measures. Schmidhuber (2006;

2007) advances an ambitious aimfluential theory of beauty, interestingness and creativity

that arguably holds explanatory power at least under certain circumstances. Though the

theory is couched in computational terms, it is meant to be applicable to humans and other
animalsaswell@ I NOAFTAOAIf F3Syidad Ly { OKYARKdzo SNRa i
agent A is one that can successfully be compressed to much smaller description length by

GKFG F3SyidiQa O2YLINBaaiAzy FEIA2NAIGKYD I26SOSNE
gets bored by environments it can compress very well and cannot learn to compress better,

and also by those it cannot compress at all. Interesting environments for A are those which A

can compress to some extent but where there is potential to improeectimpression ratio,

or in other words potential for A to learn about this type of environment.

This can be illustrated by tastes in reading: beginning readers like to read linguistically and
thematically simple texts, but such texts are seen by advahtBd- RSNE & G LINBRAOG I
compressible), and the curious advanced readers therefore seek out more complex texts. In

{ OKYARKdzo SNRA& FNIYSE2N]l > ONBIFGAGBS AYRADARdzZ f &
curious agents: they seek to pose thenvas problems that are on the verge of what they

can solve, learning as much as possible in the process. It is interesting to note the close links
between this idea and the theory of flow (Csikszentmihalyi, 1996) but also theories of

learning in children (yotsky et al., 1987) and ganpéayers (Koster and Wright, 2004).

2.2 PROCEDURAL CONTERNERATION IN GAMES

Since the 1980s, procedurally generated game content has often been used by the game
industry in order to create an engaging but unpredictable gamesg&pce. As game titles
continue to increase in complexity and scope, the lakiotensive design and production of
game content by hand inflates both development time and cost; not only does the
generation of content by algorithmic means circumvent tliatent bottleneck, it allows for
faster design iterations, increases design efforts and pushes the limits of human creativity.
Recent academic interest has further pushed towards personalization of procedurally
generated content based on player preferenceBrom a computational creativity
perspective, while the procedural generation of content can be classified as artefact
generation, the generative algorithms are rarely classified as creative.

The game industry has often relied on the procedural generatibgame content during
Lt FedAYS G2 SyKFyOS GKS dzySELISOGSRySaa 2F GKS
replayability value. From early games suchRague(M. Toy and G. Wichman, 1980) and

Elite (Acornsoft, 1984) to contemporary titles such @srchlight 2 (Runic, 2012) and
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Civilization V(Firaxis, 2010), game world and level creation has been the principal

application of procedural content generation (PCG); other applications include the creation

of enemies as iDarkspore(Maxis, 2011) and weaps as irBorderlandgGearbox, 2009).

Although academic interest in PCG is relatively new, the majority of PCG researchers
challenge the mostly random generative algorithms used in the game industry. Whether

generating platformer levels, mazes, board gameacing tracks, weapons or spaceships,

Y240 LINRP2SOGa 6AGKAY FOFRSYALF FGdSYLI G2 O2yil
constraints, objective functions and predicted or reported player experience. In the domain

of computeraided level designhte most promising results have been accomplished through

constraint solvers, where the constraints are explicitly described by the designer.

2.2.1 COCREATION

The word cecreation has different connotations in different fields. In the context of
researchregarlly 3 YIF NJ SGdAy3a YR YFEyF3aSYSyid AG A& RA&C
Gl fdzS¢ Ot NI KFEfFR 9 wkYlFaglyYegs wnnndod LG KI &
learning (Kangas, 2010), and sometimes when discuddiagsively Multiplayer Online

(MMO) gamesit refers to the practice of players creating adds for games that changes

their user interface (Davidovidiora, 2009). In this text the word aweation is used to

denote that players and computational processes each have roles in the creaticgarhis

objects. This can also be referred to as mixed initiative creation, where one initiative is from

a machine, and the other from a human.

Cocreation in games is related to the notion of playeeated content. A major concern has

been how to achieve the righevel of editorial control. While many players enjoy creating

things in games, other players do not always appreciate the quality of the work. Regarding

editorial control for content in virtual world created by others than the game developers it

was comma in the text based worlds such adulti-User Dungeon MUD) (Bartle &

Trubshaw, 1978) of the 1980s and 1990s that trusted players were given extended authoring
NAIKGaAD | GNHZAGSR LXF@8SNI Oy 68 StS@FrGSR G2 as
world and populate it with objects. The greater rights, the more permanent the objects

created could be. In other words, a very trusted player might be given the right to create a
permanent building, while a less trusted player might be allowed to createbgect that

WEAPSAaQ F2NIF fAYAGSR Y2dzyd 2F GAYS® Ly fF GSN
has generally been abandoned, with exception for that some worlds allow players to create
GKSANI 26y WK2YSaQ 2N YI ya&ds2of quilds, svinde theySanNI LIS NIV |
virtual objects that are graphically represented (Lucas Arts, 2003; Square Enix, 2003). In

virtual worlds that are more oriented to socializing than game play, such as Second Life

(Linden Lab, 2003), the practice of playemsating (and scripting) content is an important

part of the activity in the worlds. Providing tools for players tecoeate in game oriented

worlds is more challenging; players' creations need to tie into the existing game mechanics,

which adds complexitand potentially introduces bugs and incoherence. For creating own
O2ySyid F2NJ LIX e 6AGK FNARASYRa Ad Aa Y2NB dzadz f
for existing games, such aNeverwinter Nights(Bioware, 2002) orHalfLife (Valve

Corporation, 998), for creating own games and game levels. In mods, the game play
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mechanics played with and the content created is restricted to that very world, so it is not
necessary to make sure it is compatible with everything in an already existing world.

Ingamesiy IASYSNI X LI IE@SNRQ FOGA2ya KI @S 'y STFSO
2dzi 02YS 2F (GKS 3JIFrYSed ¢KS RSINBS YR yIlidaNBE 27
game to game depending on its desighut it there is always some effect. In case tame

is a multiplayer game, the player also interacts with other players via the game system,
FFFSOGAYT GKS 20KSNI LX I @SNBEQ SELISNASYyOSo ! NIST
1969) sense) in a game which areareated by a game system ang Iplayers add yet

another level- that of cocreated artefacts. At the most basic level the item is merely

represented (a represented artefact), while at a median level it has properties and functions

aligned with the affordances of a particular gamesufactional artefact), so that it is usable

by players. At its most advanced, the-amated artefact is autonomous, acting within a

game system in ways that affects other entities in a game, for example player
representations (an autonomous digital artefadExisting games allowing for the creation of

functional artefacts includéinecraft (Persson & Bergsten, 2011)tle Big PlanetMedia

Molecule, 2008), andCreatorversglLinden Lab, 2012), while games where players create
autonomous artefacts includeéfhe Sims(Maxis, 2009), and the research prototype

Pataphysic Institut¢Eladhari, 2012).

Cocreated autonomous artefacts are products of the combined efforts of the game

designers, making a system allowing for emergence of art, and players creatiggthesin

a2adsSYz YIF{1Ay3d GKAy3a GKIG 0S02YS KE@ONAR | NI S
system. The combinations of efforts of result inaeated artefacts on basic, median and

advanced levels are seldom possible to predict, sometimes surpissinggtimes novel, and

more often than not, unique.

2.2.2 MIXED INITIATIVE PCG

Since its early stages of development, the computer was expected to assist in solving
engineering problems by being involved in the creative design process and by automating

tedious taks. Computemided design tools have often been identified by their dual role as

G KS RSaAaa pgefoiding sidadatio@sSanalysis and constraint satisfaction tests

and as advisors when certain requirements are not met. As computers are becoming

efficient at performing the former role, more researchers focus on the latter: the most
FYOAGAZ2dza NBES FT2NJ 0KS O2YLlzi SN AZoosjidslali 2F (K¢
colleague a computer should contribute equally to the design discoursedold also incite

ONBI 6 A ANBEYRRY a8BNBK YSOKFIyAavya (G2 3ISYSNIGS vy

In commercial games and garike applications, computeaided design speeds up the

development process in the form of game editors. Game editorsamsé@tuitive graphic

interface, allowing designers with little programming experience to script behaviours and

create content, usually as part of a game level. Many of these tools ship with the final game,

allowing endusers to generate content which in@ses replayability and fan loyalty.
a2RRAY3 @Al (GKS LINRPPARSR 3IALYS SRAGZ2NE KlFa 27F0¢
and mechanics, leading to new game titles suchCasinterStrike(Valve, 2000) or new
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subgenres such as Multiplayer Online Battle maz Over the years, game editors have
become very sophisticated, driven by a desire to support the modding community or to
reuse code across products. As an example, the Unreal Development Kit supports landscape
sculpting, asset organization, scaling reridg accuracies and codeee visual scripting. On

the other hand, gamapecific editors such as the Creation KifTbge Elder Scrolls 8kyrim
(Bethesda Softworks, 2011) allow less customization but offer ¢aitteed easyto-use
automations such asvelled item lists, navigation path generation and quest scripting.

Buildingon this work, some systems have been created that allow the designer to work with
the system to create game content. The two best examples of these are Tarsayith,(
2011 and Satient SketchbookL{apis, 2013pa The former allowed a designer to create a
platformer game level in conjunction with the system. The designer could set the basic
rhythm of the level, including the length of specific beats, and place platforms in specific
locations. The Tanagra system would then fill in the rest of the level with generated content
that matches the designer's specification. The designer can then modify parts of the level as
they wish. The system will warn the designer if their changesteialay constraints: either
those determined by the system, e.g., a gap is to wide for the player avatar to jump, or those
set by the designer, e.g., the rhythm specified for a section of the level.

In Sentient Sketchbooiiapis, 2013aseeFig. 3, the designer worked with the system to

create a reatime strategy (RTS) game map. The designer can specify the location of bases
and resources, as well as passable and impassable areas of the map. The system maintained
constraints, e.g., a base for each playand made multiple recommendations based on
various fitness functions. Among these are novelty, i.e., something uniquely different from
the current map,or gameplay based factors, such as resource balance or the distance
between bases. The designer couddest a recommendation to replace the current version

of the map and continue their work on the new map.

Version: 1.020" November2013 DRAFT (EARLY) Page| 17



ClLearn (FP-B18480) Game Design D4.1.2 November2013

Strategy Game Map Sketching

Figurel. A Screenshot of Sentient Sketchbook. The user designs maps on the left and
recommendations (that e.g. maximize map novelty, map balance e&re provided on the
right.

2.3 PATTERNS FOR CREAMVYN GAMES

Numerous existing games involve creative thinking, or otherwise enable creativity in some
way. When looking at a wide variety of these games, certain patterns of game mechanics
become apparentThis section will explore some of these patterns and how they might be
used in the C2Learn project.

The identification of patterns for this work builds on earlier work by B{@004) Hullett

(2010) and others. These authors have presented design padtes a useful framework for
understanding design decisions and their effects on player behaviour. Design patterns can
be used as a tool for designers to conceptualize their design ideas at an earlier stage in the
design process than normal.

The patterndgdentified for creative games include:

Construction

Free Expression
Customization
Storytelling
Combining

Bluffing

Puzzle Solving
Disruption/Subversion

= =4 =4 =4 -4 4 - -9
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Not every example falls neatly into one pattern; in many cases games contain elements of
multiple patterrs. For the discussion below, games are grouped with the pattern that is
most apparent, with other patterns present mentioned in the description.

2.3.1 CONSTRUCTION

Construction games involve the building of some artefdt¢te constructed artefact may
then be usé as part of the game, or the construction could be and end goal in and of its self.
This category also includes a number of sgames or playful activities that lack a specific
goal.

Construction games often involve working with representations of thgecibbeing
constructed, relating to Diagrammatic Lateral Thinking and€CBeceptualization as part of
Semantic Lateral Thinking as described 10l Some construction games also require
collaboration with other players, enabling Living Dialogic Spaces.

Construction toys

The most basic constructive play involves construction toysLE@® (seeFig. 2, Lincoln
Logs or Tinker ToysThese enable freéorm creative play, but are not gameSonstructed
artefacts may beised as part of a game, but that isrgerally not the goal of freéorm play.

Figurel: ALEGQonstruction

Creapbrverse

A step up from general construction toys would be a systemQileatowerseby Linden Labs
(2012)(seeFigure2). This is an app that runs on iOS and Android devices. The system allows
users to make images and animations udiagic shapes and lineft is even possible to
create games by including usieteractable elements in an animation.

Version: 1.020" November2013 DRAFT (EARLY) Page| 19



ClLearn (FP-B18480) Game Design D4.1.2 November2013

Users can alsapload their artefacts to th€reabrverseshared space, and download other
dza S Nd&Ba&ts. In this way, users can learn new ways to use the system by examining other
dzZASNEQ IINLISTFIOGa YR S@Sy Y2RAFTE GKSY FT2NJ GKSA

Figure2: Creatorverseon an iPad

Although Creatorversenas gamdike elements, it is not a game, due to lacking rules or a
specific end goal. In this way it is similar to the various construction toys, though the playful
interface and sharing makesnitore gamelike.

Minecraft

Another step up fronCreatorVersavould beMinecraft (Persson & Bergsten, 2014eeFig.

4). While still primarily used for freBrm construction, it does contain some elements of a

game. These elements can be largéiyored thaigh, and most users participate in

collaborative constructions as their primary interaction with the gaingge construction

projects with several players contributing on shared servers are commadvinecraft

Arguably this is a game, though players aedting their own goals rather thathose

intended by the game designers. Collection of resourcediimecraft also has playful

elementsg players must search for and find the needed resources for ttaistructionand

in some cases transform raw matedial 4 KNP dzZ3K G KS 3JIFYSQa ONI FaAy3a A
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Figure4: Minecraft

Galaxy Trucker

While construction games are well suited to digital implementation, there are examples of

analogue games in this pattern. One example wouldlaéaxy TruckefseeFig. § by Czeh

Games(2007). In this game, each player takes the role ddpace shipwner. They build

spaceships by randomly drawing components and trying to fit them on their ship. They can
NBE2SOil O2YLRyYySyia (KSe& R2y Qi ySSR nehNheg | yi X 0 dzi
cannot move or remove it from their ship. Each player must balance guns, engines, power

sources, crew capacity, and cargo space if they are to succeed in the game.

Once the ships are constructed, the players then compete tedwad to see who tilt the

best ship. Random cards represent different encounters the ships face on their journey, such
as a meteor shower that can damage or destroy parts of the ships, or planets where a player
can choose to land and collect cargo. If tre&hip surviveshe journey, players get paid for
their finishing position and the cargo delivered.
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Figure5: Galaxy Trucker

Uggtect

Another analogue example would téggTect(Heidelberger Spieleverlag, 20@8eFig. §,

also sometimes calledarghtTect In this cavenanthemed game, one player takes the role

of leader while the other players are builders. The leader has a card showing the structure to
be built using the coloured wooden shapes available to the players. They (the leaasr)
guide the other players t@omplete the construction, but they are not allowed to speak.
They must convey their instructions through the use of gestures, grunts, and an inflatable

club.

Figure6: UggTect

2.3.2 FREE EXPRESSION
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Related to the construction pattersiree expression. Gaes in this pattern allow the player

to decorate or customize aspects of the game, but the customization has no effect on
gameplay.Farmville(Zynga 2009 ¢ see Figure3 ¢ Is a classic example of this, but many

other games support this pattern. It is very common among social games as visiting other

LX I @8SNBQ FINBlFra Aa | O02YY2y FSIFGdaNB>X (K2dAK
mechanics of the game.

Figure3: Farmville

Aspects othis pattern also appear in many otherwise noreative games (e.gRavenwood
Fair(Lolapps, 2010) dfree RealmgSony Online Entertainment, 2009)) that allow players to
change the clothing or appearance of an avatar despite the change having no eifect o
gameplay.

Free Expression in games allows for Escapism andPRoleas part of Semantic Lateral
Thinking. They also relate to the playfulness and possibilities of Wise Humanising Creativity
YR SylFofS WgKIFG. AFQ IyR Wra AFQ GKAYy(lAy3

|2.3.3 CUSTOMIZATION

This werlaps heavily with the free expression pattern, but here the customization does have
Ly SFFSOG 2y 3IryYSLXlreo Ly GKS&asS 3IlryvySaz GKS
attributes of their avatar or options available in the game

Customization stronglrelates to the idea of Possibility Thinking, namely the "what if* and
"as if" thinking that is central to Wise Humanising Creativity. As well, many games may give
players random starting choices, thus enabling Random Stimulation as part of Semantic
Lateral Thinking.

Spore
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In the Maxis gameSpore(2008) (see Fig. §, players begin the game by designing their
creature. They drag body parts onto the figure and position them. The selected body parts
and their configuration effect how the creature behaves. Example, giving your creature
sharp teeth means it will be a carnivore and therefore more aggressive than a herbivore
creature.

Blue Vitlager

Figure8: SporeCreature Creator
The Sims

In another Maxis gamelhe Sim¢2000)(seerigure 9)players design both their ater and

the house they live inThe avatar customization affects their ability and personality traits,
while the layout and items placed in the house affdotsv the avatar lives and how they
spend their time.

=A

Salact

Figure4: Avatar ceation in The Sims

Computer Role Playing Games
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In most computer role playing games (CRPGSs), players determine their avatars initial skills

and have the option of improving attributes or gaining new abilities once they gain a new

level. This allows custontizi A 2y 2F GKS OKFNIOGSNI G2 adaAaid GKS
For example, iThe Elder Scrols Skyrim(Bethesda Softworks, 201(&eeFigure5), a player

who prefers a rangedttack style might invest ilmproving their archery skill as they gain

new levels.

Figure5: Character appearance options ithe Elder Scroll. Skyrim

Many CRPGs (e.gorld of Warcraft(Blizzard, 2004)) also allow the player to set the
appearance of thie avatar, though in many cases this has no effect on gameplay, making
this customization more suited to the free expression pattern. Though in some games this
customization can affect gameplay, such as through different options for male or female
avatars,or bonuses gained from certain clothing or equipment.

2.3.4 STORYTELLING

Games in the storytelling pattern require the player to craft a story from a given set of
elements, often randomly determined. Many games in this pattern overlap with the
combining patternas the player is trying to connecandom elements into a coherent
whole. Some games that could be placed in either pattern have been placed here because
the storytelling aspect is the main focus of the game.

Storytelling games often involve connectingidam elements, so the Random Stimuli and
ReConceptualization components of Semantic Lateral Thinking are preSdrd@se games
also enable the Possibility Thinkif Wise Humanising Creativitdue to the strong
narrative thread

Story Cubes
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Story CubegGamewright, 2005)(seEigure6) are a set of nine dice, each with a unique

image on each of its six faces, for a total of 54 images. To play the game, a player rolls all

nine dice and creates a story that ties tresulting images togethelVhether this is a game

2NJ y2G Aa RSOl G 0f SqtHe playér KoBltN&iccded of Qiliat makit@faS |+ NJ 3 2 |
story, but there is no means to rank the stories against others or determine a winner.

Oy letyour imagination roll wildl

ryCubes

Figure6: Story Cubes
Once Upon A Time

In the card gameéOnce Upon a Tim@Atlas Games, 1995%ee Fig. 12 each player gets a
random hand of cards that they need to incorporate into the story being told collectively by
all the players. The cards incridtory elements like characters, plot twists, and resolutions.
One player begins telling the story, but may pass it along to the next player if they are no
longer able to connect the cards in their hand. Players may also interrupt the current
storytellerif they (the storyteller) mention an element that the player has in their hand. The
goal is to be the first player to use all their cards.

Figurel2:Once Upon a Time
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Nanofictionary

Nanofictionary(Looney Labs, 200eeFigure?, is another storytelling card game that also
includes elements of the set collection mechanic of standard card games. Players complete
to collect a complete set of story elements: setting, characters, problem, and resolution.
Once each layer has a card of each type, they all tell their stories that tie the four together.
Players listen to all the stories and vote on the best one.

=
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Figure7: Nanofictionary
Fiasco

FiascaBully Pulpit Games, 20Q%®eeFig.14, is a role playing game with strong storytelling
elements. It is based on the standard screenwriting tropes common in crime movies. After
selecting a scenario, players roll dice to determine characters, settings, and plot points. They
then act out the storytrying to reach the agreed upon conclusion while also completing
OKSANI AYRAGARdzZEf OKINIOGSNEQ 321 faod

Maty Santary | n——— 5 v - St ez,
Chat of Pt Them . s Towm
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Figure8: Fiasco
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Tabletop RPGs

More general tharFiascois the wide variety of tabletop rolplaying gamesDungeons &
Dragons(TSR, 1974y perhaps the best known of these, but there are humerous others,

including Call of Cthulhu(Chaosium, 1981)Vampire: The MasqueradéWhite Wolf

Publishing, 1991)and TravellerO I YS 5S&aA 3y SNE Q Whil2 MAnad thész M pT T 0
games hag complex combat systems or other mechanics based on die rolling and numeric
NBLINS&ASYGlFriGAz2ya 2F OKINIOGSNEQ l[oAfAGASAT GKS
players and the dungeon master (DM). The DM sets the scene and takes on the noje of a
non-player characters (NPCs) the players encounter. The players each take on the role of a

OKIF NI OGSNJ FyR | OG IOO0O2NRAYy3 (G2 GKIFG OKIF NI OGSNI
common goal the players are working towards in a given session, fteri players have

openended campaigns that can go on for years.

2.3.5 COMBINING

Games in the combining pattern usually require players to connect disparate random
elements into some coherent whole. Storytelling games often have elements of combining
as well aghe players may be asked to form a story from random elements.

Like storytelling games, Random Stimuli andd®aceptualization from Semantic Lateral
Thinking and possibilities and participation from Wise Humanizing Creativity are present in
many of thesegames.

Man Bites Dog

In the card gaméan Bites DogUniversity Games, 200XeeFigure9, players compete to
create humorous newspaper headlines from a random hand of cards containing words or
phrases. Each calths a point value based on the obscurity and potential difficulty to use it
in a headline. Players get the point value of the cards they are able to use.

AT,
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Figure9: Man Bites Dog
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, 2dzQ@S . SSy {SyiSyOSR

Similar toMan Bites DogY2 dzQ @S . S S y(McRNe8 Yésigns, 280R))(sédgure 13
requires players to build sentences out of random cards. Here the goal is to form the longest
sentence that is grammatically correct. Each card has five sides, each with a different
conjugation ofthe base word, so players have flexibility in how they use it in a sentence.
Players may vote to reject a sentence if it is not grammatically correct or otherwise

nonsensical.

FigurelO: The cards olfou've Been Sentenced

CardsAgainst Humanity
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Figurell: Cards Against Humanity
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In the gameCards Against Humanif¢ads Against Humanity, LLC, 20G®eFigure 17 one

player reads a sentence that contains a blank. The other players submit a card friom the

hand that fits in the blank. The lead player then selects the submitted card that they like the

0Sado 'a GKS tSIFIRSNR&a 2dzRISYSyd Aa GKS 2yfeé& RS
to give the most humorous submission or try to appeal to B¢ IRS N & LISNE2Yy | f A (@
way.

2.3.6 BLUFFING

Bluffing games require the player to be creative in how they represent themselves and the
fictions they tell. There are some overlaps between bluffing games and storytelling games in
that players might be requiretb tell a story to provide clues or deceive other players.

Bluffing gamsinvolve understanding of the players own emotional state and the emotional
states of other players. In particular the Second Order Emotive Lateral Judgement may be in
play here as layers need to consider what will be accepted by the group. The pluralities,
participation, and possibilities /ise Humanizing Creativity are present.

Werewolf/Mafia/The Resistance

In the classic party gam@&erewolf(seeFigure 1§ (also commonly calletafia, in addition

to other names and produced commercially in a modified form Hse Resistanc@ndie
Boards and Cards, 201050me players are secretly selected to be werewolves, while the
rest are villagers. Each night, the werewolves secretly votelk a villager, and each day all
players discuss who they think the werewolves are and have the option of lynching one
player. If they succeed in lynching all the werewolves, the villagers win, otherwise the
werewolves win once they are the majority tife remaining playergat which pointthe
outcome isinevitable.

Figurel2: Accusing another player iwerewolf
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As the werewolves need to avoid detection, they must be creative in how they present
themselves during the daytimeastussions. They want to direct accusations towards players
they know are not werewolves without appearing to be so aggressive that the other players
suspect they are werewolves themselves.

Dixit

The cardgame game Dixit (Libellud, 2008¥ee Figure 19 also combines elements of the
storytelling pattern with the bluffing pattern. One player is the storyteller for a round. They
select a card from their hand and tell a story about it. Then each other player selects a card
from their hand that also fits the sty and submits it. The players then have to guess which
card was the one originally submitted by the storyteller. Both players and storyteller get
points for correct guesses, but the storyteller gets no points if everyone guesses the correct
card. So thestoryteller must be creativen creating a story that allows some players to guess
the correct card, but not so obvious that everyone guesses.

Figurel3: Cardsin Dixit

Ling

In Ling (Endless Games, 2003ee Figure 20 players ae randomly dealt cards that are
organized into pairs with the same word. Each player has a partner with the same word, but
they donot know who it is. The players then try to clue their partner by giving words related
to the correct word, hoping that theonnection will be obvious to their partner but not to

the other players. All players then guess at the partnerships, with players gaining points for
correct guesses and losing points if other players guess their partnership correctly.
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Figurel4: Ling

2.3.6.1PUZZLE SOLVING

In puzzle solving games, players have an objective they are trying to reach or a goal they are
trying to accomplish. The path to the goal is not clear and players must figure out how to
accomplish with the resources alable. This may involve the Reonceptualization of
Semantic Lateral Thinking. Many puzzle solving games involve construction, so the
conceptual representations of Diagrammatic Lateral Thinking may also be présent

Wise Humanizing Creativity, podiities and playfulness are strongly represented.

Bad Piggies

In Bad PiggiegRovio, 2012)see Figure 21 players must construct a machine to transport

their avatar from the start position to the goal. The machines use wheels, engines, structural
componerts, power sources, and more in a series of increasingly complicated puzzles. Once

GKS LJXI&@SN) O2yadNHzOGa GKSANI YIFEOKAYySs GKSe& adl
determines the outcome. In some puzzles, the player has a degree of control in wéen th

activate some parts of their machine, but they can never make major changes en route.

CKSNBE Aa y2 2yS az2fdzZiaAz2y F2N Fye 3IAGSyYy Lz 1€ ST
to use the components available to achieve the goal. Some player§imiaychniques that

they prefer and try to use them as much as possible. Other players may explore different
techniques.
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Figurel5: Bad Piggies
Crayon Physics

Similarly,Crayon PhysicPurho, 200§see Figure 22 relies on payers drawing elements
YySSRSR (2 &a2t@9S | LWzZ1tS 6KAOK INBE G(KSy I OGSR
player may draw a box that then falls and knocks over an obstacleBak®iggiesthere is
y2 2yS O2NNBOG a2t dzi emiids thé dpFoatidésitheysea ONB I G A GA
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Figurel6: Crayon Physics

2.3.6.2DISRUPTION/SUBVERSEIO

Disruptive games are a form of serious game, which are a mainstay of thegadie

RSOSE2LISNI O2YYdzy A g ® -RARQI DS § haspaakéabroad (2 |
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range of game genres, including shooters, #eased adventures, console clones, rhythm
games, poirfand-click, and so on, with the common feature of at some point diverging from
the established norms of their genres in order toosk or provoke the player. Another
common feature is little or no documentatianthe player must determine how to play and
WgAYyQ GKS 3JIYS gAlK2dzi | aaraidl yoSo

Thesegames can be used to subvert or disrupt established patterns and expectations of the

playes. This is of interest in C2Learn, as one of the envisaged use for games in the
SRdzOF A2yl f A0Syl NR2a A& (2 | -dsfaliighéddhoug@ 2t 0 Q G K
patterns, to new, unexpected oneés such, the REonceptualization and Randortinduli

of Semantic Lateral Thinking are strongly present in these games. The playfulness and
possibilities of Wise Humanising Creativity are also present.

000000052573743

In 000000052573743Hasetrum, 2013)(sedrigure 23 the player begins the game in a

confusing situation, one human figure in a large group of other, seemingly identical avatars,

and surrounded by armed guards. Should they player move, explore, or remain still?
LYYSRAIFIGSt& GKS@& Ydzad adl NI G2 0KMgirhtive@2 dzi aA RS
GKAOK Aa KARRSY GAGKAY (GKS 3AFYSQa &idNWzOG dzNB @

Figurel7: 000000052573743

Phone Story

Disruptive games are also a staple of the wealbwn games for change movement.Rhone

Story (2011) Paolo Pedericini tells the darory behind the production of smart phones,

LX F OAy3a GKS LIXIFTE&SNIAY (GKS NBfS 2F | NY¥SR 3IdzZ NR:
assistant in Chinese factories, and so (seeFigure 23. Needless to say, the game was

removed from the iOS AppS®almost immediately after release, and is now only available

for Android devices. The game works on several levels, not least being played on the very
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device itself which is responsible for the suffering in the game, but also uncomfortable
sensation thaunpleasant subjects can still be fun when contextualised as simple games.

Figurel8: Phone Story
Unmanned

az2f t SAyBuzanaedRoL2DseeFgure 5, has been calledone of the most realistic
RSLIAOUAZ2YA 27F gih Nlviddo ganECehdizyeti i€ bi&aks most of the
conventions associated with war games across genres. Like the previously cited disruptive
games, the length of play is fairly short (in the area of 10 minutes), and yet in that time it
successfully manages take the player on a journey from ignorance to realisation about the
realities of modern warfare in stark contrast to the heroic, macho image created by most
media formats. While not requiring creative thipkr se Unmanneddemonstrates not only
thepoSYGAlf w22t diQ STFSOG 2F aK2NI 3AFYSaz odz
for further reflection and critical thinking.

Figurel9: Unmanned

L http://arstechnica.com/gaming/2012/02/unmannegresentsa-nuancedpsychologicaperspective
on-modernwarfare/
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3 C2Learn Game Design

Argudly, there is no obvious cleasptimal way to imorporate a digital game into an
educational scenario (or in particular, into the proposed educational scenarios of D5.1.1). As
such, this initial game design document will explore (rather than exploit) muki@earios

and attempt to provide links to # C2Learn theory of creativity so that the scenarios are
properly contextualised under a game design, a pedagogical and a theoretical perspective.
From this the consortium can decide the best way to move forward with the project and
select the most approfate scenarios that satisfy theoretical, evaluation and pedagogical
goals.From the threeinitial ideaspresentedin this deliverablewe expecto developa final

set of gamedesignscenarios by the time deliverable D4.1.2 (Final Game Design) will be
subnitted (month 18 of the project).

It is also important to mention that will not be possible to develop digital games that will
be able to support all possible educational scenarios, so the goal is to aetettsetthat

will be impactful enough to jusy their use for enhancing creativity according to the
C2Learn theoretical framework 2[1.1) ¢ by realizing the C2Learn educational scenarios
(D5.1.1); but also flexible enough to support multiple curriculum topics and age groups.

3.1 MAPPING PATTERNSOZEARN THEORY

Error! Reference source not foundittempts to summaize the aspects of C2Learn theory that
may be enabled by games in specific patterns. This is by no means meant to be conclusive;
individual games witin a pattern can vary greatly in terms of gameplay and may enable or
not enable different aspects of creativity. And given the inherent subjectivity of these
mappings, it might be possible to argue that any arbitrary game enables an arbitrary theory
concept. This chart is meant to summarize the discussion above and provide a starting point
for discussion with UEDIN and OU about what forms of gameplay would need to be present
in the C2Learn games in order for various aspects of creativity to be enabled.

Table 1: C2Learn Theory Concepts and Game Design Patterns

[ (@)
c S £
. c b o = - C
B sl 8 | £ g o | §9
S 2 é = = o n = ¥
5 @ L Yol o o
D o] o o £ = (]
7) o1 2 > N | 2 >
c Q5 7] e = N S o
o o > =} ) =] X%
= X +— = =] o
(@) L Ll @) (92] @) m o o wm

Random Stimulus X X X X
ReConceptualization X X X X X
9a0l LAY oy X
w2tS tfle 6 X
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Diagrammatic Lateral
Thinking

Multimodality

Diagrammatic reasoning X X

Emotive Lateral Thinking

First Order Emotive
Lateral Judgment

Second Order Emotive X
Lateral Judgment

Living Dialogic Spaces X

Journeys of Becoming

pluralities X
possibilities X X X X X X X
participation X X
playfulness X X X

3.2 STAGES IN THE DESRROCESS

UoM has organized two workshops for game design. The design process is divided into four
phases. The first workshop, initiating the first phase, was held in January 2013 in Malta. This
participatay game design workshop was attéed by representatives from the partners
central to the game design processoM, SGI, UO, EA, and UEDIN. Based on the discussions
initial prototypes where constructed, a possibility sketch was outlined, and the most
promisng game design patterns for -@oeativity were identified.

The second workshop was held in July on Crete, where end users (teachers) were introduced
to the possibility sketch. In the same workshop EA gathered end users' feedback on possible
scenarios fothe game design (WP5). Based on this feedback the design process could enter
a second phase, informed by both user and by deliverables from partners that further
clarified theoretical concepts, evaluation strategies and techneligyywed opportunities.r

the second phase aspects of creativity in relation to certain game design patterns were
coupled with those scenarios teachers found to be most useful in classroom settings. The
partners focusing on theoretical aspects (UEDIN and UO) gave feedback,cebede
Section 5, that helped further narrowing down the design space to include game design
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patterns, or abstracted main play activities, concerning cooperative storytelling and
construction.

The design process is currently (M12) in a third phaseenwirototypes are constructed,
which will be subjected to initial ad hoc play tests during November in preparation for
further refined designs to be used in the first pilots (WP3). The process will enter into fourth
stage in December, concluding with theliderable of the Gam®esign Document in April
2014.

3.3 C2LEARMSAMESYSTEM

Based on the C2Learn Description of Work (DoW) as a whole, the proposed initial C2Learn
game system is an attempt to realize most aspects of the project by incorporating all
necessay elements and research activities. The proposed system consists of three main
elements: theCreative Suitethe Shared Spaceand theGame Template Suitg¢seeFigure

20). The three together form a system that helpeachers enable creative activity in their
students and create opportunities for reflection upon the curriculum. As envisioned, the
system is highly flexible and could support a wide range of curriculum topics for students of
all ages.

In brief, the Crative Suite consists of tools that enable the making of creative artefacts.

They use the creativity tools developed in WP3 and the mixed initiative PCG techniques of

WP4 to make recommendations and prompt lateral thinking in students. The Shared Space

wouR Ffft2¢g adGddzRSyda (G2 @OASe 20KSNJ addzRSy i Qa I NI
Fa F adFrNIAYy3 LRAYyG F2N I addRSyidaQa 26y 62N] @

Finally, the Game Template Suite would enable dialogue around curriculum topics be
allowing the student to play games usitiigeir creative artefacts. The games would be based
on standard game patterns that curriculum topics can be mapped onto. The followirg sub
sections present the three key elements of the C2Learn game system in more detall
providing examples of potential gandesignscenarios.
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Figure20: A sketch of the C2Learn Game System

The system attempts to incorporate as much of the C2Learn theory as pog3hlk1)
Numerous concepts fronthe Cacreativity frameworkare supported, namelyassibility
Thinking as students are given opportunities fér2 K | and W ¥ &xhirkifigtin deciding
what artefacts to make and how to use them in a game. Hoer Psof pluralities
possibilities participation andplayfulnessare all present as welgs students engage both
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