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EDITORS’ FOREWORD

preconditions (when to use the theory)
Content

e All content.

Learners

s Al students.

Learning environments

e Designed environments that have rich, immersive experiences that simulate to
sowie degree relevant real-werld conditions and challenge learners with authentic,
situated, and increasingly difficult problems.

Instructional development constraints

o Likely significant, depending on design decisions regarding the scope of vich media
and the complexity of immersive experiences.

Values (opinions about what is important)
About ends (learning goals)

e The development of situiated problem solving skills (which games promote by
presenting learners with obstacles that requive reasoned actions to overcome) is
highly valued.

o The promation of transfer to real-wworld tasks {which games foster through authen-
ticity and learning by doing) is hiphly valued.

®  The enhancement of feelings of self-efficacy (which games support by providing
a safe environment for risk-taking, by enabling collaboration and social learning,
and by providing varieus forms of scaffolding) is highly valued.

s The appreciation of play as a fundamental source of learning experiences is highly
valued.

About priorities {criteria for successful instruction)

o Dffectiveness and appeal ave highly valued, but efficiency in terms of the time and
expense to develop a game may affect the decision to use this approach,
s The ability of games to foster intrinsic motivation is highly valued.
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About means (instructiongl methods)

®

@

Aliguing the goals of the game with the leariing goals is highly valued.

Using authentic settings and tasks that promote learning by doing is highly vahyed.
Providing interesting challenges that are optiniized for the leamer's current krowledge
and skills to promote immersion and flow is filghly vatued. 7
The learnier’s aciions should result in natural conusequenices and, then appropriare,
additional explanatory feedback.

Including scaffolding ihat adjusts difpeulty, provides guidance and support, and
offers pari-task practice when needed is highly valued.

Requiring cooperative play and authentic roles for players is highly valued when
leaimiing goals include teanm developinent and collaboration skifls

About power (to make decisions about the previous three)

In a vich, immersive game, the learner may have great latitude tn choosing which
challenges to undertake as well as when and how.
The learner should have significant control over the Srequesicy of non-diegetic instruction
(instruction that is not an inherent part of the gamel.

Universal Principles

1. Creating a vision of the game

A holistic, “fuzzy” vision of the game guides design decisions regarding the
game space and the instructional space.

Learning goals: Specify what the learner will knoww, be able to do, and feel as a
result of undergoing the game-based learning expericnce,

Authenticity: The dimensions of authenticity should be consistent with whole,
real-world tasks, including porirayal of vatues, attititdes, beliefs, and cultures and
provision of situational understandings.

Levels of difficulty: A ganie should be designed as a series of levels o increasing
cotnplexity and difficulry, each of which must be mastered before the next level is
“unlocked.” Each level is a version of the task and is made up of many individual
perforimances of the task that share the characteristics of that version.

Scaffolding and wastery assessment: A game’s instructional overlay encompasses
all aspects that are intended to enhance the effectiveness and efficiency of learning,
Feedback: A game has four different kinds of feedback: natural consequences of
decisions /actions, explanations, debriefing, and immediate feedback in ihe Jform
of hints or explanations of causal influences or redsoning.

Motivation: Various aspects of garies stimulate intrinsic and extrinsic motiva-
tion. Motivation may be enhanced by collaboration with others, authenticity and
televance of the scenatio and role, and confidence or expectancy for success.

Designing Games for Learning 209

2. Designing the game space

Goals: The actions and strategles needed to succeed in the game should be alipned
with those needed to achieve the desived learning ouicomes,

Ganie mechanics: Conceve or translate the desived learming outcomes ingo dctions
{inchuding cogritive actions) that fonm the basis for playing the game,

Rules: Ruiles should generate ontcomes and feedback consistent with the real world
fo promote transfer.

Players: Create roles for players to engage with the game either alone or in
competition or cooperation with other players and nou-player characters.
Environment: Make design decisions regarding the environment based on the
learning goals, the appropriate degree of fidelity, and the type or genre of game.
Objecis: Create gawe objects {components of the game system) that embody and
eitable the gaine mechanics or are gffected by the player's use of the game medhanics.,
Information: Provide several types of information that players use to make
decisions regarding which actions or doices will lead toward a goal.

Technology: Select equipment (physical objects) required to play the game, likely
including a computing device with various forms of input and output, a nefwork,
and daia storage.

Narrative: Use narrative to provide both a familiar fravie for experience and a
cognitive frame of reference {schema) to promote recall. .
Aesthetics: Make design decisions for all of the other game components in such
a way as fo create the overall aesthetic experience of the gnmefthe ?motzgnal
responses and felt experienzes that arise in the player(s) through interaction with/
in the gaine systen.

3. Designing the instructional space

2

Adjusting: Adjust aspects of the game to provide an appropriate I'ewe! of difficulty for
the player, thereby placing the player in his or her zone of prﬁxtl’!'lfl.[ development.
Coaching: Provide coaching (a form of scaffolding} that provides cognitive and /or ero-
sional suppott io the player by providing information, tips, or a 51‘10{1 d.emomrmtmn.
Instructing: Instructing should be used just-in-time w;'ren\ever a sugnyﬁcam‘cmmmf
of learning effort is required. This may include a sz'gny‘fmnr'amomfu.f ?f‘ mfo-rmc-l-
tion to be memorized, a difficult understanding to be acquired, a .d;ﬁr.mft skill
te be acquired, including appropriate levels of transfer and antomatization, or a
significant attitude change to be made.

Situational Principles

Considerations for designing the game space

Kinds of game mechanics: Core mechanics are most fundamental in nccmzpllSIh-
; ' v ar ently.
ing the goal(s) of the game and should be introduced early and recur frequently
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Compound rnechanics consist of two or mo
Peripheral mechanics are optional or non-vital. Decisions abour each of these
kinds of mecharics will vary depending on situationg! variables for eacl game.
Parts of the game environment: The Laite envirenment consists of strictype
(discrete or continmouns), dimensionality (lnear, rectifinear, 2D, oy 3D, perspee.
tive {the player's view), physics (how objects move), and time freal, compressed,
extended, or vayiable). Decisions on each of
situational variables for each gdine.
® Kinds of information: Information about avatars, objects, events, the enviroy.
mient, and the system may be more or loss accessible to the player depending oy
authenticity, level of difficulty, and cognitive foad,

ve core mechanics combined by a Mile,

these parts will vary ciqaemh’ng on

Considerations for designing the instructional space

®  Kinds of adjusting: Difficulty adjustinent may involve sequencing cases Jrom
easier fo more difficult, or dynamically adfusting difficulty based on the fearner’
curent xone of proximal development. Antificial prompts and automaied fask
perforarce are alternative adjustients that may be used to scaffold the learmer
towaid the desived performance,

®  Kinds of coacliing: Coaching can take the form of providing information, provid-
1g a hint or tip, or previding an understanding. It s typically provided when the
leatner just needs a Jitile help to perform a pair of his /her role.

e Timing of support: Instructional Support may be provided to the player “ust ist tine,
or it can be trigoered by certain player actions, or the player can requiest it af any time,

¢ Kinds of leaming and dppropriate instructional strategies: Different kinds of
learning, such as memorization, skilfs, understanding, and attitudes and values,

require different instructional and assesspient strategies.

—~CMR,BJB,&R.DM

DESIGNING GAMES FOR LEARNING

L Introduction

The game-based approach to instuction seeks

tich, immersive experiences in designed enviror
degree relevant real-world conditions and challenge learners with authentic, sir-
uated, and increasingly ditficult probiems. This approach draws on several other
instructional-design approaches, including the experiential approach (Lindsey &
Berger, 2009), the simulation approach {Gibbons, McCankie, Seo, & Wiley,
2009), and the problem-based approach (Savery, 2009). Desigrers undertaking

2 game-based approach should be familiar with the principles and methods of
these approaches.

to promote learning through
iments that simulate to some
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Reasons for Using Games for Learning

Games capitalize on the relationship between ac!'cion and (.:ngiti.on
{learning by doing).” A well-designed game can provide authentic pra'.:t‘me
in thinking and working in specific roles and contexts. Rather. than acquiring
knowledge divorced fram nstrumnentality, a player n.lust i.,lse Aacqulre.ci k.nf)w.ledge
{and continue to acquire new knowledge, often on 4 just-in-time basis) within the
game environment to solve problems in order to overcome o}?stacles agd p,.roceed
toward the goal. This generally involves formulating étrategles by using mdtvlc—
tive and heuristic reasoning, logic, and hypothesis testing, Through the gaming
expenience, players learn to reflect on their failures and suc;esses bef:ausc:: thoie
new insights will be crucial in subsequent attemnpts as well as in nevw mtuatmns.‘
Games promote team development, soc.iz-ﬂ learning, .al.ld social
cohesion. All games provide some sort of competmon., whether it is betw.een
a single player and the game system or between multl_pie players or multiple
teams. However, games can also be designed to require cooperation among
players. Again, the competition may be between a Feam and the game Sy.St:n
or between teams of players. Mulaplayer games provide shared experiences that
can be collectively examined, discussed, and reca]led.when relevant to new
situations, When players take on roles within cooperative games, they §evelop
and learn to wtilize distributed knowledge, that is, they le:u_-n' to recognize and
draw on the resources of their fellow players, which is a ?rmlcal component of
effective teamwork, Cooperative gameplay provides practice in these and othcr
teaming skills and leads to increases in the collective efﬁcacy of the players. _
Games enhance learner engagement and effort. Recent advanc.es in
our understanding of the neurology of learning have found that games trigger
our brair’s dopamine-reward system, generating feelings of pleasure and increas-
ing motivation. The sense of immersion and flow that a player experiences
while playing a weli-designed game leads to pr(?longed and focused engaigt.a—
ment, When learners devote more tdme to leaming tasks,. t.;hey natura.lly learn
more (Berliner, 1990). In the game cycle of playing, failing, reflecting, ;«;d
trying again until success, players gain a sense of. control and autonomy. | ;
resultant feeling of self-efficacy is an important influence on persistence an
willingness to undertake new learning tasks (Schunk, 19.91).Jr .
Games provide a safe environment for lc?a.rnmg. Many pro esmfons
that involve hazardous conditions and/or responsibility for the health and safety

ixig is hi ] - gan
* Editors” note: As discussed in Chapter 1, active learning is highly valued in the learner-centered paradig
of instriction. . o e
wE lé'dfr<:rr’ note: Comipare this with the contimious-change framework of planning, performing, and reflecting
diserssed n Chapter 9 on self-regulated learning. _—
sk Editors’ note: See Chapter 1 on the finportance of learning from peers through collabora i.;if’ 3 " y
Cditors . ] in Cj 12 [z asne
t Editors’ wote: The principles of gamification discussed in Chapter 13 also emphasize the fmpor

providing a sqfe enviresient for learning.
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of others (e.g., military, police, fire fighting, surgery} have turned to games and
simulations to provide practice in thinking and acting under pressure in critica]
situations, While it is necessary eventually to train i real-world settings, games
and simulations can scaffold learners roward the required competencies before
risking life and limb.

Games are customizable, Games can be designed so that they provide
appropriate and variable levels of authenticity, which can be useful in reducing
cognitive load for novices so that they can focus on the most critical aspects of 3
task. At the same time, the fevel of difficulty can be dynamicaily tilored to the
learner’s current knowledge and skills to provide optimal challenge. For 2 game
to adapt appropriately, tasks in the game must be relared to learning objectives so
that they serve as formative assessment of the learner’s progress. Furthermore, if
the learner is failing to attain the objectives, the game can provide various types
of just-in-time instruction via scaftolding.”

When a game incorporates formative assessment combined into scaffolding,
the need for human instructors is greatly reduced, with the potential to greatly
lower costs. Furthermore, learners have greater fAexibility for when and where
they participate in instruction, While developing 2 complex game for learning
can be labor intensive, the averall cost efficiency for instruction can make the
endeavor worthwhile it 2 sufficient number of learness is available.

i Values

The values considered most important for the design of game-based learning are
closely aligned with many of the reasons cited above for using games for learn—
ing, and they inform many of the design principles that follow,

Values about ends (learning goals) include:

®  The development of situated problem solving skills, which games promote by
presenting learners with obstackes that require reasoned actions to overcome,

®  The promotion of transfer to real-world tasks, which games foster through
authenticity and learning by doing,

®  The enhancement of feelings of self-efficacy, which games support by pro-
viding a safe environment for risk-taking, by enabling collaboration and
social learning, and by providing various forms of scattolding,

®  The appreciation of play as a fundamental source of learning experiences.

In terms of values about priorities, games value effectiveness and
efficiency. Consideration must be given to both g
to develop the instruction (

appeal over
) the time and cost required
4 game can take longer and be more expensive than

* Editors’ note: Customizing instriction and providing instructional suppert wien it is needed are Fighly

valued in the Ieam.er—rmreredpumu’fgm
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ditional instruction) and by the time required to reach mastery {a game with
1 1 1 s
tmﬁ" iding can take less time and, given a sufficient number of learers, less
scaffo

expense than traditional instruction). . 1
Values about means {instructional methods) include:

The goals of the game should be closely aligned with the learning goals.

. The game should involve authentic settings and tasks that promote learning
F:] <

by doing. . -

T}iae game should provide interesting chailenges that are optimized for the
) learner’s current knowledge and skills to promote immersion and flow.

The learnet’s actions should result m natural consequences and, when
2 .

i itional explanatory feedback.

appropriate, additiona _ .‘ . |

1%}1130 [;'une should include scaffolding that adjusts difficuity, provides
@ C c ' :

guidance and support, and offers part-task practice when need_ed. -

When learning goals include team development and collaboration skills, the
-

game should require cooperative play and authentic roles for playess.

In terms of values about power, the leamner should have significant con-

n f values he should have :

| aver the frequency of non-diegetic instruction (instruction that 1s not an
tro

inherent part of the game).

iil. Universal Principles

igni i e grouped
Universal principles applicable to designing games for leamning mmﬁ bwf; edpfm
into three categories: those used for creating a v1s%on‘0f the game, t 108 el
designing the éame space, and those used for designing the instriictional space.

Category 1: Creating a Vision of the Game

i 1 1o stems with nyyriad
G designed to promote learning are instructionzal systems with yl
mponent i hese complex
components that interact on the basis of rules. "The results of t‘e:kl becgme
i csigner uic
interactions are often unpredictable, and game dcsflgnel.s can qf 1 toybegin iy
] les. Therefore, it is usefu
tuning componeants and ; : | n by
tic %flxzzy” vision of the game that will guide demgn d§c151 .
, . al space. The following six uni-
in creating a vision of the game
omes. The

mired in fine-
creating a holis - :
regarding the game space and che ‘mstm‘cuon
versal principles are intended to assist d.e51gners e ot
that focuses on helping learners to ach1§v§ the delsnef dif;lculty e and
six principles are learning goals, authen-tlm.ty, levels o .

maétery assessment, feedback, and motivation.

Principle 1.1: Learning goals

detr-
e learner will know, be able to do, and feel as a result of un

Specify what th pose of

' 1 It
going the game-based learning expenience. Because the primary p
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designing the game is to promote learning in an effective and engaging man-
aer, these learning goals shouid inform other decisions regarding the design of
the game.

Principle 1.2: Authenticity

The dimensions of authenticity should be consistent with whole, real-warlq
tasks, including portrayal of values, attitades, beliefs, and cultures, and provision
of situational understandings. This means that the game is usually multiplayer,
though non-player characters (NPCs) may be created to play some or alf of the
other roles. Many of these dimensions are covered in more detail in the discussion
of the game space.

Scenario. The scenario is a description of the sequence of actions and settings
that form: the plot. While a story Is ot a necessary part of all games, rofe-playing
games generally have some sort of narrative framework within which the player
makes decisions and takes action. The scenario should have high authenticity, so
as to enhance motivation and transfer of expertise to the real world,

Objects. Objects are the components of the game system that embody and
enable the game mechanics (actions governed by rules), including avatars {play-
ers’ representation in the game space) and NPCs. The objects should also have
kigh authenticity, so as to enhance transfer of expertise to the real world,

Rotles. A role defines the possible actions that 4 particular object may employ
to effect change on the game state. An avatar’s role usually includes special abili-
ties and functions. Roles may be played by NPCs. However, multiplayer game
in which all real-world team members MEETAct can serve an important team-
building function. Fach role, whether played by a learner or a NPC, shouid
have high authenticity to enhance motwvation and transfer to the real world,

Tools. Tools are objects that the players are able ta manipulate to perform
their roles. Authenticity of tools enhances both motvation and transfer of skills
to the real world.

Actions. Actions are moves that can be made by any of the players or NPCs.
They should have high authenticity to enhance transfer.

Causal dynamics (comsequences of actions). Causal dynamics are the
way the game system responds to the blayer’s actions based on the rules that
govern the associated game mechanics, Authenticity enhances the development
of mental models and skills that are aligned with the real world.

Setting/contextual factors, The setting is the situation in which the sce-
nario unfolds. It is a set of contextual factors that may or may not influence the
objects and tools available and the actions that are possible, The setting, with all is
contextual fictors, should not only be authentic, but also be varied systematically
from one episode of the game to another, to represent the ful] range of diver-

gence that the player is likely to encounter in the real world (which enhances
motivation and transfer),
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Representations. Representation is the fidelity with which v%sgal, audio,
ile, and movement elements of the game are portrayed. .If .c.ogmtwe or per-
- ;:1 overload is likely, then the representations should initialiy have lower
tc”iii[]?ry or authenticity, but should progress to high fidelity by the end of each

level of difficulty.

principle 1.3: Levels of difficulty

A complex task has many verstons of the task. Fach w.*er:?,éon. can be thought of a5
lass of performances or cases of the task that are similar in marny ways. Some
. a' s of the task are more complex and therefore more difficnlt than others
\(Igzzgzuth, 1999). Instruction that starts with the most comglc:*x version of ; tail;
usually creates cognitive overload (Swe]l.er, 1994). There 213 f; gglme g (},113 !
be designed as a senies of levels of increasing cor.npil‘cxnty aknd 1 ;u }:yl, ea(l; 0
which must be mastered before the next leyei.ls. unlocked. | ac fe\};e is E
version of the task and is made up of m'any‘;nd;\nduai performances of the tas
haracteristics of that version. '
tha;;se}iir(izlt}ilfould be arranged in a progression of t?‘iifﬁcglty }l:y usnzigi _zhe
Simplifying Conditions Method (Reigeluth, 3'999) tfo nifnﬂfy ; e Econf 1C ;er
that distinguish more complex versions from simipler Vt?lr51ons. : e;:e st 1-1 o
plexity should be identified (where the versions all bui (;ln e;c. Otb ‘i,d ot
dimensions of complexity should also be identified (where t ey) f(; no (1;1 >
each other, so any dimension can be done befor'e <a~ny cher). Di .eren; , ugem_l
sions of complexity offer opportunities for flexibility in s'cq;encm}g, aj; on
such factors as learner preferences, frequency of encounter in the real world,
assets, and much more.
N I')lf:}l;sei:]:: 10(;;'; a lc;t of vadation within a ve.rsion of the tasl::. In su-ceh ()C;iisé
mastery is required by each learner {role), not just on o(;nie per! otrrril;;ma,ncc_s
version of the rask {the level of difficuley), but oin ds'evezim:frint }E‘t formances
: he full range of “dimensions of diver : .
Eiittzi.ressszet dimensionf of divergence may k?e more chﬁicul‘t I;ha];t (;ghir;;r;
which case the performances can be arx-a,?ged in an easyl;togit }:cil ‘o fced "
if cognitive load is a concern. And cognitive load may be furthe .
necessary, by reducing representational fidelity.

Principle 1.4: Scaffolding and mastery assessment

i ance the
A game’s scaffolding encompasses all aspects that are mtende-cil t;) enktl}f:cclrayer
effectiveness and efficiency of learning. Support may be provided to the p

= Editors’ note: This mastery a roach bt alt eif-based instraction as described in 4
lehyd Chapter
Ty 7 is consistent with attalnmen
fors” B 1pp 'S

. o 3
1 and competency-based education described in Chapter 2. —
{ ion, & ] nd 2.
w% Fditors’ note: For more on task-centered instruction, see Chaplers 1 an
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2

“just in eme,” or it can be triggered by certain player actions, or the playey
can request it at any time. Diegetic instruction scamnlessly occurs within éhe
context and actions of the game through naturally OCCUITING consequences,
Diegetic instruction may be improved by tracking the player’s performance
and dynamically adjusting the tasks to provide optimal difficuley and pro-
mote immersion and flow. Now-diegetic instruction occurs outside the normgl
game activities as coaching (providing cognitive and/or emotional support) or
instructing {activities that do not affect game progress but prepare the learner
to perform in the game). Further details regarding the scaffolding are discussed
as principles for designing the instructional space.

When a learner is performing the task in a version of the game, he or ghe
may begin a new part of the task only to find that he or she facks certain knowl-
edge, skills, and attitudes (KSAs) to be successful, at which point he or she
(or a virtual mentor) pauses the game and activates the scaffolding. Alternatively,
the virtual mentor may step in prior to the negative consequences and advise
the learner that he or she needs some preparation for the next part of the task,
ELither way, part-task instruction {van Merriénboer, 1997, van Merriénboer,
Clark, & de Croock, 2002) is initiated, and it is tully integrated with an assess-
ment function—each learner continues to do the practice activities for each of
the KSAs in his or her part of the task until the established criteria {usually for
accuracy and/or speed of performance) are attained. At that point, a record of
the attainment is automatically entered into the learner’s file, tme is unfrozen
for the game, and the player uses the KSAs Jjust acquired to perform his or
her part of the task, undl additional coaching or instruction is needed. This
cycle of game play-—instruction/assessment, and game play again—is repeated
throughout the game, wtilizing both criterion-referenced testing (Cronbach,
1970; Glaser, 1963; Haertel, 1985} and mastery learning {Block, 1971; Bloom,
1968; Carroll, 1963).

It 13 important to note that the practice and accompanying criteria include
the full range of divergence (Merrill, Reigeluth, & Faust, 1979} expected 1 the

real world (for skills and understandings), the level of antomatization (Anderson,
1983, 1996) required in the real world (for memorization and lower-level skills),
and the level of consolidation (Kamradt & Kamrady, 1999) required in the real
world (for attitudes and values).

Principle 1.5: Feedback

The game has four mgjor kinds of feedback. Foremost is natural consequerices
(Baek, 2009), which are built into the logic of the game. This is a major aspect
of experiential learning and promotes a variety of higher-order thinking skills,
including anticipation, diagnesis, and strategic planning. A second land of feed-
back is explanations of natural consequences of the learner’s actions and of other
learners’ perspectives and actions that are relevant to the learner’s performance,
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The action is often reviewed wath “instant replays” from a “gOQ’S—EVC view™
that encompasses the learner’s role and other relevant roles. The virtual mentor
ides this feedback either upon request of the learner or whén the system
PIOV mmed to offer it (at which point the learner can reject it). Flowever,
Zirgz of fe.edback is only provided when it does not interrupt the flow of
theffﬁii& kind of feedback is debriefing (Fanning & Gaba, 2@07; .M.cDonr}ell,
obe, & Desmukes, 1997; Raemer, Andersor?, Cheng, Fanning, Nadkaml, &
gavoldelli, 2011), which is similar to explanatmn.s except that the virtual men-
rovides it at the end of an episode (which is a part of the w'vhﬂle task. fc?r
tm'pen level of difficulty). The virtual mentor attempts to cultivate heuristic
jei:;ning and mentat model formation by eliciting or providing elxplarfmi;m
about the performances, not just performances of the learner, but also of other
characters involved in that episode of the task, as well as contextual factors and
Cu]‘]::iﬁ]lliuie;rrlediate feedback is provided %n the scaﬁo]ding. This feedback‘ is
often given in the form of hints or explanam'ons of causal 111ﬂuenc;es or rleasomng
to ENCOUTAZe IMOTe ACHve COZNItve Processing and 'menta} m-Od}T \deve fjpn-len;i
but it may also take the form of simple confirmation, and it has motivation

elements when warranted.

Principle 1.6: Motivation

Motivation is key to the acceleration and qual.ity of iea\mil.lg. A motwatecli_) laiarnclelr
is enthusiastic, engaged, focused, and per.s.lstent {Garris, Ah}efi ,& . nﬂj i,
2002), and games foster these traits by inducxng a state of low ((sz1 sietr;tﬁﬂnzi C
1990) for extended periods of time. Various aspects of games stimula usic
and extrinsic motivation. Malone and Lepper (.]9‘87) argue Ehat.gam;as p;or ore
intrinsic motivation through chalienge (pro'wdmg optimal dlﬁﬁ‘? tyo ;} e
player), curiosity (providing novelty, uncestainty of Othc?mefs, an mcin iking
with existing mentat models), conirol (promotmg a sense 0 a%ency o
on challenges), and fantasy (providing an appealing setting and a competling
. Xt . . . -

mr:?r‘:}iciilcie,)many elemenis of games contribute, to extrinsic rgom\;iit;(s;
Ome element is scorckeeping.” The quality of the tearner’s perfm?mnc?e 1Cs1 erf; o
by a score that is often displayed continu(?usly or at the end of ljn:f}:;e maypajlm
In 2 multiplayer game, each player has his or her own score, -u ¢

be a team score. The score may take the form opromts org;)l}ijgi:;t}:so(;;;;,s e

i “urre or a variety of other forms, Peer reco . :
::;j l‘tr):w}illi;lgtggt)ivating, 50 5;nds'vidual and team achievements in multiplayer

online games are often posted for all to see.

new tools

g & F Ip
L i, LEpOr aspect o, 5[1Il(fblldl dejrimllm’.‘ as deseribed in Chapter 13
ditors’ sote: S orek('e_p ng 15 adn impo, tant dspe f
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Motivation is enhanced by wlleboration with others

through personal fitend-
ships and loyaltes, peer recognition, not wanting to let down one’s te

and for some people, the need for affiliation (McClelland, 1976). Collaboration
is appropriate when the real-world task itself entails collaboration. Motivation i
also enhanced by the authenticity and relevance of the scenario and role {Jonassen,
Howland, Marra, & Crismond, 2008). Most people want to be successful ip

their tives, so the more authentic and relevant the task ic to the reat world, the
more motivated they tend to be.

ammates,

Finally, motivation is enhanced by building confidence through appropriate
levels of difficulty (Keller, 1983, 1987}, Confidence, or expectancy for suc-
cess, is an important motivator for learning, Receiving traning that is within
their zone of proximal development (Vygowsky, 1978) is mmportant to building
fearners’ expectancy for success, and the levels of difficulty help to keep instruc-
tion within their zone of proximal development. Table 8.1 shows a summary
of the six principles in Category 1. In the next section, we describe tniversal

TABLE 8.1 Sammary of Principles in Category 1: Creating a Vision of the Game

A holistic, “fuzzy” vision of the game based on the following six principles grides
des:gn decisions regarding the game space and the instructional space.

1.1 Learning goals Specify what the learner will know, be able to do, and
feel as a result of undergoing the game-based leaming
experience,

1.2 Authenticity The dimensions of anthenticity should be consistent with

whole, real-world tasks, including portrayal of values,
attitudes, beliefs, and cultures and provision of situational
understandings.

A game should be designed as a series of levels of mcreasing

complexity and difficulty, each of which must be mastered

before the next level is “unlocked.” Tach level i a version

of the task and i made wp of many individual performances

of the task that share the characteristics of that version,

game’s scatfolding encompasses all aspects thac are

mastery assessment intended to enhance the effectiveness and efficiency of

learning. Support may be provided to the player “Just in
tme,” or it can be miggered by certain player actions, or
the player can request it at any time.

1.5 Feedback A game has four different kinds of feedback: natural
consequences of decistons/actions, explanations,
debriefing, and immediate feedback in the form of hine
or explanations of causal infiuences or Teasomng,

Various aspects of games stimulate intrinsic and extrinsic
motivation. Motivation may be enhanced by collaboration
with others, authenticity and relevance of the scenario and
role, and confidence or expectancy for success.

1.3 Tevels of difficulty

1.4 Seaffolding and A

1.6 Motivation
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principles related to the elements that create the game space in which play and

Jearning occur.

Category 2: Designing the Game Space

To transform the fuzzy vision into a designed learning environmﬁznt, designers
must understand the game space, the essential elen.ients that comprise that space,
and the kinds of decisions they must make regarding those CI.Can[S.

The game space (s the context in which the vules of a gare pertm.n. The game space
may encircle a Titeral space (e.g., a board, ﬁeld,.or scref:n) or simply bf: an ag—fee‘_
ment among people to play, thereby transﬂfomnng their shared space into a magic
circle (Huizinga, 1955; Klabbers, 2009). From a sysFems perSPe(T‘thB, the magic
circle 1s 2 boundary which players cross to engagfa with and 'WH.:h}n the garr%e Sys—
tern. The game space created by designers contains the potential for experiences
chat are realized through rule-based play. .

The elements of the ganie space are all of the aspects of t{re game tf?at st be desggned
in order to create the newssary conditions for the game experience. Vardous gegnc {.leglgn_
ers and game scholars have described the ﬂements of the game space zl dlﬁ;e;:;T
ways but with some consistency in terminalogy and meaning (Avedon, . d
Brathwaite & Schreiber, 2009; Koster, 2003; Schell,-ZOOS). We hav‘c syr}ch‘-:sne,
these attemps to identify standard game elements, using as a fOuI}.dat'l()]’l_]arV]_[}lle]l s
(2008) approach, which is based on a th_orough ctmpmgﬁ analysis odfi ove:l a kjm;
dred games of varicus types. Ouur intent is to promdev gluda.nce: regar ng. ; e}‘ !
of decisions that instructional designess must make in desllgmng garmes ‘. ot learn-
ing. Therefore, we focus on the elements that must be designed rathér imn asj:emf
that emerge during the game experience. Ff)r example, game sl:at.e it e‘ cin 1%:10 )
ration of game elements at a given time during game_pl.ayl. Itis an unplortan :sg 1
of gameplay and is useful in analyzing gam.eplay, but it 15 not dm:ct_ g criezl (; }lesy
the game designers. The ten elements we discuss are goals, gamFe mec danei.d,mdcs \
players, environment, objects, information, tc-,:’chnology, narrative, as;l . ad e 0.{

There is no single standard or “correct” way .to ?mdem}(e the N estig Lo

a game, The elements of a game system are so %ntrlcately inker-re (,lte ! e
decisions regarding one infiuence decisions regarding othess. Son;le %am u
conceived based on theme or scenario, while others are born of ‘t 3 (;ls:gj,zen_
desire to explore a (set of) mechanic(s). Ifthe Purpose of the ga.meA inc zmethmg.
ity transformation (not only learning something but also be@m;gg 69 e the,
see Brown & Duguid, 2000; Gee, 2003, Shaffer, 2008; S.qmre,; .for)t,he e
designers may choose to begin by determining an appropriate roie

Principle 2.1: Goals

] i hes the
The goal of a game is to achieve a configuration of game elements .t.'lmr ;r:tc;; o
) -5 for learn: ozl arm
winiing state defined in the rules. In games for learming, the g
g -
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should require accomplishment of the learning goals identified in the vision of
the game. Therefore, the actions and strategies needed to succeed in the game
should be aligned with those needed o achieve the desired learning outcomes.
This kind of activity-goal alignment also helps to ensure that the game ¢le.
ments that are intended to increase engagement and motivaton do not distract
from the meaningfulness of the activities from a learning perspective (Sheleon &
Scoresby, 2011). If » player is able to achieve the goal of the game withone
also achieving the desired learmning outcomes, this is g desigr failure thae calls
for redesign. Thig design failure is avoided by making the goals and tasks of the
game functionally the same as the goals and tasks tha the learner must attain in
the post-instructional environment {the principle of authenticity).

The subgoals of 2 game can be conceived ag two types. The most comman
conception is refated to subtasks whereby the performance of all subtasks is com-
bined to perform the task, and the achievement of 3] subgoals Is combined 1o
achieve the goal of the game. The second conceprion is related to typical games
i which players master one level before maving on to another level of the
game. In this conception, each subgoal represents a different level-—a ditferent
version of the rask corresponding to progressively higher levels of complexity or
difficulty. Therefore, design decisions regarding goals and subgoals may be infly-
enced primarily by the universal principles of auchenticity, levels of difftculty,
and motivation,

To facilitate integration and transter, goals should require the completion
of whole, authentic tasks that have an appropriate degree of fidelity with the
real world. Subgoals should be creared for the various levels of difficulty within
and across task classes. These subgoals should be obtainable only by completing
interesting and challenging tasks of optimal difficulty for the player. The player's
mtrinsic motivation is fueled by cycles of acquining abilities and tocls required
to complete the tasks, developing skillfulness throngh repeated attemipts at the
tasks, and finalty achieving the subgoal through mastery.

Principle 2.2: Game mechanics

The term game mechanics is commonly used in: the field of ganie design, bue theze
seems to be no standard definition (Lundgren & Bjork, 2003; Sicare, 2008),
Avedon (1971) makes a clear distinction between mechanics and rules, wich
mechanics being a “procednre for action” and rules governing the action and
the results. This distinction is usefy] for designers as it facilitaces thinking about
an action separate from all of the possible constraints on and outcomes of that action,
which may vary greatly from game to game,

Following this approach, 4 game mechasic is an action governed by rules that g
player may take with or on one or more other garme elewments. It is Important to note
that 2 mechanic may consist of several discrete actions combined into a pro-
cedure. A mechanic usually involves several elements at once, often including
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the player’s avatar, one or more game (?bjects, .t.he game cr‘l.viror.lme?t, :.md‘ the
sssociated rules. Kinds of game mechanics are discussed as situationa principles
o dl:ilgl?]igi;fﬁ‘?l%:t{::;bi‘fl;; game mechanics, players come to understand the
un:lleﬂ;ini, rules of the game and to.formulatc strategic§ for Eeveraginf thoge
rules. It follows that instructional demgns:rs shqlﬂd conceive '0 or tran}i ate the
desired learning outcomes into actions (including cogn.mve_ actions) that fO@
the basis for playing the game (the princi}_ﬂe of authenﬂcxty), The range of possi-
ble actions and the rules for the results of the:s‘e actions should br? .d%re‘ctlydrel;_zted
to the prior actainments of the learner and his or her current abilities and skills,

Principle 2.3: Rules

Rules define the possibilities of and constraints on gfm'ons ina gaéne, a;l el a_;] the- rewang
and penalties for those actions. Thus, they are tightly bo.un.1 wz; m‘('fc amcs,n:inn
together these elements make different games bot}} 5‘11111 'ar {by umrixg] }fom lao
mechanics) and unique (by governing their se in d1stzr‘1ct1ve \\jays). he.n p -
ers encounter a mechanic, they have certain expectauo?s‘ base];:'l on ¢ etn- p?}(:i
experiences with that mechanic in other games. Thei?t}o] S,bw f_;E crre:njf the
rules of 2 game, designers often rely on precedent estgb ishe y‘i e gdeSi "
then tweak their mechanics and rules to fit t'hc part}ctz]ar gam»th eing ;gna mi
Instructional games may further need to align their rules wig houtc‘onileles "
feedback consistent with the real world to promote iransfer (the princip

authenticiry and feedback).

Principle 2.4: Players

ic o wid the
The players are the individuals who choose to enter the magic drele and m;ci'ergf
" ide w i ingle-player
experierice of a game. Designers must decide whether a game will be single I;? hy !
+, an ' rati . Thes
or multiplayer, and if the latter, the possible configurations of players hese
fon | P i ation
configuration patterns may include NPCs and other players in cooper
fad
ition (s : 71).
competition (see Avedon, 19 . | e
(Ezme dynamics are the emergent patterns of interplay betiveen mechamai, i ,t e
i ate desi ment.
players, and for this reason are not discussed as a separate dcslg?ed e et o
e fhng i mentioned in the rules, It is a strategy
er, for le, bluffing is not mentioned ir :
B e i i i specified mechanics and rules
; ayers interacting with the specifi _
emerged as a result of players in the ed mech e
of thf:g game. Game balancing is the ant of designing the relotionships amoeng k C{
s o fesi el s no stan
the elements of q game fo promote the desired pame experience, Thgre - It‘mfiidzt;g N
i . : !
process for balancing a game other than the use of playtesting, y y(mme ¢
a method used throughout the game design process fo sysr(nm{!cally Iestt 1;h0d l
i ¥ sting 1 mmportant
ir relati to each other. Playtesting is an : -
ments and theiv relationships . D fonet arith each
ining w > * interactions with game mechani wi
determining whether players’ iny . : e
other) are resulting in unexpected dynamics and undesired exp
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Principle 2.5: Environment

The envivonment is the setting in which the action of the game takes Place and the
diegetic objects (see Objects below) of the ganie eside. Video Bame environmengg
may have numerous settings, such as the spaceship and locations on several plan-.
ets in Mass Effec (BioWare Corp., 2007). Aspeets of the environment include
stricture, dimensionality, physics, and time, and these are discussed as sttuation
principles for designing the game space.

al

Principle 2.6: Objects

Crame objects are the omponents of the game syster that exibody and enable the game
mechanics or are affected by the player’s use of the game mechanics. Diegetic objects
exist in the game setting and, when the game includes an avatar, are accessible (g
the avatar. Non-diegetic objects exist outside the game setting and are accessible
to the player but not to the avatar, mainly through the virtual {on~screen) inter-
face. These may include menus, heads-up displays (HUDs), and other means of
obtiining information about or controlling the game.

Objects have properties (or attributes) with either static or dynamic states
{Schell, 2008). For example, a gun may have 4 static property for the amount
of ammunition it can hold and a dynamic property for the amount of ammuni-
tion it currently holds. In order to be usable, objects should have affordances
{Norman, 1988) that make apparent how the object is used.

Principle 2.7 Information

Gameplay is goal-directed and rule-based action within a system. Every action
creates a change in the state of the game system. Players’ decisions regarding
actions are guided by the availsble information about the game state. Many
game objects are conduits for information, which may be presented as text
{e.g., a popup window with instructions; a letter from a NPC), icons (e.g., an
icon that indicates which weapon is currently active; a health meter), or vasual/
aural attributes of objects that serve as cues of state (e.g., a clicking sound to
indicate that the chosen door is locked). Five types of information may be
available to the player—information about avatats, objects, events, environ-
ment, and system; these are discussed as situarional principles for designing the
game space.

Principle 2,8: Technology

Equipment consists of the physical pieces requtired to play the game. Video game equip-
ment generally includes some sort of computing device (a platform), a screen and
speakex(s), and a physical interfuce for interacting with the game syster, usully via
a virtual interface designed to enable the particular mechanics of the game.
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Other technology considerations for video games igclude a getwgrk and
data storage. A network is a group of conn;cted devices that, in th1§ case,
fcilitates multiplayer game experiences. In video games, data sterage is nsed
.to preserve game state and game history, Data may be stored locally {on the
gaming device), portably {on a memory card), or remotely (on a server), For
Jearning games in particular, designers.sh()l}?'d ensure that r.cl’c,‘vant performance
data are captured and stored for analysis as 1?1ter'act1on tr;%lls (Myers, 2012y, 1f
the game is designed so that the learning objectives are directly t1§d £o thevuse
of game mechanics, capturing data for these events alone may provide sufficient

evidence of mastery.

principle 2.9: Narrative

A narrative is a sequence of events tha tells a story. Frlom 1 learning perspective, Fhe
use of narrative in games utilizes the power of episodic memoty for structlm_‘ng
and storing our experiences as narratives {Bruner, 1?91). Designing a g;me th
a clear narrative stracture, especially a monf)mythlc patten? »such as tfe hero’s
journey described by Campbeil (1963), provldf:s. botha fa:mharf frame for ;xpem
rence (an idea of what to expect) and a cogmuve frame of reference (schema)
all.
N P;}‘::f:: ct;(te’i)arrative in a game may be inﬂuenced by game genre, for exan;—
ple, a first-person shoater game such as Halo (Mllcrosoft C?q_}}?latmé’ 20;) }
may have some narrative trappings like a onewd.xmensmn.a (,’ a.r‘acte.r an ni
simple, linear plot held together by cut scenes ('t)nf,f non-lrftzractn;e ml—g;u_ ¢
movies that move the plot forward), but it is primarily focused on eveloping
skills associated with game mechanics; on the foth.er hand, a role—pilaymg ‘gage
such as Oblivien (Bethesda Softworks, 2006) is likely to have a’ LLlstc?nuLa ;
avatar and muldple storylines that vary acc()rdmg to the plyet’s ac‘niolns an
choices. But even within a particular genre, narrative may be employed in very
iffere ays. ' .
d]ﬁnét;z:-:\t;eiigners have tremendouns leeway in deciding how to (1n(;)c?rjp;0;t:
narrative into a game. For example, a narrative structure {or p!it) ;n(gt ca S?ngl;
branching, or foldback (with multiple branches that all eventa:;l v lea ngs anee
event [Adams, 2010} and may use devices like ﬂash.bgcks an <-:ut sc\e ¢ v;mth e
narratives are often divided into episodes (levels/missions/quests), eac
own buildup of dramatic tension and release. o e
Games often require the player to assume a role within the narrativ o
take action in a manner consistent with chat role. Shaffer {2006) has all;ug:e&am;
a player’s role in a game for learning shouid be bésecl on an eﬁlsse - epis_,
which he defines as a set of “skills, knowledge, 1§ent1nes,,y uesl,z( e
temology that professionals use to thin.k. m innovative \(N)I—JYS ~(ile O)I.Dti;n pl
this approach is related to the auth@gaty of a game.ld nf’vxt;;} e ot
game designers is to begin by identifying the real-world rote,
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its epistemic frame, and the whale set of tasks associated with the role, These
constraints can then be used to determine the game mechanics and riles (which
the player experiences as causal dynamics within the game) thar will enable the
player to develop proficiency in thinking and acting in the role. With these key
decisions made, the designers can envision a scenario that provides a context for
the role and mechanics. As the design process proceeds, decisions regarding the
sequencing of tasks and Tevels of dificulty wilt influence the CIIEIEING Narrative
structure, and the original fuzzy vision of the game will come into sharper focys,

Game designers should also consider the roles that miight be played by NPy,
The most common roles for NPCs are adversaries, teammates, and information
sources. As adversaries, NPCs provide obstacles that the player must overcome
i order to reach goals. The level of difficulty may be adjusted by changing the
number of adversaries or by changing the skill levels of the adversaries. Sirnilarly,
NPCs as teammates can also be used to adjust difficulty by having them provide
more or less assistance. In some games, the player may make high-leve! tacti-
cal decisions about the placement and actions of NPC teammumates in order to
Carry out strategies. NPCy {either adversaries or tearimates) may alse fitncton as

information sources, although the player may need to judge the trustworthiness
of the NPC,

Principle 2.70: Aesthetics

For the purposes of this discussion, aesthetics refers to the emotional responses and
fele experiences (McCarthy & Wiight, 2004) that arise in the player(sy through
interaction with/in the game system. Design decisions for all of the other game
components create the overall aesthetic experience of the game, so deciding
how a player will feel while playing the game is a crucial part of the fuzzy vision
carly in the design of the game. Hunicke, LeBlane, and Zuhek (2004) proposed
a short list of terms for describing the aesthetics of games, including feelings
of challenge (game as obstacle course), fellowship (game a3 social framework),
discovery (game as uncharted teITitory), expression (game as selt-discovery), and
fantasy (game as make-believe). Naturally, more than one of these feelings may
be present at any given time, and all may occur throughout gameplay. If che
game follows a narrative, the type and timing of events and their emotional flow
may be dictated by the story arc.

Decisions regarding aesthetics are directly influenced by the degree of authen-
ticity required to achieve learning and transfer. The dimensions of authenticiey
discussed zbove should be consistent in their levels of realism {(or tidelity),
where realism ranges from abstract to realistic. Types of realism include physi-
cal (feels real), perceptual (seems real), functional {acts real), cognitive (matches
mental model), and emotional {evokes reality). In general, novices benefit fom
initial lower fidelity (to reduce cognitive load and promote automaticity), but
as they approach mastery, higher fidelity promotes transfer.
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A game is a designed experience comprised O.f tbe ten elements described
above and summarized in Table 8.2. When dcs.lgnmg theﬁe elements, game
designers can create the conditions‘ for th‘cl desived experience l?.y applymg
the six universal principles for creating a vision of the game described in the

revious section. Through this process, designers gradually refme the. fuzz‘y
vision of the game. However, as with any n.nediurn.used for instruction, in
games special aitention must be giveg to the mstructlon‘iﬂ methods to‘ ensmje
that players attain the learning objectives. In the next sectilon, we descnb'e uni-
versal principles related to the elements of the scaffolding and strategies for

promoting the desired KSAs.

Category 3: Designing the Instructional Space

The instructional space of a game for learm?g (:*onsis{s of three majpz typesh of
scaffolding: adjusting, coaching, and mstracting. Ther(:: are four majlc;r mec zllm
pisms for deciding when to use these types of :?cat’ftéitﬂ{ng; th}i ﬁert d ree.app;r
to adjusting and coaching, and all four apply to mstru.cm?lg_ Fhe first is xmw.emz \
which, if the authentic situation alows, is offered Wlthm the game Sgen?notho
prepare the player for a new situation be.fore thfi action starts, or even during aue
action. The second is triggesed, in which its use is ba.se'd on (%ert;un evlents (uiu : y
a mistake made by the player). The third is requested, in which the p a?re; asks 101'
it wihen he or she feels the need for a litile helP to perform ;%part of hzs/b ir}r(; ;:e
Finally, the virtual mentor could suggest pausing for some instruction but le

the decision up to the player.

Principle 3.1: Adjusting |
The least intrusive type of instructional support is a varifzty of S?aﬂ-ﬁ}d;:;g
(Cazden, 1983; Wood, Bruner, & Ross, 1976} that 1s. achlevetfl byhacj?: erg
aspects of the game to provide an ;1ppropa:'mFe level of difficulty or’t elpde); e;
The intent is to place the player within .h1s or her zone o.f pm.leibehind
lopment (Vygotsky, 1978). It is the least intrusive bccause ’1t oclc_urs behind
the scenes,” leaving the player vnaware that any instructional supp

ided. . . "
bee{r\ld?;‘s)t‘ir;g should be used when a task or part of a task (epzpdc;);s :Jc;n ccl)lfe
ficult for a player to learn Withc;ut suppo.rt,t asci;ngg aTshtehL i iujf aij—].;sunent

' uwse than either coaching or instru s ind

iicci}ee?c: :COC()I;modatc the learner depends on .the Particula.r 51Fulat1(;n; il;j;i:g
the major kinds of adjusting are discussed as situational principles fo

the instructional space.

i+ 0, A SR et st i (SIS in hapters 1, 3 'Principle 1),
Editors’ note! Qcﬂahﬁn in task-centered instruciion {5 also discussed in Ch prers 1, ( P
k 1 ot o g :

4 {Prmcip.’e _?) & (P!’l'll[l}:}f’ 6), and 13 (}DHUCTPI,E 3)



TABLE 8.2 Summary of Principles i Category 2: Designing the Game Space

The game space is the context in which the rules of 3 game perain. The following tep

elements of the game space are all aspects of the game th
create the necessary conditions for the game experience.

21 Goals

2.2 Game mechanics

23 Rules

2.4 Players

23 Environment

2.6 Objects

2.7 Information

2.8 Technology

2.9 Narratve

210  Aesthetics

The goal of the game should require accomplishment of
the learning goals idencified in the vision of the gaine.
Therefore, the actions and strategies needed to succeed
iz the game should be aligned with those needed to
achieve the desired learning ouscomes.

Through interaction with game mechanics, players
come to understand the underlying rules of the game
and to formulate strategies for leveraging those rules,
Instructional designers should conceive of or translate
the desired learning outcomes into actions (inclhuding
cognitive actions) that form the basis for playing
the game.

Ruules define the possibilides and constraing on actions in
a game. They should generate outcomes and feedback
consistent with the real world to promote wansfer.

A player may engage with the game either alone or in
competition or coaperation with other players and
nop-player characters.

The game environment is the setting(s) in which the
action of the game takes place. Design decisions
regarding the environment aze mfluenced by the
learning goals, the appropriate degree of fideliry, and
the type or genre of game.

Game objects are the components of the game systemn that
embody and enable the game mechanics or are affected
by the player’s use of the game mechanics.

Games provide several types of information that players
use to make decisions regarding which actons or
choices will lead toward 4 goal.

Equipment consists of the physical pieces required to play
the game and may include a computing device with
various forms of mput and output, a network, and
data storage.

A marrative sructure can provide bath 3 familiar frame for
experience and a cognitive frame of reference {schemay}
ta promote recall.

Aesthetics refers to the emotional responses and felt
experiences that arise in the player{s) through
nteraction with/in the game systern. Design decisions
for all of the other game coimponents create the overall

aesthetic experience of the game.

at must be designed in order o
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principle 3.2: Coaching’

Coaching (Nowack & Wimer, 1997} is def'med here as another form of scaffold-
ing that provides cognitive and/or emotional Support to the player, anc-l akso
pre{crab§y a human element that is performed by a virtual mcntgr. It I_JI"JlTlH.I‘—
ily entals providing information or tip.s to the player,.though it Can.lnclude
providing a short demonstration of 2 Skll-l. More extensnfe dem:?nstratlc')ns and

ractice with feedback go beyond coaching and are ":ons%clereld instructing, T.o
1;nhancae authenticity, coaching usually requires freezing time in the game, as in

“Hime-out’” in SPorts sCrimimages.
a Eliliz ;zlflzsting})coachjng should be used v.vhen a task or part of a task (episode)
is too difficult for a learner to accomplish WTtho.ut supgort, s }.ong as Fhe C(?ach-
ing is more efficient to use than either adjustmg or instructing. It 35 typically
used when the player needs only a littie hf.zlp. Larger amounts of help are best
provided through adiusting and/or instructing, A

Coaching is most often provided or requested before or .dunng a perfor-

mance episode. It can also be provided after a pcrformgnce in the f()l’ll.l of ;
debriefing or reflection on aceion to learn from the experience. Whep umycr;
coaching is authentic to the task, it can be don.e without freezing ‘Flme in t e
game. Hawever, triggered and requested coachmgr -commonly r:::qun-e fre.ezu.lg
time to provide the coaching, due to the inauthent.lcuy of providing coachmg in
the middle of a performance. For requested coaching, th.e player asks a question
of the virtual mentor or asks for clarification or elaboration, so the system must
be able to undesstand and respond appropriately, or a menu—(_inven sylstem n:iust
be in place for making requests for coaching. i;mda of coaching are discussed as
situational principles for designing the instructional space.

Principle 3.3: Instructing

i 'OV ith
Instructing is a kind of support for learning that provides the player W
approp1i1£e activities for learning, as well as information to promote lea;ning
L : just-in-ti i at it
(Merrill, 2013). All instruction should be just-in-time JIas, meam}r}lg t ; ‘n
- ) . . N - . 1
only teaches KSAs that che player will use in the next episode of the tas
the game. ‘ o L
Instructing should be used just-in-time whenever a significant iﬂn'lsfu t °
i i tgnific OTINa-
learning effort is required. This may include a significant amount ;ﬁ} o
ng effor : ant 2 Hor
tion to be memorized, a difficult understanding to be acquired, a liffic o
. o N
to be acquired, including appropriate levels of transfer and automatizatio:
significant attitude change to be made.

- 1 HEE f i oL i oine Cl‘t!fm‘f in
* Edifors’ neie: (“Dachl‘ﬂg is a natural part ﬂf task-centered instruction and Js discus ed in s
Hors He: g ?

C’?(IPIETS 1 (PT!! CL‘!)IE 2), 3 (pi 'ncipt’e 4), and 10 (rllwughout}.
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TABLE 8.3 Summary of Principles in Category 3: Designing the Inscruetional Space

The instructional space of 2 game for learning consists of three major

types of
scaffolding: adjusting, coaching, and INStructing.

31 Adpisung "The purpose of adjusting aspects of the game is to provide an
appropriate level of difficulty for the player thereby pl
player in his or her zone of proximal development.

Coaching is defined here s a form of scaffolding that provides
cognitive and/or emotional support to the player by broviding
information, tips, or a short demonstration.

3.3 Instructing Instructing should be used just-in-time whenever 3 significant
amount of learning effort is required. This may include a
signiticant amount of information to be memorized. a difficule
undesstanding to be acquired, a difficult skill to be acquired,
meluding appropriate levels of ransfer and automatization, or 3
signihicant actitude change to be made.

acing the

3.2 Coaching

There is a variety of formats in which the instruction can occur, each of
which exists on a continuum. One continuum is pari-task selection,
concerns whether the system diagnoses each player’s needs regarding
nstruction on one extreme or just teaches all the part-tasks to all players in
2 given role on the other extreme. A midpoint on this continuum is for the
instruction on each part-task to starc with medium-difficulty pracrice (with
teedback) using a computer-adaptive testing algorithm, and then provide
richer instruction as needed. A second continuum for format is use of a virtual
menter, which ranges from extensive use of virtual mentor at ail st

instruction to no use of a virtual mentor for any stages of it. A
tinuum is infegration with the

which

ages of the
third con-
game, which ranges from the instroction taking
place as a natural activity within the game (o pausing the game and offering
the instruction completely separately and decontextualized, other than the
player knowing that he or she will need to learn the KSAs to succeed in the
next episode of the game.

Table 8.3 shows a summary of the three principles in this ¢
kinds of instructional strategies used depend on the
therefore, these are discussed as situationai
tional space,

ategory. The
kinds of learning required;
principles for designing the instrizc-

IV. Situational Principles

Some of the universal principles described above for designing the game and
Instractional spaces require furcher guidance in their application because certain

design decisions are necessary only n some sitvations (Reigeluth & Carr-
Chellman, 2009),
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Category 4: Considerations for Designing the Game Space

Situational principles for the game space include kinds of game mechanics, parts
f the game environment, and kinds of information available to the learner.
o ¢ ’

principle 4.1: Kinds of game mechanics

The literature contains many proposed classifications of gam.e H?eChapics
(Jirvinen, 2008; Salen & Zimmerman, 2004; Sicart, 2008). In tl‘ns discussion,
the classification consists of three types: core, compound, and peripheral,

Cove mechanics are mosi fundamental (n accomplishing the goal(s.) of the game. 1f
a player fails to master a core mechanic, h? or she cannot a(,jh:eve the goal(s)
of the game. Core mechanics should be 1nt.r0duced early in the game and
recur frequently. Therefore, they should qulck.ly b.ecome. Sklﬂ-b:-iscd {anto-
matic) through practice, including part-task practice in the instructional s_pa.ce,
if necessary. Sometimes it may be desirable to cha]lenge gﬁaye.trs by modifying
3 care mechanic (or the elements upen which it ac.ts). once it ha% bcen mas-
tered. For example, once a player has mastered the~ d.meg mechanic ina video
gaime, a faster car may become available that requires increased proficiency by
thegclr(:;;md mechanics consist of two or more core mecharnics combined by a rule.
They are also necessary in accomplishing the goal{s) of the game, but they r;fuz
less frequensly. They may remain rule-based or become skill-based, dependng
on the availability of practice for the player. For example, a player.ma.y need to
tearn how to use the driving mechanic and the shooting mechanic simultane-
ously to solve a problem and proceed toward t.he e'nd stage o.f rhe gafme. 0 of

Peripheral mechanics are optional or nen-vital in acomplishing t'.']i gocal (5. )
the game. They are usually novel (non-recurrent‘) and kl?o’wledge‘—Basel ([1.6:.[;1
require more cognitive processing). For example, in Assassin’s Creed: rof refr wos
(Ubisoft, 2010) if the player’s avatar enters a body of water, a prgm;;tl in on:r
the player about which game controls to use to make the avatar swim. However,
swimming is not necessary to achieve the end state of the game. ) .

Fabricatore (2007) describes a progression .of .mech.amcs usage. Fhlrst, ;1 Z
player must learn the mechanic itsclthow‘ it is achieved u51_nlg t g gand
controls—and then gain some proficiency with it through praLuc.e‘:. c;c?her;
the player must recognize an appropriate time sq use the mec}—lamu an hen
use it to achieve an end. Third, the player must increase proﬁc‘zenq.r wi e
mechanic in order to use it in more complex situations (sometimes in 1(:;}13 i
nation with other mechanies) to achieve a subgoal of the game. This 1? o
elaboration is common in video games {Gee, 2003) and is usually associa

1 ithculty. ‘
Wltgtj(f:ii (;;ic me(zanics are the elemental bui]cii.ng‘blocks of games, f;e:gr;
decisions should be guided by all six universal principles used in creating
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vision of the game. Mechanics should function as they do in the real world
and provide authentic feedback if their use is to transter «
contexr. Decisions regarding the progression of mech
above should be informed by the concepts relevant o

utside the game
anics usage described
designing levels of dif.
ficulty (e.g., cognitive load, simplifying conditions, etc.). If players are unable
to master core mechanics through practice in the game, the scaffolding shoyly

provide appropriate assistance in the game or part-task practice until mastery
is achieved.

Principle 4.2: Parts of the game environment
In designing the game environment, four main aspects must be considered:

structure, dimensionality, physics, and time. Movement in a gune is deter-

mined by two primary aspects of the environment., First, the structire of the

enviropment may be discrete or continuous {or a combination of the two). In
the video game Mass Effect (BioWare Corp. 2007), the environment is divided
nto large discrete locations, Movement between locations (e.g., from planet
to planer) is similar to moving from square to squ

are in a board game, that i,
Jumping from one place to

another. Movement within those locations i con-
tinsous, with the player using a control

location with few constraints.

The second aspect of the environment that
ality. An enviroament m

ler to move his avatar to explore the

affects movement is dimension.-
ay be linear (1D), rectilinear, 2D, or 3D (Bjork &
Helopainen, 2005). In many board games, the player’s
around the board. In 2 recrilinear environment, movement is constrained
to paths between nodes, which is the case in sirategy games such as Rish
where an army may only move into an adjacent region. Movement is limited
to two dimeusions in a 2D environment such as chess. M

take place in environments with three dimensions (30
nmovement,

token moves linearly

any video games
and fluid, continuous
Perspective or point of view in video games is the vantage from which the
player visually perceives the environment. Many simulation
use either an isometric or 2 top-down perspective, which
feeling of acting on the environment from above
By the eatly 19905, personal computer technol
three dimensions, and shooting games like
and Doom (id Software, 1993)
hallways

and strategy games
gives the player the
ather than i the environment.
ogy was capable of simulating
Wolfenstein 3D (id Software, 1992)
allowed players to maneuver avatars throngh
and rooms from a first-person perspective (hence the nam
shooter), albeit with a fairly narrow field of vision,
broadens the field of vision by moving out of
watching the avatar from a slightly removed pos

e furst-person
The third person perspective
1e avatar’s point of view and
ition. Many games now refer
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co this perspective metaphorically as a “camera” that can be moved around the
as though it were on 2 crane (Poole, 20()1.). Games may also allow the
;Yj;irr to switch between first- and third-person v1ew.s.> , e bl
While physics s an important aspect of some nf)n—dsg{tal game-.s. (e: ., billiards,
iddlywinks), many video games require a physics .f:ngme, \yh.lth 18 a computer
. Y. that handles the rules governing how objects in the envitonment move and
p"ﬂgmf';r' }or(e as in Angry Bfrc}s (Rovio Entertainment, 2009). A deeper explo-
respone Og-deslig,n ‘options for game physics is beyond the scope of this paper, but
irsls;ers should consider the degree of fidelity sequired to achieve the desired
jeammg;;;t::sm;: of the game environment is the rate at which game fime
] izc}tuul (25{)4} notes that the difference betwccp the real world and a game
PJS:Id is reflected in the “duality of play time (the time the player takes to play)
:;:211 event fime (the time taken in the game world)” (p. 131). Ever;t (tilmle in :11
game may be characterized as real, cesflpressed (speeded up), exten e }S EWT
down), or variable. The rate of event time may vary by cvent (e.g., slg ns‘j
of sleep for the avatar may pass in a few seconds), or evetr-nt D]-Ilne i"nay he manipy
lated by the designer to adjust difficulty and ch-fllleng.e 0:} 't ep ;yc?r_s e
Design decisions regarding the structure, .dlrnensmn 1t¥, p y;lC ,th o
of the game environment, along with the available perspecu:jzcgs) or zrp :nré
are greatly influenced by the learning goals of the game and the type or g
of game.

Principle 4.3: Kinds of information

. - -
Ii\r'e l'nﬂin kin(ls Of in{()mla,tion Illay be aualjab]ﬂ [¥e} [he p}ayel’““lnforma-tlo‘li
‘ ] | 1 : y3LE neral 1t 18
about avatars Ob.e(,ts, eVeIltS, enviy Onnlent, Aild system. In ge ™ 1 1
’ ] i 1 2 aCCes—
hclpflﬂ to thlnk Of the Plas— er’s ACCERS tO ]Hf()m‘l(}.non as be]ng 0n an [
‘ - 1 ‘ 1t C il’lg on a numoer
1‘ ] 1 h exact pOSlth dEPCR
s ble 1nacCc‘SSlble Contlnuum, the 1 d : 1 } ‘()
..
< 1 1 i § 1ty hO W I’Ilucb ﬁie pla‘y‘er V\‘Ou](i kIlHW 1n E]Ee leal—
fii tors lﬂ(.,]l dlng authcnt]c ( i . : ) -
WO , e. i 4 v 1 y thholdlﬂg Ormatio
i 1 iatbd) 16 61 Of d‘iﬂ:lcuit (m
ﬂd sifnation b lng ST N o ; : ot t ’ Ehl
can iﬂcreﬁse difﬁ(.ulty), and- Cognltwe loall (| (910 Inu(,ll lllfﬂmatlon Overlodéq

working memory).

v 1 ‘] C 8 b5 le an [y i te states Of t}le
® Informatl()n about avatars mn 'hld' § O d Al [1bu )S at. .
§ i e“‘igf.]l(.f efc. ) v =
a C SI0r S8 Ilg 3 Sp d, = 3 ‘
avatar (C.g., current Vahle f T Sire 1 Ce ni the imvcen
~ - . o
f . d i At10NS, d l . 2 t
l‘.Oly &} aVallable TesOurces an Qcations 3‘ nd the avat a.l s current C'a 101,
L Iﬂforttlanon about Ob_]E(ItS prirnﬁrﬂy ln(,hldes attrlbllte states .!eldted to
mec n F - - H H ]]
g 1 < ]e a nulnbel or a g aphlc rep g
AIE e(,ha 1C8. ror B‘Xclmp N o7 _ IC.Sei 1fation 1. £
indi(,;lte thL amount Of ATTUNUNIEON 51 a Weﬂponv \Vhl(:h mlgh p I -
l] y O 118 '(” iy } 7€ p 3 . p
ayer t 15¢ E e re (}{.Id echanic ot ] e siptich Capon 3 le(:lkd{n(: s eCIal
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type of information conveyed by objects is perceived affordance, an indicy.
tien of likely actions that may be taken with an abject (Norman, 1988).
® Information about events is of two types: feedback and nasrative.

¢ Feedback is the immediate result and consequences of the use of game
mechanics expressed in one or more sensory forms. In video games,
players learn the operational rules of a game by experimenting wich
game mechanics and interpreting the rocaning of the feedback.

a

Narrative information about events includes salient descriptions {or record-
ings) of past performance in the game, usually key events from levels/
missions/quests. It may also include backstory, cut scenes {nen-interactive
animated sequences that segue between playable sequences), listings of
pending missions, reminders of tasks to be completed, and other infor
mation related to the unfolding story.

Information about the environment includes maps of known and
accessible focations, It also includes sensory cues (e.g., lighting, music) that
convey the tone and mood of the environment, A well-designed environ-
ment creates in the player a sense of immersion and presence (Tamborini &
Skalskd, 2006).

* Information about the system includes indications of the current game
state and the available procedures at the system level, for example, entering
and leaving the game space, TelUmIng Lo a previous game state, accessing
the scaffolding, etc.

The principles for Category 4 are summarized in Table §.4.

Category 5: Considerations for Designing the
Instructional Space

Sttuational principles for the instructional space include kinds of adjusting, kinds
of coaching, and kinds of instructional strategies.

Principle 5.1: Kinds of adjusting

Three major kinds of adjusting include dithculty adjustment, artificiat prompts
or cues, and automated task performance.

Difficulty adjustment may be as simple as sequencing cases so that easier
cases are first, or preferably it may involve determining the learner’s cur-
rent zone of proximal development and adjusting the difficulty of the
case accordingly. The latter approach requires collecting data to assess the
learner’s ongoing performance and attainments,
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TABLE 8.4 Summnary of Principies in Category 4 Considerations for Designing the
Game Space

The following sitnational principles provide more precise guidance regarding the design
of three elements of the game space.

4.1 Kinds of game Core mechanics are most ﬁlrldanlentﬂ in accomplishing the
’ mechanics goal(s) of the game and should be mtr.oduccd.eaﬂy and
recor frequently. Compound mechanics consist of two
or mote core mechanics combined by a rule. Peripheral
mechanics are optional or non-vital.
42 Parts of the game The game environmcn‘t CO[-lSiStS_ of structng (discrete or
. environment conginuous}), d.imensmnah_ty {linear, ;ecnhnear, 2‘D, or 3D},
perspective (the player’s view), physics (how pbjects move)
and time {real, compressed, extended, or variable}.
4.3 Kinds of Information about avatars, objects, events, thc environment,
- information and the system may be more or less acccsmbk to the
plaver depending on authenticity, level of difficulty, and
cogninve foad.

l}

s Artificial prompts or cues (ones not present in an authentic case)lm;y
be provided to guide the learner’s performance, thougl_l these should be
removed from cases in which the learner will be summatively assessed.

s Automated task performance of parts of a task may help the {f’iﬂlﬁﬁﬂr to
see the actions and understanding required for a particular case. This may
be thought of as a partially worked example.

Principle 5.2: Kinds of coaching

iding i i iding a hint or tip, or
Coaching can take the form of providing information, providing a hint or tip

providing an understanding. [t 1s typically provided when the learner just needs

a little help to perform a part of his/her role.

e Providing information involves disdosun? bey('md wh?at is n;);rnn;aﬂg ;:izixl;
able to the leamner as described above in the discussion of kinds of orem t}m;
For example, the learner may be shown a map of the game emcfluomn
includes one or more locations that are not normally dlspieq'fc ) e

» Providing » hint or tip and pmviding an understandlr%gdg’o gourse.of
ther than providing information by guiding the learner t(-)wa‘r athe e of
action. The inquisitory form of this approach occurs 25 questlonfi to e
that help the leamer to discover an apprgprmte hint or \un e:stements, »
occurs in 2 Socratic dialogue. The expository for occurs s sta

visuals that provide the hint or stimulate the understanding.
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Principle 5.3: Kinds of tearning and appropriate
instructional strategies

While space precludes an in-depth discussion, below we address kinds of learning
that have the greatest impact on selection of instructional and assessment strategies.

#  Memorization of information (rote knowledge) is achieved most offec.
tively throngh drill and practice (Satisbury, 1990). Primary strategies for
instruction are to present what is to be memorized and to practice recailing
or recognizing it. Secondary strategies include repetition, chunking, spac-
g, prompting, and mnemonics.

* Application of skills (including higher-order thinking skills) is achieved
through tutorial instruction that includes demonstrations of the skill, usu-
ally simultaneously with the primary strategy of explanations (generalities),
and practice with immediate feedback uneil the player reaches the speci-
fied criteria for accuracy and speed of performance (Merrill, 1983; 2013;
Romiszowski, 2009},

® Understanding of causal relationships is developed through observa-
vion and manipulation of causes and/or effects (Cortigan & Denton, 199¢;
Perkins & Grotzer, 2005; Reigeluth, 1983). Primary strategies for instrac-
tion are acquisition through either exploration or telling and showing the
causal relationships, and application by providing opportunities to use the
cavsal relationships {practice) with immediate feedback.

¢ Understanding of natural processes is developed through observa-
tion of the sequence of events that comprise the natural process, as well as
descriptions of what preceded ot followed any given event (Reigeluth &
Schwartz, 1989). The primary strategies for instruction are to tell the player
what the events in the natural process are (generafity), show the player what
they are (demonstration), and provide opportunities for the player to use the
natural process (practice), wich immediate feedback.

* Conceptoal understanding is primarily a matter of understanding the
relationships among concepts. Different kinds of relationships constitute
different dimensions of understanding. The major types of relationships
inclade: superordinate, coordinate, and subordinate {in which the ConCEpts
may be either parts or kinds of each other), analogical, and experiential
(Reigeluth, 1983). The primary strategies for instruction ave to portray
the relationship (descriptiony and to provide opportunities for the player
to use the conceptual relationship (application), with immediate Jeedback.
Demonstrations or examples do not exist as they do for skills, causal under-
standing, and process understanding, but they are used whenever the
experiential refationship is important.

® Attitudes and values have three major components: coguitive, affective,
and psychomotor (or behavioral) (Kamradt & Kamrad, 1999). Each requires a
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TABLE 8.3 Summary of Principles in Category 5: Considerations for Designing the
Instructional Space

The following sitnational principles provide more precise guidance regarding the design
of the instructional space.

Difhculty adjustment may involve sequencing cases
from easier to more difficult or dynamically
adjusting, difficuity based on the learner’s current
zone of proximal development. Araficial prompts
or auitomated sk performance are adjustments
that may be wsed w scaffold the learner toward the
desired performance.

Coaching can tzke the form of providing information,
providing a hint or tip, or providing an
understanding. F is typically provided when the
leamer just needs 2 litde help to perform a part of
his/her role.

5.3 Kinds of learning Different kinds of learning, suc-h as memorization, '

and appropriate skills, understanding, and acticedes and value‘s, require
instructional strategies different mstructonal and assessment strategies.

5.1 Kinds of adjusting

5.2 Kinds of coaching

different primary strategy. The cognitive component lf.equires pﬂsuasim.q ‘thr.ough
cognitive reasoning. The affective component requires ‘opemnr cond:tzom'ng t'o
develop positive feelings about the attitude or values. This can I.JG done vicati~
ously through social modeling, such as cbserving a person with V.V}IOII’I one
can easily empathize in a film. The psychomotor cosn}?onent requires deron-
strations and practice with feedback to develop the appropriate behaviors.

The principles for Category 5 are summmarized in Table 8.5.

V. Conclusion

Games can provide engaging and motivating leam‘ing expeﬁences }21 Whl(?h
players take on roles to solve authentic and mcreampgly dlﬁi@lt pro 'er?s lz.n
sitnated contexts. We have discussed three categories of uqmversa} pnéxu‘;c)r es
applicable to designing games for learning: cre;.ltmg a v1510rf ot the. ga@;‘, ‘ziatﬁln
ing the game space, and designing the instructional sg}mcek The pnn;p_ Es i E.he
each category (see Table 8.6 for a summary) describe what' we think ar e
most important considerations for creating a garne that ePfecmve_ly pf}romotecsh Of
desired learning outcomes. Certainty more can and should be said aI ot ft:.aaﬂar
these principles to develop more fully a common knowledge ;Jasle .b n-p'ir ; i the,
we hope that designers of games for learning will .add to and ela ora on i
situational principles to provide more dete.liled g_mdance on .des1gmtrczig)mes

types of games and game mechanics to achieve different learning ou .



TABLE B.6 Summary of Universal and Situational Principles

Cutegory 1: Creating a Vision of the Gante

A holistic, “fazzy” vision of the game based on the following six principles guides desigy,
decisions regarding the game space and the instructional space.

1.1 Learning
goals
12 Authendcity

1.3 Levels of
difficuley

1.4 Scaffolding
and mastery
assessMent

1.5 Peedback

1.6 Motvation

Specify what the learner will know, be able to do, and feel 45 5
result of undergoing the game-based learming cxperience,

The dimensions of authenticity should be consistent with
whole, real-world tasks, including parwayal of vakues,
attirudes, beliefs, and cultures and provision of sitnational
understandings.

A game should be designed as a series of levels of increasing
compiexity and difficulry, each of which must be mastered
before the next level is “unlocked.” Bach level is a version of
the tsk and is made up of many individual performances of
the task that share the characteristics of that version,

A game’s scaffolding encompasses all aspects that are intended
to enhaice the effecoveness and efhiciency of learning,
Support may be provided to the player “just in time,” or jt
can be miggered by certain plaver actions, or the player can
TeqUEst 1t at any time,

A game has four different kinds of feedback: nanzral
consequences of decisions/actions, explanations, debriefing,
and immnediate feedback in the form of hing or explanations
of causal influences or reasoning.

Various aspects of games stinlate intrinsic and extrinsic
metvaton, Motivation may be enhanced by collaboradon
with others, authenticity and relevance of the scenario and
role, and confidence or expectancy for success.

Category 2. Designing the Game Space

The game space 1s the context in which the rules of a game pertain. The following ten
clements of the game space are all aspects of the garue that must be designed in order to
create the necessary conditions for che game experience.

2.1 Goals

2.2 Game
mechanics

The goal of the game should require accomplishment of
the learning goals idenrified in the vision of the game.
Therefore, the actions and serategies needed to succeed in
the game should be aligned with those needed o achieve
the desired leamning cutcomes.

Through interaction with game mechanics, plavers come
to understand the underlying rules of the game and to
formulace strategies for leveraging those rules. Tnsructional
designers should conceive of or translate the desired learning
outcames into actions (including cognitive actions) thac form
the basis for playing the game.

Rules define the possibilities and constrainis on actions in
2 gnme. They should generate outcomes and feedback
C(;nsistcnt with the real world to promote transfer.

5.4 Players A player may engage with Fhe game either alone orin

. competition or cooperation with other players and non-
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player characters. . . . -
Frvironment The game environment 15 the setmng(s? Vm which tl’.!t: action
. of the game takes place. Design decisions regarding the
environment are influenced by the learning goals, the
appropriate degree of fidelity, and the type or genre
of game.
Game objects are the components of the game system that
embody and enable the game mech@ics or are affected by
the player’s use of the game mechanics.

)
n

2.6 Objects

2.7 Information Games provide several types of information that Playegs use to

B make decisions regarding which actions or choices will lead
toward 2 goal, _ . -

28 Techunology Equipment consists of the physical pieces required to play the

game and may inclade a computing device with various
%orms of tnpur and output, a nerwork, and data storage.

A narrative structure can provide both a familiar frame for
expetience and a cognitive frame of reference (schema) to

2.9 Narrative

promote recall,

Aesthetics refers to the emotional responses and felt ‘
experiences that arise in the player(s) Fhrough interaction
with/in the game sysiem. Design decisions for all of .
the other game components create the overall aesthetic

2.10  Aesthetics

experience of the game.

Category 3: Designing the Instructional Space

! i H j scaffolding:
The instractional space of a game for learning consists of three major types of 5¢ Iy

adjusting, coaching, and instructing.

The purpose of adjusting aspects of the game 1s to prom;le an
appropriate tevel of difficulty for thc_player thereby placing
the player in his or her zone of proximal cle-veioprncn-t. "

Coaching is defined here as a form of scaffolding that provides
cognitive and/or emotional support Lo the player b‘y
providing mformation, tps, or a _short demonstran‘on.‘f .

Instructing should be used just-ir-ame whgnever a mgn‘j1 ic
amount of learning effort is required. This may mph; ¢
a significant amount ofinforrnatio.n & be mem011;§§, a
difficult understanding to be acyuired, a difficuit ski tz
be acquired, including appropﬁatel levels of transfe‘:) an N
automatization, or a significant attitude change to be mace.

{continued)

3.1 Adjusting

3.2 Coaching

3.3 Imstructing
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TABLE 8.6 (ronfinued)

Category 4 Considerations for Designing the Game Space

The following sitvational principles provide more precise guidance regarding the design
of three elements of the game space.

41 Kinds Core mechanics are most fandamental i accomplishing the
of game goal(s} of the game and should be introduced early and recur
mechanics frequently. Compound mechanics consist of two or more

core mechanics combined by a rule. Peripheral mechanics
are optional or non-vital.
42 Parts of The game environment consists of structure (discrete or
the game continuous), dimensionality (Hoear, rectilinear, 2D, or 301,
environment perspective {the player’s view}, physics (how objects move),
and time (real, compressed, extended, or variable).
4.3 Kinds of Information about avatars, objects, events, the enviromnent,
informaton and the system may be more or less accessible to the player
depending on authendicity, level of ditficulty, and cognitive load,

Category 5: Considerations for Desgning the Instructional Space

The following sitnational principles provide more precise guidance regarding the design
of the instructional space.

5.1 Kinds of Difficulty adjusument may involve sequencing cases from easier
adjusting o more difficult or dynamically adjusting difficulty based
on the leamner’s current zone of proximal development,
Artificial prompts or automated task performance are
adjusiments that may be used 10 scaffold the learner toward
the desired performance.

5.2 Kinds of Coaching can ke the form of providing information,

coaching providing a hint or tip, or providing an understanding,. Tt is
typically provided when the fearner just needs a kirtle help to
perform a part of his/her role.

5.3 Kinds of Different kinds of learning, such as memorization, skills,
learning and understanding, and agtitudes and values, require different
appropriate msaructional and assessment strategies.
mstructional
strategies
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