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Abstract—Serious games have proven to be a useful instrument This topic is also related to the term of fidelitwhich
to engage learners and increase motivation. Nesleth, a broadly defines the degree to which a game emulates themaéd
accepted, practical instructional design approacisdrious games and can be substructured in physical,
does not exist. In this paper, we introduce theaisan instructional ; Al
design model that has not been applied to seriaogeg yet, and has psychological fidelity [8].
some advantages compared to other design approabteepresent
the case of mechanics mechatronics educationustridite the close
match with timing and role of knowledge and infotioa that the
instructional design model prescribes and how thas been
translated to a rigidly structured game design. THteictured
approach answers the learning needs of applicatd@liedge within
the target group. It combines advantages of sinaunat with
strengths of entertainment games to foster leasmedtivation in the
best possible way. A prototype of the game willdvaluated along a
well-respected evaluation method within an advantd setting
including test and control group.

problem-centered trainings. A problem-solving apjgio
compels learners to think about the content, tawoize and
use the information through actively constructingaming and
helps building long-lasting memories [9]

In the Netherlands, as it is in many European aws)t
professional education comes at different leveldraining.
Much focus in the literature has been on game-bseding
at the university and for professional educatiorelewhere
students typically have to acquire insights int@l-world
systems, get familiarized with and sensitized fodibs of
theory and need safe experimentation environméypgally
in the business and management domain [10; 11].

. INTRODUCTION At vocational levels of professional educationdsints are

ERIOUS games, or educational games, have betypically very practice oriented. Theory in theirpeption is
developed for several decades under many pseudonymsly there to apply in ‘the real job’. Overcomindnet
notablybusinessor managemengames [1] [2]policy games motivational challenges, gap between theory andtjpeand
[3; 4] or more generallysimulation gamesThey include soloist behavior regularly observed amongst thdadests
physical board and role-playing games that are astm would benefit not only the students, but also dyc¢ large as
computer-assisted, as well as computer-based gdraesely the number of students in this type of educatiopatly
on (high- or low-fidelity) simulations of physicahd/or social outnumbers the university students. Applicationssefious
systems. Serious games are known for allowing pkaye gaming at this level of teaching are less commdierCthey
experience a certain context or system from whielygys can are a derivative from the approaches in higher stilr.

Keywords—Serious Gaming, Simulation, Complex Learning.

subsequently learn.

However, different theories on learning apply & thfferent

Following Muehl and Novak [5], when serious games a levels of education (see for an overview 12).

used for learning and training purposes, the madethe

simulation should be as realistic as possible tbtige best
results in preparing the trainees for real-lifeuaitons. For
reasons of such knowledge transfer from the virtoathe
‘real’ world, it is of crucial interest to designsgrious game
that is very much a like the ‘real’ world, a soledl “there-
reality” or real virtuality [6]. Transfer researamphasizes
that transfer is effective when the trained skilksve similar
logical or deep structures in virtual and in reabrig [7].

Failure to achieve the ‘right’ level of realism Helthe risk
that the player adopts a ‘wrong’ or different st than
needed in real life [6].
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This paper describes a design approach developed
serious gaming for vocational education based upeC/ID
framework by Merrienboer et al. [13; 14] that hasdvhat he
calls ‘Complex Learning’. His framework is ideaByited and
widely accepted in the area of vocational education
technique-based professions.

Section Il describes the complex learning framewwith
focus on the parts that are important for gamegtesection
lll elaborates on the vocational education setfimgserious
gaming and introduces our test application area
mechatronics. Then we introduce our design apprbased
on the complex learning principles. Section V di&sas the
differences between our approach and other degpigroaches
in the literature. We end with conclusions andtfartresearch
to sketch the steps towards a full-loop testingrirctice.

Il. COMPLEX LEARNING

Not only professionals, but also trainees in vaoal
education experience the
relationship between theoretical knowledge and tmalc
work. Work related and practice oriented learning &aining

functionad an

Serious games increase motivation when designed as

fo

of

increasing need of a gtron
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asks for specific design of instructional intervens to

support the application of knowledge on practieeks. The
field of constructivist learning design with focos problem
solving [15] and the work on design principles o$truction

by Merrill [16] are examples for instructional appches as
answers to these particular learning needs. Theoapp of
complex learning, with its so-called 4C/ID model3[114]

addresses three deficits of other instructionaigesnodels,
which was the reason for us to choose this modealeasgn
guideline for the serious game.

First, this model focuses on the integration anordimated
performance of task-specific skills rather than kmowledge
types, context or presentation-delivery media [1Sfarting
from task-specific skills is a well-suited approadbr
vocational education in the technological domaiecdhd, the
model provides a difference between supportivermgdion
for routine actions and just-in-time or procedturdbrmation,
focusing on the performance, not on knowledge [18].
designing a learning system like a serious game,aam use
this distinction for embedding distinct types ofammation
into the system, adjusted to the different needtheflearner.
Third, the model recommends a mixture between raionple
part-task and complex, whole task practice to sttpgbole-
task learning [13]. By following this advice, a cbimed
approach of simple and complex problem solvingcisieved
with the main aim to support complex learning skill

The idea of combining different levels of activitiend
learning is the basis of the 4C/ID-model of comdearning.
It indicates that different skills are related taclke other. The
horizontal and vertical relationships between taskie same
or a different difficulty level have to be takentdnaccount
when designing an instructional intervention likeserious
game.

In general, the design model for complex learniagatibed
here, delivers four essential components for theigte of
learning environments, namely learning tasks, stiyeo
information, procedural information, and part-tagkactice
[13; 14]. In part IV, we describe in detail how $lee
components are applied to our game design modehaRly,
we introduce the position of serious gaming in @atamal)
education, the particular target group of our gaane the
setting in which the game takes place.

Ill.  SERIOUSGAMING IN VOCATIONAL EDUCATION

There are a number of definitions of serious ganties,
much broadest one includes all games with more onénthe
purpose to entertain, e.g. to train, support degisnaking or
situational awareness processes. For many researcine
designers the term serious game has thus becommiarella
term for educational games, including simulationsibess or
policy games [see e.g. 17]. Serious games useteéoning
and training purposes transport instructional cointbat the
learner should use in order to achieve intendechileg goals,
and that can be classified into four types: faptecedures,
concepts, and principles [18]. For our case, faots concepts
are the most important, but mechanic mechatrorigs rzeed
knowledge of physical principles. Games offer aerfdly

environment where students are able to play, promake
mistakes and learn [19]. Serious games have sonsntabes
compared to other technology-enhanced learning
environments. Traditional e-Learning environmenisich are
packed with a huge amount of learning content,nofeél to
attract and motivate students using the materifl. [Zhe
dropout rates of some systems were enormous. Assuty
new web technologies, first of all Learning Manag®ein
Systems [21], were introduced to foster technoleglanced
learning by offering communication mechanisms, raxtéve
and multimedia content, and context adaptive gtif22].
Serious games make use of visual, textual and awydit
channels for feedback, challenges, and further compts.
They enable the player to enter fantasy worlds {@jether
with the opportunity of a strong relationship te tieal world.

Serious games are often applied in higher educatnzhin
business trainings, for example in health or safsttings
[23]. The game described here is developed for nieah
vocational training, taking into account the specifarget
group of mechanic mechatronics. Typically, a medahan
mechatronics has to undergo a two years initialational
training at secondary level. One of the importassgues of
designing the game is thus to keep it interestingl a
motivating over a period of two years. The studepscally
are around 16 and 17 years old and male (percenfdgenale
students: 1,4). The daily work of a mechanic mecmits is
quite technical, and requires practical experieasewell as
profound knowledge of basic principles of mecharécxl
electronics. We assume that practical experienceaxthine
use and crafting is best trained in practical sgj so the
serious game developed is meant to complement
theoretical parts of the vocational training. Feing the right
machines in the optimal manner, mechanic mechaisdmve
to learn knowledge patterns, which are based owepiures
and practical tasks. The game will cover differkenmowledge
areas within different projects or levels, whicle atesigned
along the 4C/ID model for complex learning. We wdiéscribe
this in detail in Section V.

the

IV. PROJECT SETTINGMECHATRONICS

The authors jointly run a game design project andbmain
of mechatronics education. The project is owned liyranch
education institution, which involved a researchamization,
and a serious gaming studio. The education institubrings
in the knowledge of what to teach to whom, the aede
organization the knowledge of design theory anduatin,
and the studio the design and technical know-how.

The project aims to deliver a game that lasts fge&rs, to
be played during the full vocational education udum with
400 hours for playing the game within the two yedifse first
domain for application is the mechatronics prograan,
coherent program with components from metal works,
electronics, pneumatics, hydraulics and logic/progning.
Typically, the students find work as constructionservice
operation employee. The current curriculum is a loio@tion
of theoretical classes, taught in traditional alasm setting by
a teacher, and practical classes in a learning wioolp setting
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that has all machines available. The game willaepla large
part of the traditional theoretical classes by mimg an active
virtual environment in which the student will geetdifferent
sources of information at the right time and in tight format.

An interesting game play should facilitate the ¢ans
participation of the students during 2 years. Thacyical

classes will not be replaced, but enriched withteonfrom

the game. The main idea is that the student firakem an
assignment in the game and after successful coimpliet the

game will go to the physical learning workshop te@mplish

a comparable task in real life. Therefore the gdesgn does
not only involve the game environment, but a faarning

environment, including coupling with reality to aatly

facilitate the knowledge transfer.

V.DESIGN APPROACH OF A SERIOUS GAME BASED ON COMPLEX
LEARNING PRINCIPLES

The approach we follow in the design aligns closelth
the Merrienboer 4C/ID model on complex learningSkction
Ill, we already introduced the structure of this dab Our
design approach follows the same structure, buestmanges
are made due to the specific needs of the targeipgr

The 4C/ID model focuses on the
coordinated performance of task-specific skillheatthan on

integration and
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Fig. 1 Nested structure of game assignments

knowledge types, context or presentation-deliveagia [13].  Thirdly, 4C/ID recommends a mixture between more
In the design method we translate this to a foousvbat the Simple part-task and complex, whole task practceupport
student has to do to successfully finish a contboc Whole-task learning [13]. In our game design mettiud is
assignment. We created a nested approach in whigh dmplemented through the nested approach, wheteeigame-

construction assignment can be split up to singatdions of
the order of magnitude like ‘select the correcesit bolt’ or
‘screw bolt X on screw Y. Fig. 1 shows the nestisign of
Project, Task, Assignment, Procedure and Step.

Second, 4C/ID provides a difference between supygort

information for routine actions and just-in-time gnocedural
information, focusing on the performance, not owwledge
[13]. In the game design there is a plethora ofrcesi of
information available. At the level of the Projediask and
Assignment, the player can get supportive inforaratfor
routine actions. At the Procedure and Step lewelplyer can
get just-in-time and procedural information. In tihefinition
of the procedures and steps the game designeliskseto an
existing expert system for the mechatronics sedor that
currently available and validated information canrb-used in
the game. The aim of the combination of this pathe 4C/ID
approach with knowledge patterns provided by thpeex
system is to “teach” the players to think like aqert. With
the combination of supportive and procedural infation, the
user will get “just enough” information just-in-tem which is
prerequisite to the learning and performance of dtuelents
[13] and where information can best be understoudl wsed
in practice [19].

play the participant navigates up and down throulgé
complexity levels. Both automated (through recagniof the
level of the participant) as well as manually, filayer can
pursue procedures in a step-by-step or in an usduashion.

Moreover, our approach
advantages of educational simulations with strengtf
serious games. The game consists of two parts, hwaie
strongly related to each other. The more educdtiooa
simulation part of the game, represents a work eplat a
mechanic mechatronics. The environment is situared
machine hall, containing all machines, tools andemals a
real workplace also includes. It shows a high lefgbhysical
and functional fidelity. In the workplace, the stmtis have to
accomplish the projects that are designed along4tbéD-
model of complex learning.

Strongly connected with this is the sandbox of wiele
system. Here, students can use the work piecesddiin the
workplace. With accomplishing a task in the workgla
students will get a work piece or a reward to bedum the
sand box. The sand box represents a leisure pahkseveral
attractions. Students can use their work piecetetelop their
very own attractions like a roller coaster with @rasprayers
and individually shaped courses. Rewards can be tessbuy
additional underparts or to try out other studeatt’actions.
This combined design approach is meant to answendld of
high functional and physical fidelity of a simulati game,
simultaneously combined with a motivating fun-paftthe

leisure park sand box. Students always can entel an

individually create own content, thus turning ipi@ducers of

to game design combines
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the game instead of remaining simply consumers rof a

learning content [19]. The useful rewards are wagkias
immediate feedback and thus also foster the madivaif the
students [9].

A third part of the simulation game is meant to pup
student activity and navigation through the simalatgame,
to foster group activities and to enable teacherassess the
learning progress. This third part is called thefipg page,
which also functions as log-on page for the stuglentvhen
logging on, the student can view his or her progreithin the
game, thus has an overview of the progress in ¢hening
content. The student can choose whether he or she
progress with the next step in the game or to relplevel
again. Moreover, the profile page shows how margiriis”
the student has collected for the sand box. It aldb provide
access to a communication tool, like a mail or ¢hattion.

VI. DIFFERENCES WITH OTHER DESIGN APPROACHES
In section Il, we already showed the advantageshef

2517-9411
No:5, 2012

VIl. CONCLUSIONS AND FURTHER RESEARCH

The authors introduced a game design
developed for vocational education application @ming
simulations. The design is based upon the 4C/Itnénmork
by van Merrienboer [13; 14] that has a proven valoe
vocational education design. The close match viiting and
role of knowledge and information that 4C/ID prédses
translates to a very structured game design. Tdradwork is
expected to yield games that have a closer alighmith the
vocational learning goals of the teaching methodfslt a
game might replace. The clear structure and reezate
Wasks, steps and actions should lead to fast smweptof a
game amongst teachers, even if they are not famira
positive about gaming for education in general. Téssons
organized around a game based upon our frameworkaee
a clear delineation, something that is often hardld with
current games.

The first application of the framework is a game fo

mechatronic construction education in The Nethedaat the

4C/ID model as design approach for a serious gameocational level. The first game prototype will beady in

Nevertheless, this approach has not been usecefigring a

Summer 2012. Next steps will also be to apply aaluation

serious game before. Compared to other game desigodel, based on Millers pyramid of competence assest,

approaches, we still see quite some benefits sfahproach.

to the simulation game. It will be tested withisetting with a

A recent game design approach, the triadic gamé@mesuser group and a test group. Both groups will et same

model [24; 25], focuses on the three dimensionseafity,
play and meaning of a serious game and illustrédig design

assignment at a three-days workshop. While the gemup
will play the game to learn about the assignmem, test

dilemmas and trilemmas between these dimensions ritak group will get traditional, classical teaching. ®@h&tion and

difficult to balance a serious game. It representgery deep
discussion of theoretical concepts. For our owrjeuto this
design approach seemed to us to be too abstracit @ game
into practice. Furthermore, we needed an approadtansfer
practical tasks and related knowledge into a |@sgihg,
complex simulation game system. The triadic gamsigte
approach offered no solutions to this specific Fob

evaluation of the test will show how effective thame is at
transferring the needed knowledge in mechanics atemfics
education.
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The work of Kriz and Hense [10] discusses desigd an

evaluation issues of simulations and games. Althotiey
introduce a logic model of a serious game with tnpuocess
and outcome-variables, the model is very much fedus the
ex-post evaluation of a game, seen as an inteorenfihe
logic model provided is very abstract and has tdilkesl with

individual criteria for each simulation game. limds to gain
evaluative knowledge on one particular gaming satioih

[10], but the model does not contribute to an ingional
design model for a serious game.

The contribution of van Staalduinen and de Fre[2§]
gives insight in the relationship between learrtimgories and
game design. Based on distinct instructional tlesprihey
present an overview of game elements and theiribotion
to learning. Furthermore, a game-based learningdweork is
introduced, which serves as “a checklist and a mdmi for
designers of serious games” [26]. The frameworkwsho
aspects as learner specifics, pedagogy, repres#rstaand
context, but it does not prefer any specific instianal
approach. Eventually, it has not been tested yet.
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