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1. Introduction
1.1 Context

At the start of this research Getronics PinkRocd&fR) was developing a new information
system for the “Belastingdienst”, the Dutch taXectors office, meant to support the
processing of “toeslagen”. The original goal okthésearch was to explore the possibilities
for training and familiarizing end-users with timew system and the new work process that
went with it by means of serious gaming, the use@déo games for a serious purpose. At the
same time, this research would explore the pogskilof a new concept called a “Holodeck”,
which was being used during the design procedseo$ystem for the Belastingdienst.

The Holodeck is a room in which a (work) process loa simulated, allowing people to
experience what a certain process and system ro&ylike and how they may be used. The
Holodeck contained tools to support presentatiosfeedback sessions as well. Such an
environment seemed to be useable for training m&pand change management as well.
Serious gaming, which was already being researah&PR to explore the possibilities for its
use within the company, was seen as a usefulltabhiight be added to the Holodeck at the
Belastingdienst. Unfortunately, there was littlaeito develop such a game and in the end the
Belastingdienst decided it was best to stick tottlaés for training and change management
they already had. So, there was no longer an apmitytto explore the possibilities of serious
gaming, a Holodeck and a combination of the twa @ase study and it was decided to
research these topics with a more theoretical, thgtical approach instead.

1.2 Problem statement

Serious gaming is seen as a useful tool for a Hakdbecause it may provide rich
visualizations, present people with clear goalsndua simulation, guide them by means of
rules and a storyline, provide them with the nemgssontext and enhance the overall
attractiveness of the simulation. At the same timEplodeck, as an environment in which
people are engaged in a simulation of a differeality, might serve as a tool to enhance the
realism or attractiveness of serious games. Thsilmibses for the combination of these two
concepts will have to be explored in order to ble & use them effectively.

In order to do this, the way in which a good sesigame can be developed and how learning
can be achieved in such a game will first haveetddtermined. Since serious gaming is a
new concept at GPR that still has to prove itseaitis also useful to define ways in which
the effectiveness of serious games can be detedmiiseful measuring and observation
techniques will have to be explored. At the sammefithe concept of a Holodeck will have to
be explored and documented further, determininddira or forms it may take and the goals
it may serve.

1.3 Research questions

The problem statement above leads to the follow@sgarch question, which will be dealt
with in this text:

Which design techniques can be used for the deredapof effective serious games, how
can this effectiveness be determined and how a@ousegaming and a Holodeck
environment support each other?



To answer this research question, a number of sabtipns will be addressed in this text:

- Which design techniques and game elements cangokfaisthe development of
effective serious games?

- What are possible ways for measuring the effectigsrof serious games?

- What is a Holodeck and what purposes may it serve?

- What are the possibilities for combining seriousgey with a Holodeck environment
and which advantages may this provide?

- Does a Holodeck require or facilitate alternatiays of measuring effectiveness?

1.4 Research method

This research will start with a literature reviesmad at finding techniques and criteria for
designing serious games and making effective legrtuols out of them. This will be

followed by a literature review aimed at identifgithe possibilities for measuring the
effectiveness of serious games.

After this, the concept of a Holodeck will be defthin more detail and the possibilities for its
use will be explored. This will be done by intewiag the inventor of the concept

“Holodeck” at GPR, as well as by looking at simit@ncepts that already exist in other places
to identify alternative interpretations of a broatsrm.

Once the goals, elements and methods of seriousgyand a Holodeck have been identified
these will be compared to identify ways in whichimes games and a Holodeck environment
may support one another. The Holodeck developethéoBelastingdienst will serve as a case
study in this discussion.

The methods for measuring the effectiveness obssmjames identified in the literature study
will also be compared with the concept of a Holdgéo see in which ways such an
environment may restrict or facilitate the usehafse methods. After this, conclusions can be
drawn and possibilities for future research caexjgored.



2. Serious Gaming

Serious gamingmore and more often this term can be heard noysatbait what exactly is a
serious game? And what makes a serious game aseflduccessful? In this chapter the
concept of serious gaming will be discussed in ndetail, together with the issues and
methods that are relevant in the design processradus games. In section 2.1 a definition of
serious games as it will be used in this documiealf e given. Next, in section 2.2, the
techniques and elements that contribute to, onacessary for the creation of a successful,
effective serious game will be dealt with. In seet2.3 a number of theories of learning shall
be discussed that are relevant for learning witlose games.

2.1 Defining serious games

A short definition of serious games can be found/&ipedia [...], which gives a reasonable
impression of the meaning of the concept:

“A serious game is a software application developsith game
technology and game design principles for a primauypose other
than pure entertainment.”

A similar short description is given by Michael a@en [...], which is the following:

“A serious game is a game in which education @nvirious forms) is the primary
goal, rather than entertainment.”

This should provide a general idea of what a sergame is, but to facilitate further
discussions about serious gaming it seems usefubtode a somewhat more detailed
definition. For this, it is useful to split up tikerm “serious game” into two parts and look at
the question: what exactly is a game?

2.1.1 Definition of game

Often, a definition of the term “game” is given @gscribing a list of elements. Prensky [...],
for example, uses a list of six game elememnties, goals and objective®utcomes and
feedbackconflict/competition/challenge/oppositidnteractionandrepresentation/story

Leemkuil [...] uses the following definition of gamgased on an earlier definition of
Dempsey et al. [...], in which most of the elemeht Prensky mentioned can also be found:

“Games are competitive, situated, interactive (ld@ag-) environments
based upon a set of rules and/or an underlying hadevhich, under
certain constraints and uncertain circumstancesallenging goal has
to be reached.”

Michael and Chen [...] give a definition that inclsdgme other, but also some similar
characteristics, based on a list of six charadtesi®f “play” given by Huizinga [...]:

“Games are a voluntary activity, obviously separftam real life,



creating an imaginary world that may or may not @any relation to
real life and that absorbs the player’s full attieemt. Games are played
out within a specific time and place, are playedading to
established rules, and create social groups ouheir players.”

Although playing a serious game will not alwaysabeoluntary activity, such as a game
played in a classroom or during training, and altifodigital games do not necessarily have
to be played with other people, most of these charistics are relevant. In section 2.2.1 the
different elements of a game and their importand@é design process of a serious game will
be discussed in more detail.

2.1.2 Definition of serious game

The definition of game as it was given above igfnition in the general, broad sense of the
word. The definition covers computer games, bui aisludes board games and role playing
games. The term serious game however is restictedmputer games only, that is: games
that are played using electronic devices, suchR(S ar a game console.

In another way the concept serious game is alsaderothan the concept of game, because,
according to Zimmerman [...], applications that dé cantain game elements, but that do use
game technology, such as flight simulators forttaaing of pilots and 3D models of

buildings for use by architects, also belong todbiection of serious games. The focus in
this document however will be on serious gamesdbanclude game elements.

The “serious” part of serious games can be fourtteir goals. As it was already stated in the
short definitions given earlier, the goal of a ses game is something other than pure
entertainment or fun. By this, serious games disigsh themselves from games from the
entertainment industry. Often, the goal of a sexigame is to allow the player to learn
something, as is the case with education and trgiftir example, but serious games can also,
as Michael and Chen [...] point out, be used for othmgs such as the promotion of
products or creating awareness for a certain suljjeée only real limitation is that the goal of
a serious game has to be “serious”.

To summarise the information above | would likertvoduce the following definition of a
serious game, as | will use it in the context a$ tiesearch:

A serious game is a software application that wsese technology and game design
techniques and contains game elements, which stteseeach a serious goal, other than pure
entertainment.



2.2 Important elements and methods for serious gandevelopment

Now a definition of serious games has been estadig is important to look at the elements
that should be present in a successful serious gachéechniques that can be useful during
the development of a serious game. A number oktthésments and techniques will be
discussed in this section.

2.2.1 Basic elements of games

In section 2.1.1 a number of definitions of thertégame” have be given, in which a number
of important elements of games have been mentidifezke elements are also useful to
consider in the development process of a seriooeg@herefore, these elements, as they are
given by Leemkuil [...] and are used by Zimmerman [wil now be discussed in more
detail.

A challenging goal

One of the properties of a game is that it alwasdgoal. Goals are strongly related to the
element of competition, which will be discussedelLeemkuil [...] distinguishes three
different types of goals, which can be used in coation:

- Solving a certain problem or a series of problems
- Reaching a higher level of skill or efficiency, bugs beating a personal “high score”
- Beating a group of other players

According to Malone [...nr 28 van Zimmerman] the grese of a goal in a game has a
positive influence on the motivation of the playekeep playing. He claims it is important
that the goals and the ways in which these carcbenaplished are clear, specific, meaningful
and challenging.

Although the goals of a game are often predeternniayethe developers it is also possible to
allow the players to set their own goals. A suctggxample of this is the computer game
The Sims.

As Leemkuil [...] points out, the difficulty of reatty the goal should be well balanced. If a
goal is too easy to reach players will miss thdlehge and might stop playing. If a goal is
too hard to achieve players might get frustratedyhich case they might also stop playing.
Therefore, it is not a bad idea to implement anstdple level of difficulty into a game, so
the players can set this to the desired level aflehge themselves.

Rules and an underlying model

Every game has rules to indicate which actiongassible and which actions are not and to
determine how the game proceeds. By means of thlesyays in which players can reach a
certain goal can be restricted, creating challeAge.eemkuil [...] points out, on the other
hand, one should also make sure that enough pessitibns remain. This will give players
the idea that they can determine their own stratedlye game which will keep them
interested in the progress of the game.

The desired amount and complexity of rules (oruhéerlying model) will also differ among
players. Some will be happy with a game that iy éa$¢earn and can be played quickly,
while others will prefer a game with a large amooinpossibilities and relatively high
complexity. <examples?>



If games, or simulations, become more complexettient to which the rules or the
underlying model will be made known to the playdi also start playing an important role.
It is not always necessary that a player is awhend understands the entire working of an
underlying model. It can even be more challengmgithhold an explicit explanation of
certain rules from the players, which allows thendiscover the relevant general
relationships between a certain action and thdimaof the environment for themselves by
experimenting in the game. A game can also be nemdecomplex and more fun to play by
letting some rules play their part only on the lmgokind of the model, out of view of the
players, which will prevent them from having to digcon irrelevant details. Nonetheless, in
serious games, the extent to which the underlyindehis known to the players is of greater
importance than in entertainment games, to allaplhayers to learn the functioning of the
underlying model. Abt [...] says the following abdhis:

“No serious game can be successful if the playersotdanderstand its
rules, their objectives in the game, the consege®o€ their action, and
the reasons for these consequences. In this sesseyus games should
differ from more conventional games. They shousgpoad more to the
conscious decisions of the players than to an detslement of chance.

Competition

A game should cointain a certain form of competiti@ompetition is strongly related to the
achievement of goals and is also meant to makeng gaore challenging. Leemkuil [...]
distinguishes four different forms in which compieti can take shape:

Beating the system.

Beating yourself, by improving your performancehe next game round.
Beating other players in a direct confrontation.

Beating other players by performing better thaly tttie in previous rounds.

Furthermore, a distinction can be made between gamehich players compete with each
other in one game environment which can be infladray all of them in certain ways and
games in which each player plays in his own envirent and competition is created by
comparing the achieved results of the players, agch certain score or the present state of
the environment.

Interaction

Another characteristic of games is that therevigags a certain form of interaction that takes
place. An action of the player leads to a changheérgame environment and is followed by
an action of another player or the system. Plasfeosild receive feedback in which the
reactions of the game are made clear, to allow tloedetermine whether they reached their
goal or got any closer to it. In this way, playeas learn whether certain actions are useful
for achieving a certain goal or not. In section2 fBe role of feedback in the learning process
in serious games will be discussed in more detail.

Uncertainty



Uncertainty is an important element of games. Altffothe goals of a game might be clear,
uncertainty can make it unclear for players if aow these goals can be reached. Leemkuil
[...] lists four types of uncertainty:

- Uncertainty about the actions of other playersosé of the system.

- Unexpected events that are introduced into the gamagonment.

- Chance or coincidence.

- The fact that not the entire game environmentherunderlying model is made known
to the player at the start of a game.

This uncertainty stimulates the players to exptheegame environment, try out different
strategies and take certain risks. Uncertaintyrdmutes to the challenge and variation in a
game. In the case of serious games however, amemsoned before in the citation of Abt
[...], developers should make sure that the playederstand the working of the underlying
model correctly and there will be a stronger fooangheir actions and the reactions of the
system than on chance. Nonetheless, uncertaintglsarplay an important role in serious
games, as people have to deal with uncertaintgahlife too, such as the uncertainty about
the actions of other people that was mentioned@bov

Situatedness and story

A game is often placed in a certain context, argimary situation with a certain story. In
most cases the player will be assigned a certéenarad will for example be able to inditify
him- or herself with a certain character. The imagy situation may prickle the fantasy of
players. In a game it is possible to take up awtieh can seldom or never be encountered in
real life. Games also have the characteristicandstoose from reality. Actions within the
game only have an influence in the game environrmedtnot in the real world. This
improves the value of games as a learning envirohnsece players can experiment and
make errors without any negative consequenceslityre

The fantasy that is stimulated by the context dad/of a game can also make a positive
contribution to serious gaming, as is suggesteRibper [...]. Rieber distinguishes two ways
in which fantasy can play a part in educational gani\n exogenous fantasy, in which
fantasy is separated from the content and functsre way of making learning of the content
more attractive and an endogenous fantasy, in whitfasy and content form one whole and
cannot be distinguished from one another. Accorttingieber [...], the advantage of an
endogenous fantasy is that if the players areested in the fantasy, they will also be
interested in the content that is to be learned Will lead to intrinsic motivation to play and
learn.

2.2.2 What makes computer games attractive?

One of the reasons that is often given to defeadifie of a game as a method of teaching or a
way of reaching another kind of serious goal i zanes are attractive. In the discussion of
game elements earlier in this text some of thegththat can make games attractive have
already been mentioned. In this section the disonsd what makes a game attractive will be
handled in more detail and ways of achieving thisetiveness will be described. In this
discussion the focus will be on computer gamebgrahan games in general.



In literature a number of elements can be fountldhaconsidered to make a computer game
attractive. McFarlane et al. [...] have made theolwihg summary of these:

- fantasy

- challenge

- curiosity

- engagementaused bylow

Fantasy has already been mentioned earlier inilteskion of game elements. Because
fantasy is a standard element of games this calusesto be more attractive by definition.
Challenge is also retraceable to the game elendestsibed earlier, such as goals, rules,
competition and uncertainty. That computer gamesahte to cause curiosity is confirmed by
both Malone [...Zimmerman, ref28] and Armorty et[al.] among others.

Another feature that makes computer games atteaitheir ability to maintain a high level
of engagementf the player. This feature was even considerdzbtpart of the definition of
games given by Michael and Chen [...], as it wasmivesection 2.1.1. Engagement is
related to the concept 8bw, a term that comes from the theory of Csikszeratyil...], in
which flow can be summarized to be a state in whigerson is involved in a process in such
a way that all other other things are no longesvaht. Based on this theory, Malone
[...Zimmerman, ref27] comes with a number of conaitiavhich should be met during the
development of a game to allow the player to exymee the flow. The list below is the
translation of a summary by Zimmerman [...].

- The activity should be structured in a way thatvali the player to adjust the difficulty
of the game so that the challenge is more in liiie the skills of the player.

- It should be possible to easily distinguish, astaésually, the activities from other
stimuli, otherwise, the engagement will be disrdpte

- There should be clear performance criteria. Plagikosild be able to evaluate their
performance at any point in the game.

- The activity should result in concrete feedbackaohhallows the players to determine
to what extend they met the performance criteria.

- The activity should present the player with a wialege of challenges of different
levels of difficulty in a way that gives the plaganore and more complex information
about multiple aspects of themselves.

If this flow of engagement can be reached withgeaous game it offers huge advantages
compared to traditional methods of learning and mamication, in which retaining attention
has almost always been a problem. Michael en Chdnllustrate this with a message from
CBS Evening News from februari 2005, in which iteported that computer games were
able to retain the attention of players for twddor hours at a time, while the average student
in a classroom typically lost interest after abitfteen minutes.

2.2.3 Learning goals and suitable game genres

Computer games come in all kinds of shapes and.slzebe able to classify computer games
the entertainment industry uses a number of geagei$,is done for movies. Zimmerman [...]
points out that these genres are subject to chamgi¢hat it is possible that a game cannot be
placed into any genre, or should be placed intdiptelgenres. Still, just as with movies,



classifying games according to genre often givesesmsight into their content. This is also
the case for serious games.

Because each game genre has it's own charactsiitsigscpossible to identify game genres
that might be suited for reaching a certain sergna, by looking for characteristics that
support this goal. Prensky [...] has created a fis#arning goals and possible game genres
that support these goals. This list can be fourtdhite 2.1 on the next page. For an
explanation of the different game genres | reféPrensky [...], or Zimmerman [...] or Herz
[...], who use the same classification. This clasatibn can be useful for determining a
suitable form for a serious game that should reackrtain serious goal. When using this list,
designers should ask themselves what elementslaraiad game genre possesses that make
it suitable for reaching a certain learning goal.



Content Examples Learning activities Possible gamgenres
Facts Laws, policies, Questions, Game show
product Memorization, Competitions,
specifications Association, Flashcard type games,
Drill Mnemonics,
Action, Sports games
Skills Interviewing, Imitation, Persistent state games,
teaching, selling, Feedback, Role-play games.
running a Coaching, Adventure games.
machine, project Continuous practice, Detective games
management Increasing challenge
Judgment Management Reviewing cases, Role play games,
decisions, timing, Asking questions, Detective games,
ethics, hiring Making choices Multiplayer
(practice), interaction,
Feedback, Adventure games,
Coaching Strategy games
Behaviors Supervision, Imitation, Role playing games
self-control, Feedback,
setting examples Coaching,
Practice
Theories Marketing Logic, Open ended simulation
rationales, how Experimentation, Games,
people learn Questioning Building games,
Constructing games,
Reality testing games
Reasoning Strategic and Problems, Puzzles
tactical thinking, Examples
quality analysis
Process Auditing, strategy System analysis and | Strategy games,
creation deconstruction, Adventure games,
Practice Simulation games
Procedures Assembly, bank Imitation, Timed games,
teller, legal Practice Reflex games
procedures
Creativity Invention, Play, Puzzles,
product design memorization Invention games
Language Acronyms, foreign Imitation, Role Playing games,
languages, Continuous practice, Reflex games,
business or Immersion Flashcard games
professional
jargon
Systems Health care, Understanding Simulation games
markets, refineries principles,
graduated tasks,
playing in microworlds
Observation Moods, morale, Observing, Concentration games,
inefficiencies, feedback Adventure games
problems
Communication Appropriate Imitation, Role playing games,
language, timing, practice Reflex games
involvement

Table 2.1 — Content that is to be taught and pdsgame genres



2.3 Theories of learning and serious gaming

In most cases one of the goals of serious gamébevib teach something to the players. In
literature, there are a lot of theories about tlhg i which people learn and process
information. In this section some of these thegrésch are relevant for the development of
serious games, will be discussed.

In section 2.3.1 different types of knowledge tiest will be discussed, followed by a
discussion of different strategies for learning aridrmation processing in section 2.3.2.
After this, in section 2.3.3, it will be explainbdw different groups of people use different
strategies for learning. In section 2.3.4 a nunab@echniques that can enhance learning in
general, or specific ways of learning, within tleaaof serious games will be discussed.

2.3.1 Types of knowledge

Nickols [...] has made a distinction between différgmes of knowledge a person can
possess. He makes a distinction betwegslicit knowledgetacit knowledgendimplicit
knowledge Explicit knowledge is knowledge that can be véreal in formal, systematical
language. Tacit knowledge is knowledge that cabeanade explicit, because this
knowledge can’t be brought to a conscious levalhsas face recognition and taste. Implicit
knowledge is hard to verbalize, but can be madéaixwith sufficient effort. Usually
implicit knowledge is based on experience. Zimmerina] says the following about this:

“Implicit knowledge is often embedded in a speciiatext (people,
tools, procedures, etcetera), which makes it harttansfer this
knowledge because the receiver cannot place thelkdge correctly
without the original context.

Zimmerman [...] points out that traditional methoddearning are quite suitable for
transferring explicit knowledge, but have moreidiffty transferring implicit knowledge and
require more effort to do this.

Implicit knowledge can be transferred by lettingesison look over the shoulder of an
experienced person, who already possesses theinkplowledge, but serious gaming can
also be a useful method. The reason for this issér@ous games offer the possibility to offer
the player the context together with the knowlettge needs to be transferred and to allow
for experiencing through simulation.

2.3.2 Ways of learning and information processing

Besides differnt kinds of knowledge a distintinatican be made between different ways of
information processing that people use as wellnilael [...] distinguishes, based on a
review of the research of Berry and Broadbent [Ndrman [...] and Taatgen [...], two
strategies for the processing of informationeaperientialstrategy and eeflectivestrategy.

An experiential strategy is often used in learréngironments that are dynamic, complex and
low transparent. Computer games are such envirotsnagia therefore this strategy will be

the first that players will use. When using theanigntial strategy for information processing,
players will start looking for cues that give adigation of the actions that are available that
might get them closer to reaching the goals ofjmae. When the environment enforces the



players to act they use these cues and inform&tom past experiences with this game or
similar situations to select a certain action dioacsequence which they think is suited. They
will use the feedback they get from the systenabel this action as either a good or a bad
action for that particular situation. This strategguires some thought, but is mainly data
driven and reactive. The costs of using this sisatae therefore low, especially if someone
does not have a lot of basic knowledge of the tasicerned. For this reason, players will
often start playing computer games by using an réxipial strategy.

The experiential strategy will lead to the acqiositof knowledge about the interface,
procedures that should be used, concepts andisittadtion pairs. This knowledge is
intuitive, difficult to verbalize and hard to trdasto another context.

As long as there are cues available in the gameagmrent or usable situation-action pairs in
memory, players will keep using the experientiedtstyy. As soon as there are no more cues
available or if the actions of the players do re#ra to get them closer to reaching the goals
of the game anymore, players might switch to ao#fte way of information processing.
When using a reflective strategy the players loaékion their past behavior or the past
behavior of others and abstract new rules, proesdamd insights from this. This strategy
requires more mental effort, structure and seleatdasoning than the experiential strategy
does. Leemkuil [...] suggests that the use of sydtierpeocedures and methods and the aid of
additional tools or other people can support pleyeiusing this strategy. This will be
discussed in more detail in section 2.3.4.

The successful use of the reflective strategy led@tl to new, explicit insights and strategies
which can be applied by the players in other pairtse game or in similar situations.
According to Leemkuil [...] a combination of both experiential and a reflective way of
information processing will result in the largestiiease in knowledge, because both intuitive,
implicit knowledge and explicit knowledge will beguired this way.

2.3.3 Personal characteristics and learning

Just as the situation in which learning takes ptamkthe content that is to be learned have an
effect on the way in which people learn, persohalracteristics have an effect on the way in
which people learn effectively and comfortably adlwin the discussion about learning with
serious games, it is useful to look at the contgame generatidithat was defined by
Prensky [...].

The game generation is described as the group@ueborn after 1975 that has access to
new mediasuch as television, Internet, computer gamestexecel hese people have been
confronted with new media since their childhoodsiolh caused them to develop a new way
of information processing. Zimmerman [...] gives agloverview of the differences between
this new way of learning of the game generationthedraditional way of learning of the non
game generation, which can be found in table Zh2s& differences will be explained below,
also based on the summary that Zimmerman [...] givelse work of Prensky [...].

Twitch speed vs. conventional speed
The game generation has learned to process infanmatpidly due to exposure to new media
such as MTV, which presents information at a quiake.

Parallel processing vs. linear processing

The human brain has the ability to process sevasik in parallel. If one takes a look at the
younger generation it can be seen that this pamlbeessing is used often, as they can be
found working with several applications runningtbeir PC simultaneously, while both the



TV is on and music is playing. Performing thes&dasa parallel is something that many
younger people have become quite good at, whilelder generations are often more
accustomed to a more linear approach.

Graphics first vs. text first

Graphics are used primarily as a support for tgxthle non game generation. For the game
generation however, this relation is often inverfedm an early age, they have been
subjected to expressive graphics without a loegf,tsuch as TV and computer games.
Because of this, the visual sensitivity of the@ibs has increased, which causes the game
generation to naturally process visual aspectsdird then combine them with text to form a
meaningful whole.

Random access vs. step-by-step

The Internet has, by means of hyperlinks, provithedpossibility to follow less sequential
paths for accessing information. This new structir@formation has learned the game
generation that thoughts do not always follow s path.

Connected vs. standalone

The Internet offers more possibilities for commuaiicn, which the game generation has
grown up with: e-mail, forums, news groups, muéiygr video games and instant messaging.
These forms of communication are cheaper thamgiance a telephone conversation and
provide the opportunity for both synchronous anghakronous communication. As a result
of this connectivity the game generation has depezlaa different viewpoint on the ways in
which information can be obtained. If you have abim you can post it on a forum which
gives possibly thousands of people the opportunityive you advise.

Active vs. passive

New way of information processing

Traditional wayof information processing

Twitch speed

Conventional speed

Parallel processing

Linear processing

Graphics first Text first
Random access Step-by-step
Connected Standalone
Active Passive

Play Work

Payoff Patience
Fantasy Reality

Technology-as-friend

Technology-as-foe

Table 2.2 — A comparison of the new way of inforomgprocessing used by the game
generation and the traditional way used by the game generation

If a member of the non game generation purchasesvepiece of machinery or software, he
or she is likely to first study the manual extee§nout of fear of breaking something. This is
not the case for a member of the game generatioowill directly start using the new piece
of machinery or software and will start trying dlné available actions to discover how it
functions. Their purchase is expected to suppststnategy.

Play vs. work



The game generation sees work as a form of plafpoAgh they take their work seriously
there are elements of work, such as completinglq w@inning, or beating the competition,
that can also be found to be elements of play.

Payoff vs. patience

By playing computer games the game generationdased that investing a lot of time and
effort into something will eventually be rewardénlgames it is often obvious what the goals
are and what rewards and investments are relatidno. It is up to the player to decide
whether this reward is worth their while or notid’has caused the game generation to have a
low tolerance for ongoing absence of an expectedne after a certain investment has been
made.

Fantasy vs. reality

Fantasy can be found in every human being. The$gnif the game generation however is
being stimulated by all new kinds of technology asc consequence it has become quite
large.

Technology-as-friend vs. technology-as-foe

The non game generation sees technology as sométhioe afraid of, to tolerate or at best to
be used for their own purposes. The game generatiorever sees technology as a friend and
a useful tool.

Beck en Wade [...] also speak of a new way of legrtivat has come forth out of playing
computer games. This new way of learning:

- “Agressively ignoréghe structure and format of formal instruction.

- Is build on extensive trial and error, withfaifure is nearly free; you just push play
again’ mentality.

- Includes input and instruction from peers (othenges), not authority figures.

- Emphasizes “just in time” learning, with new skiisd information picked up just
before they are needed.

These new ways of learning seem to share someatbassics with the experiential learning
strategy that was described earlier. Serious gaviletherefore be highly suited for
supporting this new way of learning. Although achine between game generation and non
game generation is drawn by Prensky [...] by mentigrthe year 1975, the difference in the
use of learning strategies will not always be #hiarp in everyday life. Zimmerman says the
following about this:

“There are a lot of people of the non game geneardhat are perfectly
capable of adapting to new technology and therehyewv ways of
information processing as well. It is unclear hoeivor how bad
people of the non game generation would be abtepe with this

new way of information processing, if all trainingd education were
to be done according to this new stratégy.

Whatever the answer to these last words may béhéocoming years, it seems wise to think
about methods to support both members of the gaah¢h@ non game generation in their
ways of learning when developing serious games.



This difference between generations is not the tntyg that causes different people to learn
effectively in different ways. Prensky [...] distinghes four factors which are relevant for
the development of a serious game that will begaldyy a diverse workforce. Two of these
(age and experience with computer games) can beected to the difference between game
and non game generation mentioned earlier. Bettids®, however, there are two more
factors that are relevant.

- Age Older employees often prefer traditional trainmgthods, while younger
employees often prefer more interaction.

- Gender There is a difference between the kind of garhasmen like to play and
those that women like to play.

- Competition Some players like to play competitively, whildets prefer to play
cooperatively.

- Experience with computer gam&ot all employees will have an equal amount of
experience with playing computer games. An inteitiser interface is required for
players with no or little experience.

Prensky [...] recommends asking the players for igmat preferences. He also advises to
supply the information of a serious game in a traal format as well, for those people that
do not like games, or this specific game. Therepaample who like learning in the traditional
ways.

2.3.4 Support of reflective learning

It was mentioned earlier in this text that peoplevare playing a game will primarily use an
experiential strategy for processing information.stipport the acquisition of explicit
knowledge and understanding of complex conceptg@ationships it can be desirable to
support a reflective learning strategy as well sesous game.

Leemkuil [...] discusses a number of tools and methtbdt have been described in previous
literature as supporting the use of a reflexive wainformation processing. These are:
feedbackguidance additional assignmentsooperaton and collaboratiqulebriefing and
group discussionandmonitoring facilities A number of these methods can be incorporated
into a computer game itself, but a number of othethods will fall outside the scope of the
game and will instead support it as part of theniea process that surrounds it. How all of
these methods can contribute to a reflective wagfofmation processing in serious games
will be discussed below.

Feedback

Each game provides some kind of feedback whiclctiyrer indirectly shows whether

players are getting closer to their goals or neerhkuil [...] uses the example of a flight
simulator to illustrate this, in which case playeas for example directly see for each landing
whether it was a safe landing or not. By performanigrge amount of landings and getting
this kind of feedback it is possible for a playeget some intuitive insight into how to
perform a landing. To be able to support a reflectiay of information processing that can
lead to new explicit insights however, additioregdback is required that gives the player
more information about the process, such as vgloeind direction, steepness of the descent,
etcetera. By comparing this information from diéfet landings players can discover new
rules about how to proceed in certain circumstaricesmany cases however, even this



information will still not be enough because thayelr does not know which information is
relevant and he or she will not be able to disctieressential relationships between the
available data. In these cases it is also necessaijer the possibility to compare the actions
of the player with good or bad methods togetheh witir underlying rationale as a form of
reference data. Feedback should support the pilaygmerating a multitude of hypotheses
and rejecting erroneous ones.

The moment at which feedback is given and the wayhich feedback is presented can also
be of importance for the stimulation of a refleetstrategy. Leemkuil [...] points to research
of Munro, Fehling and Towne [...], in which a groufpstudents that was presented with an
error message as soon as the system discoveremgmeade considerably more mistakes
than a group of students who were only presentédtive error message after clicking on a
certain button first. Leemkuil summarizes the midéeedback as follows:

“It appears that the type of feedback and the mdraewhich it is given
have an influence on the information processingtety that students

will use. To support a reflective strategy feedbstoguld not be goal or
outcome directed, but should help the recipier@valuate hypotheses
by giving process data.”

Guidance

In some cases feedback in itself is not enoughirtwutate a reflective way of information
processing. Especially in cases where actionstieadarge amount of changes in the game
environment, or in cases where large amounts ofnimdition are available it can be necessary
to provide players with additional help to encowrageflective strategy. In these cases hints
and prompts can be given, or a coach or advisersysan support the player in organizing
the available information and stimuli and selecting relevant elements and focusing on the
relevant relationships between them. This kinduwélgnce can result in increased
performance and knowledge, although in part ofésearch that Leemkuil [...] discusses it is
not clear whether this concerns intuitive or expkoaowledge.

Additional assignments

The introduction of additional assignments int@ea®is game or into the learning
environment has also been mentioned as one ofdlys t® encourage a reflective way of
information processing, by Reiser [...] among oth@&dditional assignments offer the
possibility to make a task more problematic ordeuss the attention of the player on aspects
that might otherwise have been overlooked or td&egranted without any mindful
processing of this information. By introducing adzhal assignments one can prevent the
player from rushing through the problems withowkirig the time to consider the subject
matter that is to be learned during the game.

As with research concerning the effects of feedlzaakguidance, there is also research that
suggests that the use of additional assignmenitsnerkase intuitive knowledge rather than
explicit knowledge. According to Leemkuil [...], tmeason for this could be that the
assignments that were used were too directiVieey tell students what to do, help to discern
important variables and to set goals and in thatssethey make the task easier to perform.
This could reduce the need to use a selectivectefiemode.”As stated before, according to
Reiser [...] it is therefore necessary to come up witestions that make a task more
problematic or focus on aspects that might othenlis overlooked to stimulate the use of a
reflective strategy.



Cooperation and collaboration

Collaboration with other people has a positive @ffn learning in general and especially on
using a reflective strategy for information proéegsAccording to Veerman and Veldhuis-
Diermanse [...] collaboration can provoke activitygke learning more realistic and stimulate
motivation. Leemkuil [...] states that people in eblbrative settings are “forced” to share
perspectives, experiences, insights and undersigadiccording to Zimmerman [...] it is

this “necessity” to share that helps learners t&artheir implicit knowledge explicit.

It is necessary to make a distinction between catize and collaboration in this discussion.
Leemkuil [...] provides the following distinction bed on that given by Van Boxtel [...]:

“Examples of co-operative learning groups are thosghich students
help each other while still maintaining their owenksheet, and group
in which each student does a different part ofgieup task. In contrast
with co-operative learning groups, in collaboratigeer workgroups
students try to reach a common goal and share toails and activities.

In the field of serious gaming, collaboration caad to better performances than cooperative
or individual playing. This can be concluded froesearch from Klawe and Philips [...]
among others. Their research suggests that plasmgersons behind a single PC had a
number of positive effects. Their findings inclutie following:

- Sharing a computer stimulated discourse about isHading done. It is believed that
this enhances learning.

- The discourse and the presence of the other learaée the learner more aware of
and connected to the usual classroom environméig.ig believed to enhance
transfer.

- While one learner operated the input device, therdearner frequently used that time
for reflection and for using other tools such asqgieand paper or a calculator.

- Learners found sharing a computer more enjoyalale fitaying alone.

Debriefing and group discussions

Debriefing and group discussions are tools to ecddgarning with serious games that are
used outside the game, but in the learning praceskich the game is played. According to
Lederman [...] debriefing aims ati8ing the information generated during the expentake
activity to facilitate learning for those who haleen through the procés$eters and

Vissers [...] consider debriefing to be importantdoese not all people that play a simulation
game will be equally able to reflect on their expeces during the game and to draw
conclusions from these experiences and apply theneail life. Debriefing is also considered
to be useful because not all players will get intaot with all aspects of the game while they
are playing, especially in multiplayer games.

monitoring facilities

Monitoring facilities record the history of intetaamn in a game and give the players the
opportunity to inspect this history. This allowsh to look back on their own actions (and
those of others) and on the reactions of the sydtethis way comparison of lines of actions



and thought and the formulation of hypotheses acithted. Especially in complex
situations this should lead to a reflective modenffrmation processing.

Publications on the effectiveness of monitoringlitées are mostly limited to the area of
simulations rather than games and De Jong and &aimden [...] point out that the evidence
for the effectiveness of monitoring tools in sciBatdiscovery learning with computer
simulations is not substantial enough to warranegal conclusions. Nevertheless, Leemkuil
[...] states that fhonitoring facilities in some kind of form seentéocrucial for a reflective
mode of information processing. When no data aeglavle about past experiences (except
for those stored in the mind of the player) itif§icult to test hypotheses and to develop new
insights.



3. Observation and measuring techniques for seriougaming

“Serious games, like every other tool of educatianst be able to show
that the necessary learning has occurred. Spedificgames that teach
also need to be games that test. Fortunately, sergames can build on
both the long history of traditional assessmenthoé$ and the
interactive nature of video games to provide tgstind proof of
learning” [M&C 2]

Michael and Chen[...1 & ...2] point to the importarafesome form of assessment, some
form of measuring the effectiveness, of seriousagmmssessment is important in both
educational environments and in the corporate witrlddlays an important part in modern
education, whether serious game developers anddaesaconsider this appropriate or not. In
order to be useable within a larger educationafaim, educational games will need to be
assessable in order to facilitate grading and taestrate the effectiveness of the game as a
teaching tool. In the corporate world, serious gagan have an effect on the company’s
bottom line and, in some cases, potential liabilltyis means some proof of the effectiveness
of serious games is required here as well. Andttor that increases the need for
assessment in both areas is that serious gamagaedively new teaching tool of which the
effectiveness still needs to be proven at largea Aensequence, schools and corporations
may be skeptical to the use of serious games agdegaire some demonstration of their
usefulness.

At present, assessment of serious games, bedeitise game or before or after it, can have
three functions:

- Determining for all individual learners whetheryHearned what they were supposed
to learn, or how much they learned of it. Thiswabldeachers or trainers to aid them in
problem areas and can facilitate grading.

- Determining the effectiveness of the game. Dosaith what it's supposed to teach?
How much can people learn from it? What needs tonpeoved?

- Contributing to research concerning the effectigsnaf serious games (or specific
game components) in general.

In this research, the focus will be on the secardithird function and not as much on the
performance of individual users, although the diteness of the game will be measured by
assessing the performance of individual players.

This chapter will deal with a number of differenétihods that can be used for assessment in
serious games. In section 3.1, traditional metlddssessment will be discussed, together
with those used in more traditional forms of e4h#ag. In section 3.2 a number of challenges
faced in the assessment of serious games will miomed, followed by an overview of what
current literature has to say about assessmemtitpas for serious games in specific.



3.1 Assessment in traditional learning and e-learng

Developers of serious games do not have to tabkl@toblem of assessment on their own. In

traditional learning environments and more recemtfearning, the problem has already been

studied extensively. This has lead to a numbesséssment methods that can possibly be of

use for the assessment of learning with seriousegdoo. These methods,together with issues
that arise when they are applied to serious gamitignow be discussed.

Traditional methods usable for serious game asseissm

One of the traditional forms of assessment thabmmonly used in and associated with
serious games and e-learning is the use of multiptece questions. As an alternative, open
ended questions may also be used for assessmercaodding to Michael and Chen [...1]
“other options are interviews, based around paracyroblems, general problem solving,
surveys, or a mixture of observation, tests, ateruews. Some of these methods of
assessment can be integrated into the game hselthis is not a necessity. A good serious
game should make it easy to use these methodshhoug

Limited-choice questions and open-ended questions

Limited-choice questions, such as multiple-choigestions or true-or-false questions, are a
common form of assessment in traditional learnimgrenments and especially in e-learning.
Limited-choice questions are easy to check foralter or trainer and can be checked
(instantly) by a computer system as well, whicprigbably the most important reason for its
use in e-learning. According to Médritscher ef al], limited-choice questions are suited to
reach lower-level learning objectives, such aslliegafacts, while they are less suited for
reaching higher-level objectives, such as applgingvaluating assimilated knowledge.

An alternative for limited-choice questions are m&ded questions. Open-ended questions
include such things as sentence completion, fortimglan own answer to a question, but also
the writing of essays. These types of questiondetter suited for reaching higher-level
objectives.

Michael and Chen [...2] also point out that multiplesice questions are not always the best
option: “While MCQs can accurately gauge memorization amehtéon of a set of facts, they
are hardly the best way to gauge whether the studdnllowing a process correctiyin
disciplines such as mathematics the process useadb an answer (the calculation in the
case of math), may give much more insight into Wwaethe student understands the subject
matter or not than a correct answer does.

Another argument against the use of limited-chgigestions in serious games given by
Michael and Chen [...2] is thablitside of a few isolated examples, such as TriRuabuit

and Who Wants to be a Millionaire, they have litttenothing in common with video ganies.
Another example that could be seen as an excegatitins rule is the use of “conversation
trees” in many Role Playing Games (RPGS). In tiyesees, conversation with Non-Player
Characters (NPCs, characters that are controlletdgomputer) takes place by presenting
the players with a number of sentences to use t@aeltheir character has the opportunity to
speak. Sometimes, there will only be one choicdahle at a certain point in the
conversation, or multiple paths will lead to thensaend, but there are plenty of opportunities
in which choosing the right sentence can help thgep in getting additional information,
avoiding a fight, or deliberately picking one.

Aside from this example, which has seen it's usseeinous games and e-learning already,
there still is sufficient reason for Michael andegdH...2] to say the following:



“While a review of any collection of edutainmentwafe reveals that
MCQs can be easily tacked on to a video game, dsmndpes not take
advantage of any of the features that make seganses compelling:
engagement of the player, self-motivated progtessigh the material,
and fun’

Interviews and observation

Interviews and observations are assessment methaidare, because of their nature, perhaps
more suited for qualitative assessment of whatgukagre able to learn from a game, although
more structured forms of these methods could ofsmbe used for quantitative approaches
as well. Both interviews and observation requieeghesence of a teacher or trainer.
Interviews can be seen as just another way of gskmnited-choice or open-ended questions,
although in most cases they will focus on the faited provide the option for less structured,
non-predefined questions. Interviews can also ke ts assess the opinions of the users on
the use of serious games, or a particular seriaagegor allow for self-assessment of what
they believe they learned. Arguably, questionnaidd be used to assess these aspects as
well.

Observation can be used for similar purposes, allpwhe teacher or trainer to observe the
interest players show in the game, retention af itiierest and motivation to keep playing as
the game progresses, difficulties players discusaach other and the time they spend on
certain parts of the game among other things.

Jamornmann [...] lists five questions which he sutgte trainer or teacher should try to
find an answer to while observing conversationthéchat room of an e-learning setting:

Who chats with whom?

What do they chat about?

Is the content related to the course?

Does the content lead to understand critical timigRi

If there are more than 3 persons, who leads thep§ro

agrwONE

These observations can also be made for face-&e@mmunications. These questions will
help the teacher or trainer assess whether the&ooir game, is effectively being used or not.
Observation and interviews can easily be combimedhich case the trainer or teacher asks
guestions while observing. In other cases, intersiare more likely to be conducted pre- or
post-game.

3.2 Assessment in serious gaming

3.2.1 Assessment challenges in serious gaming

Michael and Chen [...2] discuss a number of challsrigat are created by the medium of
serious games itself and by its newness, whichmtake assessment more difficult:

« “With less emphasis on rote memorization of fakesassessment obtained from
traditional methods may not accurately reflect lb@rning gained from serious
games.



« “Open-ended simulations can support a wide rang®sss$ible solutions. Which one is
more correct?

« “When teaching abstract skills such as teamworkleadership, how do you measure
learning and/or improvements?

«  “What is "cheating" in the context of serious garhies?

Less emphasis on rote memorization of facts

The first question is, among other things, reldtethe distinction between implicit, intuitive
knowledge and explicit knowledge that was madeeatisn 2.3.1. While players might have
developed understandings and strategies that #lem to play a game effectively (and
possibly allow them to apply them in other sima&uations too), this understanding might
not be reflected in the answers they give on MC€=sbse the knowledge is not explicit
enough. As Michael and Chen [...1] put it in anottet:

“Serious games provide an opportunity to test beyp&é4 or
multiple choice and may be uniquely suited to destmating processes,
interactions, systems, causes and consequénces.

Open-ended simulations

An example that touches on both the question of tuoassess the results of an open-ended
simulation and on the question of how to deal whkating can be found in the gaReller
Coaster Tycoonas is pointed out by Aldrich [...]. In this game,which the players have to
build and manage their own theme park, one of tewios that is used is customer
satisfaction. This customer satisfaction, howewan be increased by the players by drowning
the unhappy guests. The question now is whethebtitavior should be considered as the
exploitation of a loophole and therefore as chgatim whether the players using this strategy
should be rewarded for the creative use of the@wairesources and metrics.

Even if the strategies chosen by the players asedaethical, in open-ended simulations, it
might remain difficult to compare the different comes or the ways in which they have been
reached.

Teaching abstract skills

Serious games offer the possibility to teach playdstract skills, such as teamwork and
leadership and such things as political or religibaliefs can be communicated as well. In
these kinds of cases, assessing what the playdéedragd may be more difficult than
assessing whether he remembers a certain settsfoianot. Nevertheless, there is an entire
field of study concerned with the measurement afitalecapabilities, called psychometrics,
and Michael and Chen [...2] state théthfas evolved over the past two centuries and has
been used to measure such disparate and seemmgigasurable capacities such as
personality, individual attitudes and beliefs, aeadc achievement and quality of lifd@ his
suggests that they believe the challenge of tlsissssnent is not an obstacle that can’t be
overcome.

Cheating
Cheating is, in the words of Michael and Chen [..%2]time-honoured tradition in video
games. It is common for many entertainment games tataoncheat codes that allow players



to gain powerful advantages, such as invulnergtlitunlimited resources. These advantages
can aid players who are stuck, annoyed, in a ltorcpmplete a certain boring part of the
game (which they might have already completed ssfally once in a previous playing
session), or who simply like to experience the péaying style such advantages have to
offer.

Aside from multiplayer games, in which players epenpeting with each other and cheating
is an unwanted and often even prohibited phenomeheruse of such cheat codes is
commonly accepted, although some players mightidensuch cheating as “weak”. In
serious games however, such cheating, or the e¢afm of loop holes such as the one in
Roller Coaster Tycoqns often unwanted, because it could compromisdearning
experience. Besides considering how to deal wigkahin-game issues, teachers and trainers
will also have to think about activities outsidetiof game itself that may or may not be
desirable, such as players consulting each othestablishing unwanted pacts and
arrangements.

Pre-game, in-game and post-game assessment

While traditional classroom testing usually occaiter the presentation of the learning
material, Michael and Chen [...1] suggest that foroses games, both pre-game and post-
game testing should take place. The reason forghit the efficacy of serious games is still
being determined. Without measuring what the stteiénowledge or abilities are both

before and after playing the game, it is imposdiblsay how much they have increased and if
anything has in fact been learned. Of course, megassessment can be used to assess what
players learned in the parts of the game that bae& completed so far as well.

3.3.2 Useful features of entertainment games for sesssment

Many entertainment games already have a numbeatdifes built in that can give some
indication of what a player has learned. A numbéhese features, mentioned by Michael
and Chen [...1 & ...2], will now be discussed.

Game levels

Many entertainment games are divided in levelderkht missions the players have
complete, different areas the players have to tsgyetcetera, arranged in a certain order.
Michael and Chen [...1] state that game levels caa gn indication of what players have
learned, saying that:

“Well-designed games start out with the simplestisewith each
following level building on those game features atrdtegies
introduced in the earlier levels. In a sense, sastidly completing
a level demonstrates mastery of what the game taaght” so far”

Tutorials

As Michael and Chen [...2] point out, every compgame has a learning objective, even
those meant purely for entertainment: teachinggsapow to play the game. According to
Michael and Chen [...2],hany game designers (whether intentionally or othes) build



complex learning and progression into their gafn@sese learning environments in
computer games are callewitorials’.

Tutorials explain to the players the basics ofutker interface and the available actions and
their effects in the game. Besides being an effeatiay of learning, a point that is argued by
Gee [...] extensively, a certain form of assessnmgeptésent in tutorials as well. Players are
instructed about a particular piece of the usearfate or on performing a certain action and
are then required to use this functionality or perf this action before the “lessons” continue.
Tutorials often only introduce a limited numbergaime features at a time to avoid
overwhelming the players. Once these have beeremastadditional features are introduced.
In this sense, tutorials function in the same wagame levels. Often, one or a few tutorial
levels are the starting point of the game, afteictvthe storyline takes the player fluently to
the remainder of “normal” game levels. Even in theermal levels increasing difficulty and
the introduction of new features can still teactl assess new skills and strategies.

Scoring

Another form of assessment mentioned by MichaelG@imenh [...2] is scoring. There is a large
number of entertainment games that features angesyistem to assess the players
performance. This scoring shows a clear similaxity the grading of tests in education.
Besides being able to assess how well the playsfermed, scoring also allows players to
determine if their chosen actions had a positiveemative effect on their score, or no effect
at all. This allows them to determine what actiansrelevant in the game. As with normal
teaching however, some people might question theoppiateness of this focus on scores.

Assessment through game construction

Michael and Chen mention another form of assessoragihating from computer games,
discussed by Jim Brazell, consulting analyst atitgital Media Collaboratory (DMC) in the
IC? Institute at the University of Texas at AustinaBel advocates the use of game
development itself as a learning tool. He arguasadldesigner can only develop a game that
effectively simulates a certain phenomenon or teadéhformation if the designer already
understands this phenomenon or information himbtdfalso suggests that the creation of
such a game can potentially lead to new knowledglengw ways of doing things through
emergent behavior. This form of learning currergljar from common practice in the field of
serious gaming, but, as Michael and Chen argie the methods and tools of game
development become more accessible, perhaps thigind of “using games in education”
could take its place alongside other serious gaines.

3.2.3 Serious game specific methods for assessment

Michael and Chen [...2] discuss a number of ma@phisticatetlassessment forms used in
serious games, which should be effective in meaheghallenges discussed in section 3.2.1.
They distinguish three main types of assessmeiadt insgerious games:

- Completion assessmenDitl the player complete the lesson or pass th&test

- In-process assessmentidw did the player choose his or her actions? Dadoh she
change their mind? If so, at what point? And sd on.

- Teacher evaluationBased on the observations of the student, doesdcher think
the student now knows/understands the matérial?



These three types of assessment will now be disdussnore detail.

Completion assessment

Completion assessment means assessing whethgrea pienpleted the game or not. Since
many serious games are simulations, completingainge can, according to Michael and
Chen [...2], be a first indicator that the playerfigntly understands the subject taught.
They state completion assessment in serious ganeegial to asking whether a student got
the right answer in traditional teaching.

As Michael and Chen [...2] point out completion assesnt can’t be the only form of
assessment by itself. Besides the possibility ehtihg, there is the possibility that players
simply learned how to beat the game and did noten#ése learning content. The accuracy of
the simulation will have an effect on the usabibfygame skills in a real environment as well.
In the view of Michael and Chen [...2]a$ the pedagogy of serious games evolves,
assessment in serious games will come closerdcitmple ideal. In the meantime, though,
more is needéd

In-process assessment

In-process assessment concentrates on determioimdghie player reached a certain result. It
can be compared with students having to write dtheir calculations at a math test instead
of just their answers. In-process assessment ctudim the tracking of corrections. According
to Michael and Chen [...2], such forms of assessmentiseful becauséhe errors and
corrections can be valuable indicators, sometimesenso than just giving the correct
answetr.

Serious games offer great possibilities for tragkand logging of player behavior. In the
entertainment industry, several features are ajraadilable for this, such as replay options
and storing action sequences. Serious game devslbaee begun to facilitate the tracking of
data such as how long it takes a player to completertain “lesson”, the number of mistakes
made, the number of self-corrections made, etceterdichael and Chen [...2] point out,
modern games even incorporate abilities to adagt biehavior to the actions of the players,
adjusting things like storylines, strategies andhster strength. They say that serious games
could take advantage of these features.

In the future, information that is logged mightused to facilitate full in-process assessment
by the game itself. In the meantime though, itlbamused to assist teachers and trainers in the
assessment of their students and trainees. Thedodgta and replays can also be very useful
as a basis for debriefing and group discussions.

Teacher evaluation

Teacher evaluation is a combination of completisseasment and in-process assessment.
According to Michael and Chen [...2]déspite the predictions (or fears) of some, serious
games aren’t going to be replacing teachers anysomen, and probably never. To that end,
serious games should include tools to assist teadhdheir evaluation of students.

Teacher evaluation can make use of detailed loggileh as the in-game assessment methods
that were discussed above. If properly presentesl|dgging helps them to evaluate how

much the players learnedl'fe more data is available, the less subjective ¢haluation

needs to béas it is said by Michael and Chen [...2].



Furthermore, teacher evaluation can also inclugemation. Again, entertainment games
already provide some useful techniques. As MichadlChen [...1] point out, there are many
multiplayer computer games that include an “obsenvede” for people that are not actively
participating in a game. This feature allows theroliserve the actions other players perform
in the game environment even if they are not in@dlin playing the game themselves. For
serious games, such an observer mode can be usedhbgther learners and teachers and can
possibly be extended by coaching options, rangio fgiving simple instructions to

changing the effects of a player’s decisions aoihiticing changes of the situation into the
game environment.



4. Holodecks and other simulation environments

“Holodeck” is a word that many people will know inathe science fiction series Star Trek.
According to the online encyclopedia Wikipedia [.,.2] this series, a “Holodeck” is a room
on starships in which a simulated reality is crdditg means of holographic projections,
simulated sounds and smells and a number of lafistie devices such as replicated matter
and tractor beams that simulate touchable objextphysical forces. The Holodeck is used
for both recreational and training activities ie teries.

Although this kind of a simulation environment wadude ideal to have there is still a large
part of “fiction” in it and therefore the term Haleck will refer to a more simplistic concept
in this text, although still concerned with simidatwithin a closed environment. Before
going into details about this concept and the was/used at GPR, a quick visual impression
and short description of what such a Holodeck miigbk like shall be given, accompanied by
a number of examples of similar environments tlaaehbeen set up by other organizations.
In section 4.1, the Holodeck environment that heenhbused at the Belastingdienst will be
dealt with, followed by the discussion of a numbgsimilar environments in section 4.2: The
T-Xchange Cell, simulation tools developed at E-Blem<other examples>. The exact
concept of a Holodeck as it was established at GHRe discussed in the next chapter.

4.1 The Holodeck at the Belastingdienst

The Holodeck at the Belastingdienst was a roomwifaet used for so-called Proof of
Concepts (PoCs), during the development proceasefv information system for the
processing of “toeslagen”. During a number of tHes€ sessions, a group of end users was
provided with information about the new system Hrelprogress of its development, was
given the opportunity to perform a number of tasih the system to experience how the
functionality of the system that had been complstefar worked and were then guided in a
process of feedback and reflection on these expmage

The Holodeck environment that was set up to sughede PoC sessions is illustrated in
Figure x.x. It contained a projection screen fagentations, a number of work stations with
PCs that allowed users to sit down and experiméhttive new information system, a
whiteboard and flip over to facilitate reflectiondafeedback sessions and a number of
pictures and digrams that illustrated such thirggtha planning of PoC sessions and the
functionality they would cover and a process diagidustrating the way in which the new
system would support the processing of “toeslagen”.

This environment provided the group of end-useth thie opportunity to familiarize
themselves with the way the new information systesuld function and allow them to
determine what implications this system would hameheir work process, whether such a
process was feasible and what changes could otdsheunade to the system or the
surrounding work process in order to arrive at jpineal solution.
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Figure x.x - Layout of the Holodeck and its varidosls as it was used during
PoCs at the Belastingdienst



4.2 Similar environments

Besides the Holodeck concept that was develop&dP&, a number of simulation
environments may be found that show considerabidasities with this idea. To further
illustrate the idea of what a Holodeck might bauanber of these environments will now be
briefly discussed, supported by some images to @wvisual impression.

4.2.1 T-Xchange

T-Xchange [...] is an initiative of Thales NederlaBd/. and the University of Twente.
Together, they have set up a high-tech simulatisirenment with rich tools for
visualization, of which some pictures can be foimBigure x.x and X.y.

The T-Xchange Cell is used to support decision-mgkirocesses focused on designing
solutions for complex problems. This is done byging together a number of experts and
stakeholders in an environment in which computeusation (T-Xchange uses the term
serious gaming) is used as a tool for visualizatind as a way of providing a simulated
“reality”, including behavioral rules, in which pele can safely experiment with different
kinds of solutions and discover their implicatioAsaong other things, T-Xchange has been
used to explore the possible implications the egjmars of a sports stadium could have on
traffic, design a new residential district and dea for product design.



Figure x.y — Details of the T-Xchange Cell



4.2.2 E-Semble

E-Semble [...] is a Dutch organization based in Delftich designs and develops tools for
training and education of safety and security msifenals. E-Semble has developed a number
of simulation tools, such as Diabolo VR, which usesous gaming in a 3D computer
simulated environment, such as the one in Figwefar incident management training. The
focus of Diabolo VR is on this digital world, bitere are some elements that have been
added to the environment in which the game is pldiiat make it more then just a serious
game.

Often, the game world is projected on a large faim#éront of the player, rather than being
displayed on a regular monitor. This is a smalb $ethe direction of virtual reality, since the
game world, which is seen from a first-person pectipe (through the eyes of the character
the player is controlling), is now displayed at areproportional size, increasing the realism
of the experience. Furthermore, communication witter players occurs through regular
communication means such as radios, taking a pre@ame outside of the control of the
computer program and into the real world environhoéithe player, which may also increase
realism. A picture of this can be found in Figurg.>Besides this, the scenario of the
simulated disaster or emergency situation is neffiped, but can be manipulated by a game
master controlling his own computer, which is lidke that of the players.



Figure x.x — One of the virtual simulatior
of disasters developed by E-Semble.

Figure x.y — E-Semble uses large projections
and the use of regular communication means
to enhance the game experience.



4.2.x Virtual reality

Besides the examples that have been discussedis@sfakely there are a number of other
simulation environments that have similar charasties and serve similar purposes.
Furthermore, another kind of simulation environmibiat has not yet been discussed but is
strongly related to the term “Holodeck” is the wat reality environment.

Virtual reality is a concept that has not yet bdealt with in this discussion, but is strongly
related to the original concept of a Holodeck frStar Trek. Virtual reality usually refers to
technology that is used to submerge a person ifulblyvirtual environment. Mostly this is
limited to visual experiences, such as special sygexample/figure> that display a virtual
game world, but there are also numerous envirorsrteat provide other sensory
information, such as sound or haptic feedback.reigu shows a number of interesting
examples of virtual reality technology. An interegtdiscussion of how current and near-
future technology might be used to provide theedléht kinds of sensory feedback present in
the Star Treck Holodecks has been written by Rhpdés



4.3 Common characteristics

There are a number of similarities that can be doarthe examples of simulation
environments that have been discussed so faridséiction, a number of common
characteristics that can be identified will be dissed. These are:

- Simulation

- Interaction

- Group activity and collaboration
- UseofIT

Simulation

Every environment that has been discussed in tapter offers some kind of simulation to
its participants: an office environment with accesa future “toeslagen” system, a virtual
representation of a product, or a disaster scetfaaiomight occur. Such a simulation may be
provided either by offering the tools that may prégsa virtual simulation to the participants in
an environment, or by using the environment asqfatie simulation itself. This may range
from a simple office environment, such as the agedlifor PoCs at the Belastingdienst to
more complex environments, such as a burning mgléiom which people need to be
rescued.

Interaction

Every environment that has been discussed abawesafbr interaction. Participants can
change (parts of) the simulation with their actiomBether they play a part in this simulation
or manipulate it from the outside.

Group activity and collaboration

All the environments discussed above can be useddogup of people, and most of them are
specifically designed to be used by a group of [gedphey may collaborate in these
environments in two ways: First of all, they maylaoorate to reach a common goal in the
simulation, such as safety and security persomaglis being trained to work together in an
emergency situation. Secondly, they may collabdgtexperimenting with a simulation and
evaluating and discussing their experiences toldpwesolution to a complex problem, as it
is done at T-Xchange. Experimentation that is deitlein the first form of collaboration,
working together to reach a common goal, may atésaded to support the second purpose of
finding and optimizing solutions.

Use of IT

All environments that have been discussed so f&emae of information technology, either
as a means to offer a virtual simulation to pgptcits, as a means of providing them with
information for introduction and reflection purpsser as a tool that is present in the
environment that is being simulated (like the wtakisns at the Holodeck at the
Belastingdienst). Although the use of IT is notegessity in a simulation environment it will
almost always be able to support one of these fhuggoses. For this reason, the next section
of this text will deal with the IT hardware that ynlae used in a Holodeck or similar
environment.



4.4 Required hardware

A Holodeck or a similar simulation environment caake use of a wide variety of tools and
hardware to offer a simulation experience to isrsisThese may range from high-tech,
virtual reality kind of tools such as those usethim T-Xchange Cell to more modest
hardware equipment such as a beamer or a numiRE of

What kind of hardware is required depends on thipgaes for which a Holodeck will be
used and on the content of the simulation. Thelaviai budget may also play an important
role for many organizations. Expensive, high-tealutsons are not always necessary or better
however. The most important thing is to createllasion that gives of the right impression to
the Holodeck participants, engaging them in whatévbeing simulated and their role in this.
If a few simple tools can create such an impressios is good enough. If some more
advanced tools can enhance the experience, thebe Inei worth considering, or even be
necessary to allow a Holodeck to be used in ammapbtivay.



5. The Holodeck concept

The concept of a Holodeck was invented by MartilHdas, a business consultant at GPR
(although it was an idea of his colleague Johngs@iaanse to assign the name “Holodeck” to
this concept). De Haas describes a Holodeck aglaenvironment in which people can
experience and experiment with a simulation ofréage “reality”. In the case of GPR, this
comes down to an environment in which people carkwuith a simulation of a process that
is supported by an information system. Users c@em@ment with a simulation or prototype

of this information system, often in the role oferd-user, to experiment with the functioning
of the system and experience how it supports timedoing their work. The Holodeck that
was developed for use during the PoCs for the Betgdienst for instance, allows a group of
people to perform a number of tasks with the nestesy for “toeslagen” on a number of PCs
that have been placed in the Holodeck environmidrg.room also contains tools for
presentations and feedback sessions, so partisipantbe provided with the necessary
background information before experimenting wita fystem and can reflect on their
experiences and provide feedback afterwards.

The concept of a Holodeck as it was establish€PR will now be discussed in more detail,
starting with a discussion of the purposes for Wliddolodeck might be used in section 5.1,
followed by an explanation of how it may be usedth@se purposes and how these purposes
are interlinked in section 5.2. In section 5.3 $b&up of the Holodeck environment and a
Holodeck session will be examined and in sectidrebgeneral definition of the term
“Holodeck” shall be given based on these previassugsions.

5.1 Purposes of a Holodeck

The idea of a Holodeck originated from the obseovethat during the development of IT
supported solutions, most of the time seems tobesied in making explicit what a system
should do. The people involved may have troublegimiag certain ideas for themselves,
have trouble thinking in abstract concepts thatodten used during an IT design process, or
have different interpretations of these conceplicivmeans they might be talking about
different things without realizing they are, beatise terms and models they use are the
same. It was believed that by taking similar, éxgstpplications that contain interesting
(parts of) possible solutions or working prototypépossible future applications, it would
become a lot easier to make things more explidtersure that everyone is talking about the
same concepts and interprets them in the sameTés/way, miscommunication could be
avoided and people who have difficulty with absti@ancepts, such as certain end users
might have, could also be involved in the develophpeocess more effectively. If people can
look at and experiment with explicit (prototypessanulations of) applications, they can
determine what works well in these examples, hows@yuld work with such an application,
what could be improved and what is still missingotder to determine these things, a setting
will have to be created in which the situation inieh the application is actually used can be
simulated. This is where the idea for a Holodecke&an. In abstract terms, the purpose of a
Holodeck can be defined as follows:

A Holodeck is intended to provide an experienca gooup of participants. It lets them
experience a certain “reality” (situation, processvironment, etcetera) and interact within
this reality. To make such an experience as richassible, a Holodeck seeks to submerge its
participants fully in this experience, mentally,amnally and physically. It seeks to create a



simulation that is as realistic, detailed, open amfjaging as possible. Such an experience
can then be used to understand, analyze and pgsdibihge and improve this “reality”.

This “metagoal” of submerging participants in apesence of a certain “reality”, be it an
existing one or an envisioned one, can then be fiasednumber of more specific purposes.
The Holodeck may be used for other purposes tratroftrequirements engineering from
which it originated. Neither is its usefulness liedi to the domain of IT. It may be used to
find a solution to a complex problem in the formaofy kind of process organization or form
of collaboration, of which a work process thatupgorted by an information system is just a
single form. In an interview with De Haas, of whitte full version can be found in Appendix
A, the following purposes that a Holodeck mightveewere identified, of which only the first
is IT specific:

1. Making the use of applications transparent
2. Supporting strategical decision making

3. Serving as a design instrument

4. Supporting sales

5. Supporting requirements definition

6. Optimizing processes

7. Assigning value

8. Creating a business case

9. Serving as a training instrument

10. Supporting change management

Making the use of applications transparent

Another observation of De Haas was that adminstsatresponsible for managing an
information system and making changes to this aystben necessary, often have a very
poor idea of what these applications are usedfpsimulating a work setting with a
Holodeck they can quickly get an explicit idea dfatthese systems are used for and what
they should be able to do, enabling them to attiénprocess of finding solutions to problems
that arise.

Supporting strategic decision making

Strategic decision making can be supported by liBog alternative directions for solutions.
A Holodeck is intended for use in situations whigwe nature of the solution to a problem is
unknown and different directions will have to belkexed and valuated before one of these
directions can be further explored.

By representing alternatives in an explicit way deynonstrating and letting people
experiment with excisting solutions of other orgaations to similar problems or simulations
of promising variations on certain solutions, peopill be able to get a quick and clear
overview of the possibilities and the advantagebkdisadvantages of the different solutions.

Serving as a design instrument

Similar to the use of prototyping in the designrdérmation systems, a Holodeck can be
used to let people experiment with early versidre solution, allowing them to see what is
or is not working and what should be improved ia tiext iteration. In contradiction to
prototyping, a Holodeck does not just offer an infation system to experiment with, but



allows its participants to experiment with all kioflsolutions, processess and collaborations
not necesatrrily including the use of IT.

Supporting sales

The Holodeck can be a tool for the support of satesmarketing in much the same way as it
can be a tool for the support of strategic decismaking. It can be used to demonstrate
alternative directions for solutions and deternfaegesible ones.

Supporting requirements definition

By letting people work with a simulation at an gaslage, they will run into problems that

will need to be dealt with in the future solutiamdamay discover other useful features that are
desirable. An explicit simulation will allow people determine what is actually needed.

Optimizing processes

A Holodeck can be used to let people experimerit wisimulation of a process and let them
determine the best way to work with the tools #ratavailable in the simulation. Areas that
leave room for improvements can also be identiineithis way.

Assigning value

Assigning value to an IT application is often didiflt issue. According to De Haas, current
techniques, such as measuring the number of furati@s, do not measure value in the right
way. Having certain functionalities in a systemsloet mean that they are useful or add
value. It says more about the costs to develop &uudtionalities than it says about the
benefits. A Holodeck may be used to give a bettdication.

By simulating different setups of a process in dodeck environment, these setups can be
compared to each other. People can experimentoeithin steps in these processes to
discover how these steps can be performed bettapog efficiently and determine what
value these steps add for the customer. This weipladeck can be used for the allocation of
value to IT components.

Creating a business case

By developing a small scale, but fully functionabiotype within a Holodeck environment it
becomes easier to determine the benefits and ebstplementing that system on a larger
scale. For example, if an application has beenldped that can fully support the work of
one single employee working at a call center, doinees easier to determine the benefits and
costs of implementing such an application for alpéoyees at this call center.

Serving as a training instrument

A Holodeck is meant to provide a realistic simuatdf a solution and allow people to
interact with it in the way it should be used kg/énd-users. As such, it may also be used to
provide these end-users with a clear image of Wiesolution looks like and how it works
and will allow for the simulation of tasks they wdunave to perform with it in reality,
allowing them to practice these tasks in an enwvirent in which mistakes can safely be
made. Therefore, the Holodeck may be very suitabla training environment once a



simulation is sufficiently complete and finalizé®bssibly, some adaptations will have to be
made to a simulation so it may be used in an optivag for this purpose, but a Holodeck
that has been used for other purposes such asdestill likely to provide a good basis.

Supporting change management

A Holodeck can also be used to create support ergpsance for a new solution within the
community of users. It can be used to let usersmampce the future solution themselves and
can be used for additional demonstrations and ptasens. This way, people get a clear idea
of what the changes will look like and get the itlest they are given enough opportunity for
input and feedback.



5. 2 Use of the Holodeck

Some of the purposes described above can be rétagzath other, such as a process of
requirements specification that is followed by aige process, supporting each other to reach
the overall goal of finding a solution to a comppoblem. A Holodeck can support such a
sequence in which it is used for different purpah@sng a change process. How a Holodeck
might be used in this way is illustrated in Figbrg and explained further below:

1.

oo

The excisting “reality”, the current situation,asalysed to identify the problems that
excist in this situation and the changes that eséred. This analysis may be based on
real world experiences, or a Holodeck simulatiory i@ developed in which people
can experiment with the current situations to idgnhese problems and desired
changes.

This step may support the goal of supportieguirements definitiomentioned

earlier.

A number of alternative directions for solutions determined and evaluated. A
Holodeck can be used to present a number of atteesawhich might consist of
solutions other organizations use for similar peaid, or demos of variations on
excisting solutions, after which the value of thakernatives can be compared.

This step may support the goalsafpporting strategic decision makiongsupporting
salesmentioned earlier.

A Holodeck is created (or adapted) in such a wayitrcan be used for simulating the
reality concerned and allows one to change thisilsited reality by implementing
(partial) solutions into it. The Holodeck shouldddge to simulate the new kinds of
“realities” that may be expected based on the ahestution direction.

Based on the chosen solution direction, a numbtoadé are identified that may be
necessary to reach such a solution, such as céutaitionalities in an information
system that could support the process. A distindanade between tools of which it
is sure that they are necessary and tools whichtrbigy necessary in order to reach a
solution. Note that such a process is necessagubedhe exact nature of a solution is
unknown for the problems for which a Holodeck isdis

One or more tools that were identified as beingeasary are developed.

The tools that have been developed are integratedhie Holodeck reality, after
which participants can experiment with this newlitgand evaluate it. This way,
participants can determine what implications the afsthese tools has on working
within the simulated reality and may identify nemlplems, tools that are required to
solve these problems or tools that may improvecthveent situation. Because of this,
step 4, 5 and 6 may be repeated a number of tongmtually improve the situation
until a situation is reached that is consideredjadee.

This process may support the goasopporting desigroptimizing processesr
assigning valuelf the Holodeck reality that has been develogea $mall scale
version of the actual reality, but has reached detigm on this smaller scale, it may
be used to support the goald#veloping a business cazg well.

Once the development of new tools has led to amawgal situation in the Holodeck
reality, this solution may be mapped to the reallavarhis can be done as soon as a
tool has been integrated and successfully appti¢kde Holodeck reality, or once a
complete solution has been reached in the Holodeadky through a number of
iterations.
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Figure 5.x — The way in which a Holodeck may be used to supfoibus goals
during a process of adaptation or change.



Once a final solution exists that can be experidmmrethe Holodeck, this environment
may be usable for other purposes as well. It mayseel to inform end-users of what
changes they can be expecting, allowing them t@ @ésar picture of what these changes
will look like, or the environment may be used fi@ining end-users, teaching them the
new way of working. Of course, some changes tatmtent of the Holodeck experience
may be required for this, but an environment inclila new process can be explained,
demonstrated and in which people can work withéntselves does not seem to be a bad
place for this.



5.3 Setup of the Holodeck environment and a Holodkesession

This section will present a general format for skéup of a “Holodeck session” and the
physical layout of a Holodeck environment. Thiscdission is based on the Holodeck that
was used during PoCs at the Belastingdienst, iitest in Figure 5.y, but presents a general
setup for any Holodeck session and illustrates timaHolodeck environment may support
such a session.

5.3.1 The four phases of a Holodeck session and itheupport

The Holodeck experience can be divided into fouagals and a separate wall with appropriate
tools is available for each of these phases withenHolodeck environment. These four
phases are:

1. Introduction phase
2. Experience phase
3. Reflection and abstraction phase
4. Implications phase

1. Introduction phase

The first part of the Holodeck experience consi$tan introduction. In this introduction,
participants can be informed of the goals and sefupe session and presented with the
necessary background information, information alt@tprogress that has been made since
the last sesson, or information about the progosé#ise overall project.

The Holodeck environment supports such introdustiwith a large monitor or projection
screen, which allows for presentations and thelalyspf video material.

2. Experience phase

Once the participants have been provided with deessary information in the introduction
phase, they get the opportunity to interact witpr@otype or partly completed version of)
the information system themselves. To make thisiptess a number of work spaces, each of
which contains a PC, have been set up againsoadecall of the Holodeck environment.
Here, participants can experience how the systdravas, how they can work with this
system, what works well and what could be improaad what the system is still missing.
They can, for instance, perform a number of taskis the system that end-users normally
would have to perform during their work, in whichich task deals with other relevant aspects.
This process can be guided by a simple paper walkgn, by the rules and story of a serious
game, or participants can be left free to try afiecent things themselves.

Although this setting contains a number of deskl WICs as the main tools for simulation,
other kinds of tools could be used to simulateedéht kinds of “realities” as well.
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Figure 5.y - Layout of the Holodeck as it was used during PaiGke
Belastingdienst, displaying the different phasea Biblodeck session.

3. Reflection and abstraction

During the reflection and abstraction phase, paditts get the opportunity to provide
feedback about their experiences during the previiase. During group discussions, they
get the opportunity to reflect on these experiereeswill be guided to translate these
discussions to a more abstract level, linking thetipular experience to the more general
process of which it is an example. Together, treydiscuss what went well and what not,
what improvements could or should be made and g or functionalities of these tools
are still missing.

The Holodeck environment provides tools for faatiitg such discussions in the form of a
whiteboard and a flip over. Process diagrams mayuog on the wall to visualize the
abstraction process. The discussions should beduig a facilitator. <tools for abstraction in
Model>

4. Implications

Finally, the experiences and derived abstractiamsbe placed back into a larger context to
consider their implications for this context. Treewf an information system as it has
currently been tested may require certain othdsstesbe performed manually, or may be
able to automate certain steps in a work processh Bnplications for the work process and
the organization have to be identified. Identificatof missing tools and functionalities may



also have implications on the planning of the deelent process, which may have to be
revised.

The Holodeck environment may provide charts antupgs which may be referred to during
this process, such as a timeline of the planninghotos symbolizing the stakeholders for
which implications will have to be considered.

The process that was described above can be rdpeataext Holodeck session once a
number of changes have been made based on themmutfdhis session, or it can be used to
present participants with a number of alternatiaalities” during a single session, in which
case each cycle deals with another reality.

5.3.2 Required expertise

To support these four phases of a Holodeck sessinnmber of experts are needed. Five
different expert domains were identified during iterview with De Haas:

- Domain expertSomeone who has full knowledge of the problem @iorand knows
exactly what should be acieved by the new way akimg. This expert is of
importance during the introduction phase and mé#sr @idvise and guidance during
the experience phase.

- Expert on toolsSomeone who has full knowledge of the tools #ématused to support
a solution, such as an information system. Thigexp of importance during the
experience phase.

- Expert on facilitating reflection and group discisss Someone who knows how to
facilitate group discussions and feedback sessindsan structure and guide these
processes. This expert is of importance duringe¢fection and abstraction phase and
the implicasions phase. The domain expert and erpetiools should also be
available during the reflection and abstractionsghao receive feedback and deal with
guestions that touch on details within their amafasxpertice.

- Project managerSomeone who can position the content of the Hatkdession in
the overall (planning of) the change process. €Rpert may provide such
information during the introduction phase or imations phase.

- Simulation/serious game develop8omeone who can develop a simulation or serious
game that can be used during the experience plasquires expertice on how to
offer content, rather than what to offer.

These experts do not have to be individual pedqplerepresent the required areas of
expertice. A domain expert might be an excelleailiftator as well and a serious game may
be developed by a team of game designers ratheotina



5.4 Definition of a Holodeck

Earlier in this text, a Holodeck was described a®ek environment in which people can
experience and experiment with a simulation ofréage “reality”. Now the concept of a
Holodeck has been illustrated in more detail, aenformal definition of the term “Holodeck”
can be given. The description above contains fiogortant elements that may help in
formulating such a definition:

Environment
“Reality”
Simulation
Experiment

Environment

A Holodeck consists in a physical environment, sagla room. This environment may be a
part of the “reality” that is simulated, or it magntain tools for creating such a simulation,
such as a monitor for displaying virtual environnsen

The Holodeck environment is clearly separated ftoenoutside world. This means that
participants within the Holodeck environment areacly distinguishable as a group because
of their presence within this environment and thate is no unwanted interaction with the
outside world.

Reality

“Reality”, as it is used here, refers to anythihgttexists or could exist in the real world. This
includes both physical existence and the existehcales, behaviors, arrangements, etcetera.
It may be a certain object for example, but alsltysical properties and the laws of physics
that operate on it can be considered as a pahneaktlity that is simulated in a Holodeck.
Work settings, process organizations and actiorfeqmeed during these processes are other
examples of realities. Any interactions that pgraats perform within their “role” in this
reality will also become a part of it.

The realities simulated in a Holodeck can be batstimg realities and realities that could
exist in a hypothetical sense.

Simulation

According to Wikipedia [...3], Simulation is the imitation of some real thing,tstaf affairs,
or process, in other words, simulation is the imitation afree kind of “reality”. This
simulation may not be an exact imitation of thiglity, but may be limited to an imitation of
certain key characteristics or behaviors. Accordm®e Haas, in a Holodeck it may be
important to simulate other, “trivial” details aglto engage participants in a fantasy, or
simulated reality, that is as realistic and congbet possible, also on an emotional level.
Furthermore, simulation means actions performet wiitin this simulation do not affect the
outside, “real” world.

Experiment



Experiment refers to the fact that, during a Hotddgession, participants get the chance to
interact with(in) the simulated reality. They gee tchance to perform certain actions and
make certain changes and then experience the tietliese actions.

Experimentation does not have to be completely, fraemay refer to guided interaction as
well in the concept of a Holodeck, such as traineaming to perform a number of tasks with
an information system by following a manual. Actiagolvement and interaction with(in) a
simulated reality to experience its behavior iskbég issue in the concept of experimentation
in a Holodeck environment.

Now the meaning of these different elements has bstablished, they can be combined with
the purposes of a Holodeck that were discusseédation 4.1.1 to arrive at the following
definition of a Holodeck:

A Holodeck is an environment in which realitie@a@omplex nature can be simulated and a
group of people can interact and experiment witlwghin this simulation, with the primary
purpose of finding a solution of an unknown natiorea complex problem.

Although a Holodeck can take a number of diffefentns and may be used as a tool for a
number of purposes, including secondary purposes a&sitraining, this is the definition of a
Holodeck on which the discussions in the remaimdéhis text shall be based. Since GPR is
a company primarily concerned with IT, some paftthis text will focus on processes
involving the use of information systems, but thpags of the discussion can be translated to
other kinds of processes and solutions as well.



6. Serious gaming and the Holodeck

When looking at the purposes of serious gamingt@diolodeck concept and the ways in
which they support these purposes, there cleaglparumber of similarities: simulation,
experimentation and interaction and engaging peom® alternative reality. At GPR, serious
gaming was seen as a tool that might be used dtiveexperience phasef a Holodeck
session, discussed in section .... At the same timeeidea of a Holodeck environment as a
place where the fantasy that is created in a segame might reach beyond the edges of a
computer monitor, or where gaming could immediateycombined with an appropriate
introduction and reflective discussion, seems ta lbseful addition to the concept of serious
gaming.

In this chapter, the concepts of serious gamingth@dHolodeck will be compared to discover
ways in which they may support each other and wayghich they differ. In section 6.1, the
added value a Holodeck might provide to seriousiggwill be discusses, whereas in section
6.2, the discussion will be reversed and the addéade serious gaming might provide to a
Holodeck will be examined. Finally, in section &3¢ discussion will focus on the effects a
Holodeck may have on the possibilities for assessiaed the measurement of effectiveness
of a serious game, as they were discussed in ail&ypBefore the discussion on these topics is
started however, it is useful to make a distinchetween the dynamic and static use of a
Holodeck and the ways in which it may provide aidation.

Dynamic and static use of a Holodeck

A Holodeck may be used for a number of differemppses and because of this, the way in
which a Holodeck is used may also differ. The fwilog distinction between two ways of
using a Holodeck may be made:

- Dynamic use of the Holodeckhis is the way in which a Holodeck is used for
purposes such as design an process optimalizatimnHolodeck is subject to change,
since the “reality” is constantly evaluated anchthdapted.

- Static use of the Holodeckhis is the way in which a Holodeck is used fargomses
such as training. The Holodeck lets participan{seeience a certain static “reality”
instead of constantly seeking to change it.

This distinction between these ways of using a Hetk may have important implications for
the usability of serious gaming and serious garamehts in the environment. These
implications will be discussed in section 6.2.

Ways of providing a simulation
A Holodeck may also provide a simulation in differevays:

- The environment may offer the tools to presential simulation to the participants
and the tools to let them interact with it. An exaenof this is the way in which the T-
Xchange Cell is used.

- The environment may be a part of the simulatioritatimg the environment in which
participants might be working in the role they plaighin this simulation. An example
of this is the Holodeck that was used during thE$at the Belastingdienst, which
provided the illusion of a simple office environnien



Besides any implications this distinction might édwr the arrangement of a Holodeck
environment, it also has important implicationstlo® experience within this environment. If
the environment is used as a part of the simulaparticipants and all of their behavior
within this environment will become a part of thslation as well.

Note that a combination of these two ways of usindplodeck is also possible. Such a
combination can be found in Diabolo VR for instangkhough the disaster area is a virtual
one and the participants interact with it by meains joystick, interaction with other
participants occurs outside of the virtual worldrbgans of radio contact. The use of a radio
and the communication with others is now a pathefsimulation that takes place within the
real world environment. These different forms ahgsa Holodeck to provide a simulation
may have several implications, which will be dedth in the discussions in the next sections.

6.1 Added value of a Holodeck for serious gaming

This section will deal with a number of ways in wlinia Holodeck may provide added value
to serious gaming. Particularly the use of a Hotideself as a game environment may
provide interesting opportunities.

6.1.1 Openness

Although IT may be a suitable tool for the creatadrvery useful simulations, such
simulations always share one characteristic thaliddoe a disadvantage: in every serious
game or other virtual simulation, the behaviorhaf game world and the possibilities for
interaction with(in) this game world have to begraaimmed and hence predefined. Even in
so-called open-ended computer simulations, thersetivith which players can manipulate
the game world have been determined in advancei@na subset of what such people could
do in a real world environment. Furthermore, thgots that can be placed in a game world
will only consist of those that have been modeteddvance and their behavioral properties
(e.g. breakability, flammability) will only be prest if they have been programmed into the
simulation.

Simulation in a real world environment is not liedtby many of these restrictions and may
therefore be considered to be more “open”. Totilaie the differences between real world
simulation and virtual simulation further, the “opess” of a simulation may be separated
into the openness of the game world itself andfenness of the way in which participants
may interact with(in) such a game world (rules).

An open game world, or open simulation, meansttteagame world can be manipulated in
any way; there is no limited amount of actionsioase from. There are also no restrictions
on the elements from which a game world may be @s®qg or on the behavior of the game
world (e.g. physical forces, economic forces).l)sed simulation, the game world is created
of predefined object and the properties of thegeatdand the behavior of the game world
will only include a subsection of those that woeldst in the real world.

Open rules means that the players can use a siorulatany way they want, determining for
themselves how to organize their behavior, whila simulation with closed rules, there are
restrictions on the way in which the players shddtave and how they may use the
possibilities for interaction the game world offevgork is done according to a predefined
process specification, or a game is played accgridira fixed set of rules with fixed goals.



By placing the openness of the simulation nexh&dpenness of rules four different
combinations can be identified. These combinatardthe places where several digital and
real life simulations belong are illustrated in g 6.X.

Open rules, closed rules and open and closed diolaay all have their advantages and
disadvantages, depending on the purpose for whidhi@deck is used and the goals of a
specific Holodeck session. These advantages aadwistages will now be dealt with.

Open simulation vs. closed simulation

If a simulation is not being restricted by what bagn programmed in advance, several
unexpected discoveries may be made during thefumech a simulation environment. First
of all, the simulated environment itself may behavanexpected ways, or seemingly
irrelevant aspects may turn out to be relevaniréifjhter, for instance, may be perfectly
capable of handling himself in a virtual simulatiiran emergency situation, but in a real
world simulation, he may suddenly find that he atrmove with

Free experimentation in Open Holodecl
fixed Holodeck environment experiment
oper
rules
Open-ended
computer simulations
closec Serious games Real life
rules Holodeck “Game”

closed simulation open simulation

Figure 6.x — Open and closed simulation and rules

at same constant speed because he gets tired afteple of minutes. He might also trip over
one of the hoses during a real life simulation, sthiimg that is even harder to predict. On the
other hand, the player may also discover thatiecate that has partially collapsed is still
sufficiently useable for an evacuation.



“Open” simulation may also lead to unexpected bahraand interaction of participants. If the
interactions that are required to perform thigdlittick have not been programmed into a
computer simulation, using it will not be an option

On the other hand, the “closed” nature of compsitaulations does not necessarily have to
be a bad thing. Creating a computer simulation adréain reality is a matter of abstraction
and if this abstraction process is performed cdyreall relevant aspects of this reality will be
included, while irrelevant details that might betdicting are left out. Such simplification
may be useful in learning environments, while opemulation may be more useful for certain
Holodecks that are used in a dynamic way. Openlation may only be reached in a real life
game world.

Open rules vs. closed rules

The freedom in interaction players get while plagyangame or during a Holodeck experience
may be limited in various ways for various reaséngame may have a fixed story with a
fixed sequence of events, while the steps of a \wookess may have to be performed in a
certain order or certain way to ensure compatybiliith other processes. There may also be
“game rules”, like the ones you will find in a bdagame, that may restrict the players in the
actions they can perform.

Closed rules are particularly useful in static emwiment, where a fixed storyline may provide
a clear example of what the participants are meeexperience and ensure that the
participants encounter all relevant aspects duimgxperience. A fixed process description
may be needed in training situations to learn pgdnts how to perform a certain task.
Imposing rules on the behavior of participants dyaamic environment may also be very
useful on the other hand. For instance, by resiggtarticipants to communicate only with
person a on their left, they may find that thereaseffective way to organize a process
because communication with person b on their iigatcrucial element.

Open rules, on the other hand, give participardSrredom to experiment without

limitations, they may find new uses for tools, cas@ more effective or more efficient
processes and discover creative solutions.

As can be seen in Figure 6.x, open-ended compintedtagions are placed between open rules
and closed rules. The reason for this is thatpatjh players are left free to choose their
actions and organize their process in any way likeyin an open-ended computer simulation,
this experimentation will always be limited by tkiad of parameters that can be changed.
Although the actions players may perform may belgiieed at an elementary level, they
may still be used and combined in ways that arative and were not predicted.



6.1.2 Physical situatedness

The use of a Holodeck environment itself as a plttie simulation may have other
implications besides creating “openness”. Lookihgame elements, it may be found that this
way of using a Holodeck has important implicatiémsthe situatedness of a serious game.
While in regular serious games, players are onlgtaily present in a game environment,
participants in a Holodeck will become physicallggent in the simulated world as well. This
means that certain aspects of their physical behavay suddenly become of importance to
the game, leading back to the discussion of opeannes

Furthermore, while in regular video games the megresence of the players is often
accomplished by means of an avatar (a virtual carahe players can control), in a
Holodeck environment the players may become tha mtzaracter of the story themselves,
both mentally and physically. This way, a Holodsakulation may turn into a kind of real
life role-playing. There are also a number of vid@ones that do not use avatars,such as
simple puzzle games, strategy games and simulgéiores like Sim City and Roller Coaster
Tycoon. Whether there is a possibility to creaspecific role which might be played in a
Holodeck simulation and whether such a translasarseful will have to be considered
carefully in each specific case.

Nevertheless, physical situatedness may providexar of advantages to a serious game.
Although the hypothesis would have to be testeskeéims likely that physical situatedness
will enhance the sense of realism and by its sthimersion improve engagement and
thereby attractiveness.

A drawback of physical situatedness is that somaehegative effects that might occur
during a simulation will also be real, such as pdglsharm, or damage to equipment or the
game world. In such cases virtual simulation mag lbetter option.

6.1.3 New forms of interaction

The use of a Holodeck may cause changes in thenwalkich interaction takes place within a
serious game. First of all, a Holodeck may prowtternative devices for input and output.
Instead of providing standard devices such as asemand keyboard and a single monitor, a
wide variety of other devices may be offered ad,wielpending on the situation for which the
Holodeck is used. The easiest example of thisasdha flight simulator. In this environment,
a pilot is presented with all instruments one wawdmally find in a cockpit. Simulation of
movement may be an additional form of feedbackighptovided in such a simulator. Other
devices of non-standard interaction devices mafpbed in the field of virtual reality, such

as special helmets or glasses that can visualizeal/environments, or gloves with “force
feedback” that can simulate physical forces andtiable objects. <examples>

When a Holodeck is used as a part of the game witibde may also be a number of changes
in the way in which human interaction takes pla&@emmunication and collaboration between
participants may occur face-to-face, providing @aand richer communication than for
instance chat facilities. Participants may alstéetarate by actually performing a task for
another person, rather than just explaining hodot@. Whether such collaboration needs to
be restricted in for instance a training environtredrould always be considered carefully.
Next to communication between participants, theafsereal world game environment may
also change the way in which participants intewvdttt other characters in a simulation. A
game master may act in various roles, such astamas or a victim of an accident, creating a
form of real life role playing. Such interaction ynlae much richer and much more realistic
than having an artificial conversation with a NR©r{-player character) in a video game.



Such communication is also open to improvisation may therefore contribute to a more
open simulation. A Holodeck may also contain phamesther communication devices that
allow for communication in a way that is appropzi&dr the reality that is being simulated.
Alternative input and output devices, human inttosicand appropriate mediums for
communication may increase the realism of a sirarlaiThey may also allow for the
simulation of realities that are difficult to sinat in a virtual way and allow for more open
interaction.

A disadvantage of any interaction that does natlivesthe use of a computer is that the
computer system doesn’t have any way of monitoaimg) controlling such interaction either.
This means that the enforcement of rules and tha@torong of a score system cannot be done
solely by an information system and will have todo@e in some other way.

6.1.4 Support of reflective learning

A Holodeck that has been set up in the way thatdississed in section 5.3 provides a
number of tools and methods that have been idedtis being able to support a reflective
learning strategy.

First of all, a Holodeck makes it easier to lettipgyants cooperate and collaborate during an
experience, since a group of participants is ajrdmdught in a single environment during a
Holodeck session. Besides this, the concept ammass that a number of experts are present
during the session, who may offer guidance to #réigpants and the whiteboard and flip
over can be used for debriefing and group discussim fact, the Holodeck already
incorporates this method of supporting reflectearhing as a separate phase of a Holodeck
session.

Support of reflective learning is an advantage thay be provided both by a Holodeck that is
used as a simulation environment itself and a Hmt&dhat offers the tools for a virtual
simulation.

6.1.5 Environment for surrounding training program

If a Holodeck is used for training or educationatgoses, the setup discussed in section 5.3
may provide an environment that can be used fargshrts of a training or educational
program as well. There are tools for presentatidissussions and the four phases of a
Holodeck session provide a clear structure foningi and education.



6.2 What added value can serious gaming offer inldolodeck setting?

The use of serious gaming as a learning or commtiaittool has been advocated by many
writers. Abt [...], for instance, wrote Games are effective teaching and training devioes f
students of all ages and in many situations becthesgare highly motivating, and because
they communicate very efficiently the conceptsfaots of many subjects.

But what added value can serious gaming provideHolodeck setting? To discover this, the
concepts of a Holodeck and a serious game willdnepared in this section.

When looking at the question what serious gamirgtbaffer in a Holodeck setting, a
distinction can be made between the use of ganmadémgy, such as 3D visualizations and
the use of game elements, such as story and cdimpefiwo ways of using game technology
may be distinguished:

- Game technology may provide a virtual simulatiogaae world and an underlying
model.

- Game technology may be used to manage issuestrétegamenplay: enforcing game
rules, providing a storyline/sequence of challerayes keeping track of scores.

Whether game technology should be used in eithéresie ways depends on the purpose for
which the Holodeck is used, the openness thatssettand the kind of reality that is being
simulated. Rich 3D visualizations such as the dnasare used at T-Xchange [...] can be
highly suited for creating virtual worlds and thesayn of physical products, but may be less
useful when dealing with a large administrativetsys

Similarly, the possibilities for the use of gamersénts in a Holodeck setting will also
depend on the purposes for which it is being useltlae way in which it is used. If open
experimentation is desired, a Holodeck environnhastno use for a fixed storyline or a solid
set of rules. Likewise, such elements may be difffito introduce into a dynamic Holodeck
environment, of which the form is constantly chawgiBecause of this, it may not be
possible to create a full serious game containihgpaof the elements discussed in section
2.2.1, but game elements may also be introducearaigy into a Holodeck experience. What
benefits these elements and the use of game texjyolay offer will now be examined.

Note that game elements may also be used withewupport of IT.

6.2.1 Added value provided by the use of game teabiogy

Interactive simulations

An important aspect of computer simulations is thay can be designed to be highly
dynamic, meaning the simulation can adapt to tpatiprovided by the player. With a proper
underlying model, computer simulations can be uedet participants experiment and play
with different situations in a simulation, immediBtreceiving feedback about the
consequences in an explicit form.

Visualization

Game technology may be used as a tool for visuadizaDetailed virtual representations
eliminate the need for users to create their owntalémages and can make it easier to spot
problems and opportunities. It will also ensure ffeople share the same mental images and
definitions of concepts.



Game technogoly can be used to demonstrate theibeloddynamic computer simulations,
visualizing the consequences of the changes gaatitcs make to the simulated world. Proper
visualizations may also increase the realism, cetapkss and attractiveness of a Holodeck
simulation and hence the engagement in the fanitasys created.

Virtual simulations allow for the simulation of @ranments or objects that are difficult or
expensive to create in a real world environmenttaecexperimentation within such an
environment may be quicker and less expensive dswithout any risk of damage in the
real world.

6.2.2 Added value provided by the use of game elenig

Game elements may be added to the setup of a HiN@wironment and a Holodeck session
to enhance the Holodeck experience in various waggsending on the situation in which they
are used. These possibilities for providing addsder will now be discussed. Note that game
elements may be introduced in both a digital andradigital way in a Holodeck.

Attractiveness

Games have a number of characteristics that make #ttractive. Visualisation of an
alternative reality by means of digital represeotet and the introduction of a story may
prickle fantasy and curiosity, while goals, comfieti and uncertainty may cause challenge,
stimulating the players’ will to perform.

While interaction, an underlying model and somerfaf situatedness should already be a
part of any Holodeck expererience, these elembatsafdd to the attractiveness of games may
not be useable in every Holodeck environment. Exgerimentation ( the use of open rules)
during a Holodeck session prohibits the use okedfistoryline, while the dynamic use of a
Holodeck would require the development of a newytitee for each session. Similarly, if the
design or optimization of a solution to a certaiolgem is the purpose for which a Holodeck
is used, this is a challenge in itself and putadditional goals and obstacles in front of the
player is likely only to distract them. If a Holatkeis used to familiarize participants with a
static “reality” however, providing an interestiggal which the players may strive to achieve
may be a good idea. Similarly, competition may bdasirable in situations in which
collaborative design is the goal of a Holodeck ises$On the other hand, an optimalization
process may become more attractive if a scoringhar@sm is developed by which
performance can be compared with that of previessiens. Whether such performance
metrics can be developed in a specific situatiansther question however.

If competition or additional challenges are introeld into an environment that is intended to
be open, one should be careful not to impose relased to such challenges and competition
that limit the players’ creativity.

In general, it seems these elements that may irediey attractiveness of a Holodeck
experience are particularly suited to be usedaticsand “closed” environments, in which an
experience may be created in which all game elesrametincluded. Depending on the
situation, certain game elements may be addedHim@leck that is used in a dynamic way as
well however, or aspects of the experience suaoak and challenges may be presented in a
game-like fashion. If the attractiveness of a Helddexperience can be improved in one of
these ways, it is likely to enhance the activeipi@dtion of participants.



Guidance and story

Besides helping to create a fantasy which playegbinengage in, the element story may also
be used to provide a certain guidance and strutbuseHolodeck session.

Facilitators may want participants to experienceiaber of different aspects of a simulated
reality during a Holodeck session. A story can déttl all of these aspects by creating a
series of events and can link these events iniedbgossibly engaging way. This way, the
story guides the players through all the imporissiies of a reality.

The story may guide them through each individusk t&s well, offering a step-by-step
walkthrough for the players. Besides this, it mayused to present the players with the
appropriate context for each task and it can addp to exemplify concepts and situations,
aiding in the goal of making them explicit. Gamehteology can bring stories to life with a
combination of text, audio and video, all in arenaictive way.



6.3 Does the use of a Holodeck require or facilitatother forms of assessment?

In chapter 3 of this text a number of methods awdstthat can be used to determine the
effectiveness of a serious game as a teachindhén@ been discussed. In this section, these
tools and methods will be revisited and their uggbin a Holodeck setting will be described.
Note that a number of these tools and methods foowssessing what a person has learned
and may therefore primarily be used within a Hotddenvironment that is meant to teach
something, such as a Holodeck that is used faritrgi Some methods and tools, such as the
tracking of players’ actions, corrections and perfance and interviews and observations
may also be used for other purposes such as privepssvement, to determine the
effectiveness of a Holodeck in these situations.

6.3.1 Traditional methods for assessment

In section 3.1 a number of traditional methodsafesessment that can be used in the
assessment of serious games have been discusgse. MBthods may be applied to a
Holodeck setting as well.

Traditional methods, such as limited-choice quaestiand interviews can be used before,
during, or after (a certain part of) a Holodecksg&s to measure the effectiveness of the (part
of the) Holodeck experience as a teaching toolhSnethods can be used to measure not only
the effectiveness of a serious game that is playtdn a Holodeck, but the effect of
presentations given as an introduction and thglmsigained during group discussions and
reflection can be assessed as well.

The reflection phase of a Holodeck experience, ritest in section 5.3.1, may also be used as
a moment for assessment in itself. Through groapudisions and interview questions,
facilitators may get an impression of what parteifs learned during a Holodeck experience
and what still needs to be clarified.

Observation is a method that may be used in a Hglods well and may cover both
interaction within a digital game environment antéraction not concerned with the use of a
computer. Observation of players becomes easegHaolodeck environment since there will
already be one or more facilitators and expertsegue If physical presence of these observers
within the Holodeck environment is undesirable dgra Holodeck experience such
observation may occur by means of cameras or samgeike a one way mirror, next to any
digital monitoring of the players’ behavior withéhgame.

6.3.2 Assessment challenges

Some of the challenges faced in the assessmeatiofis games with traditional methods,
which were discussed in section 3.2.1, seem toflolthe assessment in a Holodeck setting
as well and maybe even to a larger extend. Thedify of assessing the different results that
may be reached in an open-ended simulation will ordrease as a Holodeck offers a wider
range of possibilities for interaction to a serigasne, as was discussed in section 6.1.1. At
the same time, measuring the improvements in attskéls such as teamwork, for which a
Holodeck may be a suitable learning environmernit,still be an issue that needs to be dealt
with.

6.3.3 Useful features of entertainment games for ssssment



In section 3.2.2 a number of features of video gathat may already include some form of
assessment have been discusgathe levelgutorials, scoringandassessment through game
construction Most of these can be applied to a Holodeck erpeg as well.

A game level mechanism basically comes down tintgfilayers perform a series of tasks
before they are provided with a new, more advasset@f challenges. As such, a game level
mechanism may be applied to any (part of a) Holk@xperience that takes place outside of
a computer program. Similarly, a scoring mechardéamalso be set up for any interaction
that is not concerned with computers. The only nballenge is keeping track of such scores
and combining them with any scores that are medswithin the video game.

Assessment through game construction seems togdlieatge in the same way as was
discussed in section 3.2.2. Tutorials howeverhareer to convert to the real world.
Although the sequence of instruction followed bggiice can be translated to actions outside
of a computer system, such as a step-by-step atistruon how to put together your own
computer in the form of a manual, the third stepsdessing whether a certain action was
actually performed (and performed in the right wigyinore difficult to include. Assessment
by facilitators is a possibility of course, butghvill be laborious and may disrupt the flow of
a game.

6.3.4 Serious game specific methods for assessment

In section 3.2.3, three serious game specific nustfior assessment have been discussed. The
addition of a Holodeck to serious gaming may haweraber of consequences for the use of
these methods.

Completion assessment can be used in much thewaynas it can be used for video games.
If a task is set up properly, completing it will seme proof of a player having mastered the
material regardless of the environment in whick thsk is completed.

In serious games, tracking of the players’ actamd corrections that are used to reach a
certain result can be done automatically to fad#itin-process assessment. In a Holodeck
experience however, actions outside of the commytsem that are relevant for the learning
experience will have to be tracked (and recordedpme other way. The most obvious way
to do this is through observation. Videotaping nhigd used as a tool in this process, but one
should note that, if one wants to follow the garreally with a moment of reflection and
group discussion, it will be wise to make a dir@aservation of the players’ actions as well.
Of course, any behavior that was recorded eithesideo or in the video game may be used
as a support for such discussions.

Just like with serious games, teacher evaluati@nuseful assessment method for a Holodeck
as well, even more so because there may be mamactiections that need to be taken into
account, such as the occurrence of teamwork. Nesless, the statement of Michael and
Chen [...2] that was quoted in section 3.2.3 thatntloee data is available, the less subjective
that evaluation needs to be, still holds.



7. Case study — the use of the Holodeck conceptthé Belastingdienst

The concept of a Holodeck that has been develop&®R has been applied for the first time
during the development process of a new systerthéoprocessing of “toeslagen” at the
Belastingdienst. In fact, there have been two kiofddolodecks at the Belastingdienst, each
designed for a different purpose.

The first Holodeck is the one that was describetiezan section 4.1 and used the setup of
the environment and session that was describeectios 5.3. This Holodeck was used during
the so called PoCs (Proof of Concepts) that weld da@umber of times during the
development process of the information system furslagen.

The second kind of a Holodeck that was developd¢kdeaBelastingdienst was an entirely
different kind of Holodeck. It was intended to desth the subject of change and
collaboration that is required to make these chaisgecessful on an emotional level. It
offered participants an experience that consisteeatching a number of videos and video
fragments and performing tasks as a group witrenHblodeck environment in order for the
experience to progress. It was intended to be bstate the rollout of the new information
system in the organization, but for reasons thlitbeidescribed later on this has not been the
case.

This chapter will provide a case study of how addelck might be used, dealing with both of
the Holodecks at the Belastingdienst. In sectidniffe Holodeck that was used during PoCs
will be discussed, giving a description of its peses, its setup and looking back at its
successfulness. In section 7.2, the other Holodéitbe discussed in much the same way,
explaining its setup and purposes and then lockirige reasons for which the environment
was not used as it was intended and the ways iohwhivas successful regardless of this.
This will be followed by an identification of thedsons that can be learned from this.

7.1 The Holodeck used for PoCs

<introtekst>

7.1.1 Purposes of the Holodeck

The PoCs at the Belastingdienst had a number d¢$ goa which the Holodeck was used as a
tool. These goals were:

- Showing the progress in development and demonsrétie functionality that had
been developed so far.

- Allowing a group of end-users, which had been fatrfoe this purpose, to explore the
functioning, possibilities and limitations of thgssem.

- Allowing the participants to determine whether iffi@rmation system can be used as
a “workable” solution and what implications thiseusas on other parts of their work
process.

- Acquiring feedback from the group of end-users alioel functioning and use of the
system.

7.1.2 Description of the Holodeck



The Holodeck environment was set up at the offial® Belastingdienst and followed the
format that was described in section 5.3 and st in Figure 5.y. The Holodeck session
also followed the format of the four phases desdiim section 5.3 and the content of these
phases during the PoC sessions will now be destribe

1. Introduction
During the introduction phase, a beamer was ussdpport presentations. These
presentations usually included the following infaition:

- timeline of system development and milestones (ptanof completed
functionalities)

- timeline of PoCs and planning of presented functiities

- subject of current PoC

- <scenario, presented by a series of pictures reptiag the steps of processing a
certain notification>

2. Experience

For the experience phase, four standard PCs hadpteeed on a desk along one side of the
room, simulating possible work stations of end-sisBuring this phase, participants were
provided with a partial version of the “toeslagesystem. During each PoC, new
functionalities that had been developed sincedabedession were available to be used.

For each session, a number of tasks were addée tedrkload in the system. That is, a
number of dummy notifications were supplied thatheeointained a different error that
required participants to deal with another pathefinformation system. During the session,
participants were given a paper manual that pravateexplanation of the interface of the
system, the kinds of errors occurring in the tdbky needed to perform and the overall flow
of a task through the system before and after mamoaessing. The manual provided a step-
by-step walkthrough to guide them through a sexfdasks as well.

Participants worked in pairs and were free to amstjons of the experts that were present
during this experience phase.

3. Reflection and abstraction

After having worked with the “toeslagen” systemitjggpants were involved in a series of
group discussions. These discussions were guidedégilitater and supported by the use of
a whiteboard and flip over. <use of whiteboardip- diver>

The discussion was focused on the following topics:

4. Implications

7.1.3 Succes of using the Holodeck?



Looking back at the use of a Holodeck at the Belgdtenst during PoCs, it can be concluded
that its use has been fairly successful. Parti¢gpeesponded well during and after the
Holodeck sessions and it has been able to sugpmogdals for which it was set up.
Nevertheless, it should be noted that the Holodeak not used in the exact way that was
described in section 5.2. Ideally, the Holodeckusthde used in situations in which the form
of a solution to a problem is still unclear. Inglsiase, the development of the “toeslagen”
system followed a traditional design approach dedspecifications and design of the
application were determined before the Holodeck ugesl for the first time. As such, the
Holodeck could not be used as a tool to generataea'‘reality” and transfer this back to the
actual reality. Instead, the Holodeck sessionsdedwon ...<discovering implications of the
new information system for the work process>. is,tthe use of a Holodeck can be
considered successful.

7.2 The Holodeck designed for change managementat emotional level

- static use of a Holodeck

7.2.1 Purposes of the Holodeck

7.2.2 Description of the Holodeck

7.2.3 Similarities with serious gaming — the presee of game elements in the Holodeck

Possibly: 7.2.4 Why has the Holodeck developed blye HKU never been used?

7.2.5 Lessons learned kan ook als 7.3



