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Abstract

This research will deal with the subject of serigasing and the concept of a “Holodeck”: a
simulation environment in which people may expareeand experiment with a certain
“reality”.

Both of these concepts will be discussed, afteclvttie possibilities for combining them in
beneficial ways will be explored, as well as thehods that may be used to measure the
effectiveness of serious games.

It will be concluded that a Holodeck may supporices gaming in the form of openness,
physical situatedness, increased realism and fhosuof a reflective learning strategy and
an overall training program, while serious gamirgymrovide advantages in the form of
attractiveness and guidance in the form of gammaehs and visualization and interactive
simulation by means of game technology. Such adggstcan not be provided in every case
and their usability may depend on the purposesHidladeck or serious game, the content of
the simulation and a number of distinctions inwlay in which a Holodeck is used.

The research will also identify a number of assesgrmethods for serious games, based on
methods in traditional learning environments, usgéime characteristics and serious gaming
specific methods for assessment. Most of theseadstimay also be used in a Holodeck
environment with a learning purpose.
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1. Introduction

1.1 Context

At the start of this research Getronics PinkRocd&feR) was developing a new information
system for the “Belastingdienst”, the Dutch taXectors office, meant to support the
processing of “toeslagen”. The original goal obkthésearch was to explore the possibilities
for training and familiarizing end-users with tiiew 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 lba simulated, allowing people to
experience what a certain process and system m&yike 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 usefulltabhight 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 totdlaés 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 Hmlkdbecause it may provide rich
visualizations, present people with clear goalsndua simulation, guide them by means of
rules and a storyline, provide them with the neamgssontext 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 andde@ simulation that is more open for
experimentation. The possibilities for the combimraof these two concepts will have to be
explored in order to be able to use them effegtivel

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 its eaiiis also useful to define ways in which
the effectiveness of serious games can be detedilifse=ful measuring and observation
techniques will have to be explored. At the sammetithe concept of a Holodeck will have to
be explored and documented further, determininddima or forms it may take and the
purposes it may serve.



1.3 Research gquestions

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 gebtpns 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 simié@ancepts 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 whichi@es 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 obssmames 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 willdoglored.



2. Serious Gaming

Serious gamingmore and more often this term can be heard noysathait 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 fe 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 that
are relevant for learning with serious games diallliscussed.

2.1 Defining serious games

A short definition of serious games can be found/&tipedia [45], 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@ten [24], which is the following:

“A serious game is a game in which education @warious 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. To reach such a definition, it is udafusplit up the term “serious game” into two
parts and look at the question: what exactly ismef?

2.1.1 Definition of game

Often, a definition of the term “game” is given tégscribing a list of elements. Prensky [33],
for example, uses a list of six game elementies, goals and objective®utcomes and
feedbackconflict/competition/challenge/oppositianteractionandrepresentation/story

Leemkuil [19] uses the following definition of gamie which most of the elements that
Prensky [33] mentioned can also be found:

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



Michael and Chen [24] give a definition that inaksdsome other, but also some similar
characteristics, based on a list of six charadtesisf “play” given by Huizinga [13]:

“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 detalil.

2.1.2 Definition of serious game

The definition of game as it was given above igfinition 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 restiictedmputer 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 alsaderathan the concept of game, because,
according to Zimmerman [47], applications that db contain 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 todbkection of serious games. Nevertheless,
the focus in this document will be on serious gathasdo include game elements.

The “serious” part of serious games can be fourtieir goals. As it was already stated in the
short definitions given earlier, the goal of a sas game is something other than pure
entertainment or fun. By this, serious games disiish themselves from games created by
the entertainment industry. Often, the goal ofréose game is to allow the player to learn
something, as is the case with education and tr@ifur example, but serious games can also,
as Michael and Chen [24] point out, be used foeothings such as the promotion of
products or for creating awareness for a certdijestt The only real limitation is that the

goal of a serious game has to be “serious”.

To summarize the information above a definitiormaferious game will now be given, as it
will be used in the context of this research:

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



2.2 Important elements and methods for serious ganaevelopment

Now a definition of serious games has been estaali# is important to look at the elements
that should be present in a successful serious gahat techniques 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 thert¢game” have been given, in which a
number of important elements of games have beetioned. These elements are also useful
to consider in the development process of a segau®e. Therefore, these elements, as they
are given by Leemkuil [19] and are used by Zimmeri@d], will 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 discussedoelLeemkuil [19] distinguishes three
different types of goals, which can be used in doation with each other:

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

According to Malone [21] the presence of a goa fjame has a positive influence on the
motivation of the player to keep playing. He claiins important that the goals and the ways
in which these can be accomplished are clear, fipemieaningful and challenging.
Although the goals of a game are often predetertiyeits 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 [19] points out, the difficulty of relaitig 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 ithiesyays in which players can reach a
certain goal can be restricted, creating challeAgd.eemkuil [19] 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.

If games, or simulations, become more complexetttent to which the rules or the
underlying model will be made known to the playélf also start playing an important role.
It is not always necessary that a player is awhend understands the entire functioning of
an underlying model. It can even be more challegginwithhold an explicit explanation of
certain rules from the players, which allows thendiscover the relevant general
relationships between a certain action and thdimraof 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. This will prevent them from having to fean irrelevant details. Nonetheless, in
serious games, the extent to which the underlyindehis known to the players is of greater
importance than in entertainment games. It alldwespiayers to learn the functioning of the
underlying model. Abt [1] says the following abalis:

“No serious game can be successful if the playerstanderstand 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 contain a certain form of competiti@ompetition is strongly related to the
achievement of goals and is also meant to makeng gaore challenging. Leemkuil [19]
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 infledruy all of them in certain ways and
games in which all players play in their own enmireent 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 there abnaya 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. Plasieosild receive feedback in which the
reactions of the game are made clear, to allow tiwedetermine whether they reached their
goal or got any closer to it. In this way, playeas learn whether certain actions are useful
for achieving certain goals or not. In section21Be 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 aod these goals can be reached. Leemkuil
[19] lists four types of uncertainty:

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

- Unexpected events that are introduced into the gamgonment.

- 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, amemasoned before in the citation of Abt
[1], developers should make sure that the playederstand the working of the underlying
model correctly and there should be a strongerdacutheir 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. An example of this is the
uncertainty about the actions of other people wes mentioned above.

Situatedness and story

A game is often placed in a certain context: angimary situation with a certain story. In
most cases the player will be assigned a certdénared 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 awtieeh 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 suggesteRibber [36]. 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 funcasres 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. Accorttmgieber [36], the advantage of an
endogenous fantasy is that if the players areasted 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 defeadiie of a game as a method of teaching or a
way of reaching another kind of serious goal i$ g#@mes are attractive. In the discussion of
game elements earlier in this text some of theghthat 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 ttiisetiveness will be described. In this
discussion the focus will be on computer gamekgrahan games in general.



In literature a number of elements can be fountldhaconsidered to make a computer game
attractive. McFarlane et al. [22] have made thiv¥ahg 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 calusasto 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 [21] and Amory et al. [3], 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 [24], as it wasmin section 2.1.1. Engagement is
related to the concept @bw, a term that comes from the theory of Csikszenamgilj9], in
which flow can be summarized to be a state in whigerson is involved in a process in such
a way that all other things are no longer relevBased on this theory, Malone [20] comes
with a number of conditions which should be meimythe development of a game to allow
the player to experience the flow. The list belswhe translation of a summary by
Zimmerman [47].

- The activity should be structured in a way thatvali the player to adjust the difficulty
of the game to put the challenge more in line Wit skills of the player.

- It should be possible to easily distinguish, asiaésually, 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 extent 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 plagenore 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 Chnl[ustrate 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 geasei$,is done for movies. Zimmerman [47]
points out that these genres are subject to chamgj¢hat it is possible that a game cannot be



placed into any genre, or should be placed intdiplelgenres. 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 its own characteitistiggssible to identify game genres that
might be suited for reaching a certain serious,dmalooking for characteristics that support
this goal. Prensky [33] has created a list of legygoals and possible game genres that
support these goals. This list can be found ind&hbl on the next page. For an explanation of
the different game genres | refer to Prensky [8BFimmerman [47] or Herz [12], who use
the same classification. This classification camseful for determining a suitable form for a
serious game that should reach a certain sericals \gthen using this list, designers should
ask themselves what elements an indicated game gessesses 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 pdsgjame genreg33]
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2.3 Theories of learning and serious gaming

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

In section 2.3.1 different types of knowledge et 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 [29] has made a distinction between différtypes of knowledge a person can
possess. He makes a distinction betwegslicit knowledgetacit knowledgendimplicit
knowledgeExplicit 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 madéaixpwith sufficient effort. Usually
implicit knowledge is based on experience. Zimmarij@d] 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 [47] points out that traditional methafi$earning 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 lettingesson look over the shoulder of an
experienced person, who already possesses theinikplowledge, 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 a distinction between different kinds af\kledge a distintinction can be made
between different ways of information processirgf feople use as well. Leemkuil [19]
distinguishes, based on a review of the resear&eofy and Broadbent [6], Norman [30] and
Taatgen [38], two strategies for the processinigfoirmation: arexperientialstrategy and a
reflectivestrategy.
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An experiential strategy is often used in learrengironments that are dynamic, complex and
low transparent. Computer games are such envirotsnaeia therefore this strategy will be

the first that players will use. When using theenigntial 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 andisituadtion pairs. This knowledge is
intuitive, difficult to verbalize and hard to trdasto another context.

As long as there are cues available in the gameocemeent or usable situation-action pairs in
memory, players will keep using the experientiedtgigy. As soon as there are no more cues
available or if the actions of the players do resra 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 loagkion their past behavior or the past
behavior of others and abstract new rules, proesdand insights from this. This strategy
requires more mental effort, structure and seleatdasoning than the experiential strategy
does. Leemkuil [19] suggests that the use of syatiemprocedures and methods and the aid of
additional tools or other people can support peyeiusing this strategy. This will be
discussed in more detail in section 2.3.4.

The successful use of the reflective strategy ledt to new, explicit insights and strategies
which can be applied by the players in other pafrthe game or in similar situations.
According to Leemkuil [19] 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 ptawkthe 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 [33].

The game generation is described as the groupa@eborn after 1975 that has access to
new mediasuch as television, Internet, computer gamestert.eThese people have been
confronted with new media since their childhoodsiclr caused them to develop a new way
of information processing. Zimmerman [47] giveshars overview 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 Zn2s& differences will be explained below,
also based on the summary that Zimmerman [47] g¥éise work of Prensky [33].
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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 information procegsised by the gan
generation and the traditional way used by the game generatior{33]

Twitch speed vs. conventional speed
The game generation has learned to process infanm@ipidly 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 sevasék in parallel. If one takes a look at the
younger generation it can be seen that this pa@ieessing 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, whileltter generations are often more
accustomed to a more linear approach.

Graphics first vs. text first

Graphics are used primarily as a support for tgxhe non game generation. For the game
generation however, this relation is often inverteem 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 structdraformation has taught the game
generation that thoughts do not always follow st 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 thamgBiance a telephone conversation and
provide the opportunity for both synchronous anghakronous communication. As a result
of this connectivity the game generation has deezlaa different viewpoint on the ways in
which information can be obtained. If you have abbem you can post it on a forum which
gives possibly thousands of people the opportunigyive you advise.

Active vs. passive

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

Play vs. work

The game generation sees work as a form of plaioAgh they take their work seriously
there are elements of work, such as completingla Wwinning, or beating the competition,
which 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 sométhibe afraid of, to tolerate or at best to
be used for their own purposes. The game generatisrever sees technology as a friend and
a useful tool.

Beck and Wade [5] also speak of a new way of |legrtihat has come forth out of playing
computer games. This new way of learning:

- “Agressively ignoréghe structure and format of formal instruction.

- Is built on extensive trial and error, with faiture 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 skilsd information picked up just
before they are needed.

These new ways of learning seem to share someatbeassics 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 [33] by memigpthe year 1975, the difference in the
use of learning strategies will not always be #hiarp in everyday life. Zimmerman [47] says
the following about this:

“There are a lot of people of the non game genardtiat are perfectly
capable of adapting to new technology and therehyetv ways of
information processing as well. It is unclear hoelhvor how bad
people of the non game generation would be abd®pe with this

new way of information processing, if all trainingd education were
to be done according to this new stratégy.
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Whatever the answer to these last words may béhéocoming years, it seems wise to think
about methods to support both members of the gashéh@ non game generation in their
ways of learning when developing serious games.

This difference between generations is not the timhg that causes different people to learn
effectively in different ways. Prensky [33] distuighes 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. Betids®, 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 [33] recommends asking the players fortiapd preferences. He also advises to
supply the information of a serious game in a tradal format as well, for those people that
do not like games, or this specific game. Theregpaple who like learning in the traditional
ways.

2.3.4 Support of reflective learning

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

Leemkuil [19] discusses a number of tools and naghbat have been described in previous
literature as supporting the use of a reflexive whinformation processing. These are:
feedbackguidance additional assignmentsooperaton and collaboratiqoulebriefing 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 thenlieg 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 [19] 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 performarigrge amount of landings and getting
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this kind of feedback it is possible for a play@get some intuitive insight into how to
perform a landing. To be able to support a reflectvay 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 vgloeihd direction and steepness of the
descent. By comparing this information for differéandings players can discover new rules
about how to proceed under certain circumstanocemany cases however, even this
information will still not be enough because thayer does not know which information is
relevant and he or she will not be able to disctiwveressential relationships between the
available data. In these cases it is also necessaiffer 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 [19] points to research
of Munro, Fehling and Towne [27], in which a grapipstudents 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 [19] summarizes tb& of feedback 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 enougttinaulate a reflective way of information
processing. Especially in cases where actionstteadarge 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 advicemsysan support the player in organizing
the available information and stimuli and selecting relevant elements and focusing on the
relevant relationships between them. This kindwélgnce can result in increased
performance and knowledge, although in part ofr#search that Leemkuil [19] discusses it is
not clear whether this concerns intuitive or expkaowledge.

Additional assignments

The introduction of additional assignments int@a®is game or into the overall learning
environment has also been mentioned as one ofdlye t® encourage a reflective way of
information processing, by Reiser [34] among othAdilitional 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 aduhal assignments one can prevent the
player from rushing through the problems withoking 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 assignment$neibase intuitive knowledge rather than
explicit knowledge. According to Leemkuil [19], theason for this could be that the

16



assignments that were used were too directilVieey tell students what to do, help to discern
important variables and to set goals and in thatsgethey make the task easier to perform.
This could reduce the need to use a selectivectefiemode.”As stated before, according to
Reiser [34] it is therefore necessary to come up guestions 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 [41] collaboration can provoke activitgke learning more realistic and stimulate
motivation. Leemkuil [19] states that people inlabbrative settings are “forced” to share
perspectives, experiences, insights and undersigsidiccording to Zimmerman [47] it is
this “necessity” to share that helps learners t&entheir implicit knowledge explicit.

It is necessary to make a distinction between c@tjpe and collaboration in this discussion.
Leemkuil [19] provides the following distinction $&d on that given by Van Boxtel [8]:

“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 by Klawe and Philips [17], among
others. Their research suggests that placing twaope behind a single PC had a number of
positive effects. Their findings include the follmg:

- 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 asqileand paper or a calculator.

- Learners found sharing a computer more enjoyalale pitaying 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 [18], debriefing aims aising the information generated during the expenitake
activity to facilitate learning for those who haleen through the proc€s$eters and

Vissers [32] consider debriefing to be importartaaese not all people that play a simulation
game will be equally able to reflect on their exgeces during the game and to draw
conclusions from these experiences and apply thewal 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.
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Monitoring facilities

Monitoring facilities record the history of intetaan in a game and give the players the
opportunity to inspect this history. This allowsyérs 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 ac#ithted. Especially in complex
situations this should lead to a reflective modanfdrmation processing.

Publications on the effectiveness of monitoringliies are mostly limited to the area of
simulations rather than games and De Jong and &aimden [16] 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
[19] states thatrhonitoring 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§icllt to test hypotheses and to develop new
insights.
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3. Observation and measuring techniques for seriougaming

“Serious games, like every other tool of educatimnst be able to show
that the necessary learning has occurred. Spedficgames 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.” [23]

Michael and Chen [23 & 24] point to the importaméesome form of assessment, some form
of measuring the effectiveness, of serious gamssegsment is important in both educational
environments and in the corporate world. It playsmaportant part in modern education,
whether serious game developers and teachers eottisisl to be appropriate or not. In order
to be useable within a larger educational progesncational games will need to be
assessable in order to facilitate grading and toaestrate the effectiveness of the game as a
teaching tool. In the corporate world, serious gaan 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 gamagadively new teaching tool of which the
effectiveness still needs to be proven at largea Aensequence, schools and corporations
may be skeptical toward the use of serious gamesray require 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. ThiswabBaeachers 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 tionpeoved?

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

In this research, the focus will be on the secamtithird 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 differenétinods that can be used for assessment in
serious games. In section 3.1, traditional metlad@ssessment will be discussed, together
with those used in more traditional forms of e4fgag. In section 3.2 a number of challenges
faced in the assessment of serious games will bgiomed, followed by an overview of what
current literature has to say about assessmentiteeds for serious games in specific.
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3.1 Assessment in traditional learning and e-learng

Developers of serious games do not have to tabkl@itoblem of assessment on their own. In
traditional learning environments, and more regemilearning, the problem has already
been studied extensively. This has lead to a numba@ssessment methods that can possibly
be of use for the assessment of learning with ser@mes too. These methods, together with
issues that arise when they are applied to segamsng, will now 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 mutiptece questions. As an alternative, open
ended questions may also be used for assessmertcaodding to Michael and Chen [24]
“other options are interviews, based around partcydroblems, general problem solving,
surveys, or a mixture of observation, tests, atehiuews. Some of these methods of
assessment can be integrated into the game hselfhis is not a necessity. A good serious
game should make it easy to use these methodstthoug

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, whicprisbably the most important reason for its
use in e-learning. According to Modritscher ef26], limited-choice questions are suited to
reach lower-level learning objectives, such asllieagafacts, 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 [23] also point out that multipleice questions are not always the best
option: “While MCQs can accurately gauge memorization amehtéeon of a set of facts, they
are hardly the best way to gauge whether the stiiddnllowing a process correctiyin
disciplines such as mathematics the process useddh an answer (the calculation in the
case of math), may give much more insight into Whethe student understands the subject
matter or not than a correct answer does.

Another argument against the use of limited-chogestions in serious games given by
Michael and Chen [23] is thabtitside of a few isolated examples, such as TrRiabuit and
Who Wants to be a Millionaire, they have littlenmthing in common with video ganies.
Another example that could be seen as an excefatitins rule is the use of “conversation
trees” in many Role Playing Games (RPGS). In tiyesees, conversation with Non-Player
Characters (NPCs, characters that are controlletldgomputer) takes place by presenting
the players with a number of sentences to use @aeltheir character has the opportunity to
speak. Sometimes, there will only be one choicdabla 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 taggp in getting additional information,
avoiding a fight, or deliberately picking one.
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Aside from this example, which has seen it's usgeinous games and e-learning already,
there still is sufficient reason for Michael ande@t{23] to say the following:

“While a review of any collection of edutainmentwafi reveals that
MCQs can be easily tacked on to a video game, dmndpes 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 ofssobe used for quantitative approaches
as well. Both interviews and observation requieefthesence 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, allgwhe 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 discu#saach other and the time they spend on
certain parts of the game, among other things.

Jamornmann [15] lists five questions which he satgythe 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 tiigRi

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

agrwONE

These observations can also be made for face-toeammunications. 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.
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3.2 Assessment in serious gaming

3.2.1 Assessment challenges in serious gaming

Michael and Chen [23] discuss a number of challenigat are created by the medium of
serious games itself and by its newness, whichmtake assessment more difficult:

“With less emphasis on rote memorization of falsesassessment obtained from

traditional methods may not accurately reflect lb@rning gained from serious

games.

« “Open-ended simulations can support a wide rang®ss$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 garfies?

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€rsbse the knowledge is not explicit
enough. As Michael and Chen [24] put it in anotiest:

“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 twoassess the results of an open-ended
simulation and on the question of how to deal whkating can be found in the gaReller
Coaster Tycoomas is pointed out by Aldrich [2]. In this game which players have to build
and manage their own theme park, one of the metratss used is customer satisfaction.
This customer satisfaction, however, can be ineeéy the players by drowning the
unhappy guests. The question now is whether thiawer 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. Such things as political or religioesdis can be communicated as well. In these
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kinds of cases, assessing what the player haslgéanay be more difficult than assessing
whether he remembers a certain set of facts oNeertheless, there is an entire field of
study concerned with the measurement of mentaldftpes, called psychometrics, and
Michael and Chen [23] state thatt has evolved over the past two centuries anddeas
used to measure such disparate and seemingly inuredds capacities such as personality,
individual attitudes and beliefs, academic achiesetrand quality of life This suggests that
they believe the challenge of this assessmenttiamobstacle that can’t be overcome.

Cheating

Cheating is, in the words of Michael and Chen [28]time-honoured tradition in video
games. It is common for many entertainment games tataoncheat codes that allow players
to gain powerful advantages, such as invulnergholitunlimited 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 emenpeting 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 eaptoi of loop holes such as the one in
Roller Coaster Tycoqrns often unwanted, because it could compromisdearning
experience. Besides considering how to deal wigselin-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 occaifter the presentation of the learning
material, Michael and Chen [24] suggest that foioss games, both pre-game and post-game
testing should take place. The reason for thikasthe effectiveness of serious games is still
being determined. Without measuring what the sttgi&nowledge or abilities are both

before and after playing the game, it is impossiblsay 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 baea completed so far as well.

3.2.2 Useful features of entertainment games for ssssment

Many entertainment games already have a numbeatidifes built in that can give some
indication of what a player has learned. A numbéhese features, mentioned by Michael
and Chen [23 & 24], will now be discussed.

Game levels
Many entertainment games are divided in levelderkht missions the players have to
complete, different areas the players have to tsgyetcetera, arranged in a certain order.
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Michael and Chen [24] state that game levels caa gn indication of what players have
learned, saying that:

“Well-designed games start out with the simplegi$ewith each
following level building on those game features atrdtegies
introduced in the earlier levels. In a sense, sasfidly completing
a level demonstrates mastery of what the game taagyht” so far’

Tutorials

As Michael and Chen [23] point out, every compugi@me has a learning objective, even
those meant purely for entertainment: teachinggsapow to play the game. According to
Michael and Chen [23],Mlany game designers (whether intentionally or otliss) 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 [11] extensively, a certain form of assessnsgotesent in tutorials as well. Players are
instructed about a particular piece of the usarfate or on performing a certain action and
are then required to use this functionality or penrf 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 beeremeasiadditional 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 Michael@meh [23] is scoring. There is a large
number of entertainment games that features angeeyistem to assess the players
performance. This scoring shows a clear similaityr the grading of tests in education.
Besides being able to assess how well the playfeqmed, 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 [23] mention another form of assesnt originating from computer
games, discussed by Jim Brazell, consulting analyste Digital 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. Heesdbat a designer can only develop a game
that effectively simulates a certain phenomenoteaches information 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. Currently, this form of learnismi¢ar from common practice in the field

of serious gaming, but, as Michael and Chen [28liar “As the methods and tools of game
development become more accessible, perhaps thikind of “using games in education”
could take its place alongside other serious gaimes.
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3.2.3 Serious game specific methods for assessment

Michael and Chen [23] discuss a number of mamphisticatetiassessment forms used in
serious games, which should be effective in medtiegchallenges discussed in section 3.2.1.
They distinguish three main types of assessmeiat insgerious games:

- Completion assessmenDit the player complete the lesson or pass thé€test

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

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

These three types of assessment will now be disdussnore detail.

Completion assessment

Completion assessment means assessing whethgtea pienpleted the game or not. Since
many serious games are simulations, completingainge can, according to Michael and
Chen [23], be a first indicator that the playerfisidgntly understands the subject taught. They
state completion assessment in serious gamesas tegasking whether a student got the
right answer in traditional teaching.

As Michael and Chen [23] point out, completion asseent 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 usabitifygame skills in a real environment as well.
In the view of Michael and Chen [23]a$ the pedagogy of serious games evolves, assdssmen
in serious games will come closer to this simpéaidin the meantime, though, more is
needed

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 [23], such forms of assessmenuseful becausé¢he 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 [23] point out,
modern entertainment games even incorporate abiliti adapt their behavior to the actions
of the players, adjusting things like storylingsategies and monster strength. They say that
serious games could take advantage of these feature

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. Thedadgta and replays can also be very useful
as a basis for debriefing and group discussions.
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Teacher evaluation

Teacher evaluation is a combination of completisseasment and in-process assessment.
According to Michael and Chen [23[éspite the predictions (or fears) of some, serious
games aren’t going to be replacing teachers anysamen, and probably never. To that end,
serious games should include tools to assist teadheheir 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 have learne@h& more data is available, the less subjectivé tha
evaluation needs to Begs it is said by Michael and Chen [23].

Furthermore, teacher evaluation can also includemfation. Again, entertainment games
already provide some useful techniques. As Michadl Chen [24] point out, there are many
multiplayer computer games that include an “obsemvede” 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 inedhn playing the game themselves. For
serious games, such an observer mode can be usedhogther learners and teachers and can
possibly be extended by coaching options, rangioi fgiving simple instructions to

changing the effects of a player’s decisions aothicing changes of the situation into the
game environment.
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4. Holodecks and other simulation environments

“Holodeck” is a word that many people will know fnathe science fiction series Star Trek.
According to the online encyclopedia Wikipedia [44h] 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 i teries.

Although this kind of a simulation environment wdude ideal to have, there still is 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 wayhich it is used at GPR, a quick visual
impression and short description of what such a#etk might look like shall be given,
accompanied by a number of examples of similarrenments that have been set up by other
organizations. In section 4.1, the Holodeck envirent that has been used at the
Belastingdienst will be dealt with, followed by tescussion of a number of similar
environments in section 4.2: The T-Xchange Cell sintulation tools developed at E-
Semble. The exact concept of a Holodeck as it wtbkshed at GPR will be discussed in
the next chapter.

4.1 The Holodeck at the Belastingdienst

The Holodeck at the Belastingdienst was a roomwiaet used for so-called Proof of
Concepts (PoCs) during the development processieianformation system for the
processing of “toeslagen”. During a number of thee€ sessions, a group of end users was
provided with information about the new system #reprogress 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 complsteéar worked and was then guided in a
process of feedback and reflection on these expmrge

The Holodeck environment that was set up to sughede PoC sessions is illustrated in
Figure 4.1. It contained a projection screen faspntations, 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 reflectioncafeedback 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 systesnld function and allowed 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 pimneal solution.
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Figure 4.1 - Layout of the Holodeck and its varioosls as it was used during
PoCs at the Belastingdienst.
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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
discussed briefly, supported by some images to @ivisual impression.

4.2.1 T-Xchange

T-Xchange [39] is an initiative of Thales NederldwW. and the University of Twente.
Together, they have set up a high-tech simulatimirenment with rich tools for
visualization, of which some pictures can be foimBigure 4.2 and 4.3.

The T-Xchange Cell is used to support decision-mgkirocesses focused on designing
solutions for complex problems. This is done bybing together a number of experts and
stakeholders in an environment in which computeustion (T-Xchange uses the term
serious gaming) is used as a tool for visualizatiod as a way of providing a simulated
“reality”, including behavioral rules, in which pgle 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 esjmars of a sports stadium could have on
traffic, to design a new residential district arsdeatool for product design.

29



Figure 4.3 — Details of the T-Xchange C&l0]
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4.2.2 E-Semble

E-Semble [10] is a Dutch organization based in Delhich designs and develops tools for
training and education of safety and security gsifenals. 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 Figutefdr incident management training. The
focus of Diabolo VR is on this digital world, binere are some elements that have been
added to the environment in which the game is plagiat make it more then just a serious
game.

Often, the game world is projected on a large farimé&ront of the player, rather than being
displayed on a regular monitor. This is a smalb stethe direction of virtual reality, since the
game world, which is seen from a first-person pectige (through the eyes of the character
the player is controlling), is now displayed at arexproportional size, increasing the realism
of the experience. Furthermore, communication witter players occurs through regular
communication means such as radios, taking a péte@ame outside of the control of the
computer program and into the real world environnaéithe player, which may also increase
realism. A picture of this can be found in FigurB.Besides this, the scenario of the
simulated disaster or emergency situation is neffiged, but can be manipulated by a game
master controlling his own computer, which is lidke that of the players.
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Figure 4.2— One of the virtual simulatior
of disasters developed by E-Sem[16]

Figure 4.5 — E-Semble uses large projections
and the use of regular communication means
to enhance the game experiend€]
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4.2.3 Virtual reality

Besides the examples that have been discussedis@sfiakely there are a number of other
simulation environments that have similar charasties and serve similar purposes.
Furthermore, another kind of simulation environmibat 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 ifullyvirtual environment. Mostly this is
limited to visual experiences, such as head moutitgalays or stereoscopic displays (which
create a 3D illusion), but there are also numeemysronments that provide other sensory
information, such as sound or haptic feedback.reigué shows one of the more impressive
examples of virtual reality technology. An inteiegtdiscussion of how current and near-
future technology might be used to provide theedéht kinds of sensory feedback present in
the Star Trek Holodecks has been written by Rh{gigls

33



Figure 4.6 — The VirtuSphere, a
device that allows for free
movement in all directions during a
virtual reality experiencg42]
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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 cgerlifor 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.
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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 usethie 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 sends out the right impression
to the Holodeck participants, engaging them in what is being simulated and their role in
this. If a few simple tools can create such an esgion, this is good enough, or even better.
If some more advanced tools can enhance the erperithese might be worth considering,
or even be necessary to allow a Holodeck to be imsad optimal way.

A list of required hardware in a Holodeck that udeas a tool or as a means of delivering a
virtual simulation can be established, regardiésshether such tools are high-tech or low-
tech. This hardware will be discussed in its gdrferan in the text below and in Appendix A,
a number of concrete hardware tools and their estichprices can be found.

Interaction facilities

When a Holodeck offers a virtual simulation or pd®s an information system as a tool,
participants should be able to interact with tlyisteam, which means one or more “work
stations” have to be present. Such a work stationld consist of input devices, a monitor
(and possibly other output devices) and a comgatgsrocessing.

Participants may use such a work station indivigua small groups, or one of the
participants may interact with a system while theug influences this interaction through
face-to-face discussion.

One or more central displays

Next to individual workstations with an individudisplay, there may also be a need for one
or more larger, central displays which can be $setihe entire group of participants. Such a
display may be used during presentations which tiighheld as an introduction, but may
also present a group of participants with the seiee of a virtual world or object, which

may then be discussed. It may also be used to affgrisual aid that can be used during
reflection and feedback sessions. This may bedridim of presentations with points of
interest, but may also include replays of the bahaof participants during their
experimentation or an overview of the results ahsexperimentation (performance).

Such a large central display may be provided bgaarier and projection screen or a large TV
monitor, but may also include larger or technicatigre advanced displays such as the ones
that are used at T-Xchange.

Reflection facilities

Both environments that are used for developingatisa to a complex problem and
environments that are used for training or eduoatwould allow the participants and
facilitators to discuss and reflect on the expemsngained during a simulation. The
environment should provide the tools for this pssceSuch tools may be as simple as a
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whiteboard, a flip-over, or both, together withauple of markers. As was already mentioned
above, a central display may also be used to peoviglal guidance to such a process.

In technically more advanced settings, videotapmght be used to capture the behavior of
the participants within the environment so it maydvaluated later on. Any interaction with a
digital simulation or an information system thatiged as a tool may be tracked for later
reflection by detailed logging and playback functbties.

Network facilities

A network may have to be set up in the Holodeckrenment if different PCs have to be
linked to each other during a simulation, or if #wions and results of individual players
need to be logged and stored centrally.

Any local network, such as a router and a few Etbecables may suffice to provide such a
network, or a network that is already available bamnused. Security precautions and access
restrictions should be taken into account when suchtwork is set up as well.

Furniture and decorations

Although furniture and decorations fall outside sitepe of IT hardware they can be of great
importance in a Holodeck. First of all, furnitur@ynhave a practical value. The amount and
type of desks, chairs, tables, tools such as pempaper and their arrangement in a Holodeck
environment may have a strong influence on theactens that can be performed within
such an environment. Furthermore, furniture anth&rrdecorations may also influence
participants on an emotional level. They can bel tgesimulate a certain environment, like
an office, but may also be used to submerge paogle environment that is different from
their normal work environment, making it easieteibgo of their old thinking patters. The
Holodeck used for PoCs at the BelastingdienstXamgple, had been decorated in IKEA
fashion with a number of work lamps and a smal| fay both practical and emotional
reasons, the physical arrangement of a Holodeckamaent should be carefully considered.
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5. The Holodeck concept

The concept of a Holodeck was invented by MartitHdas, 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 ofréaie “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 to 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 environmiérg.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€aPR will now be discussed in more detail,
starting with a discussion of the purposes for WladHolodeck 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 $b&up of the Holodeck environment and a
Holodeck session will be examined and in sectidrebgeneral definition of the term
“Holodeck” shall be given based on these previdasus$sions.

5.1 Purposes of a Holodeck

The idea of a Holodeck originated from the obseowveathat during the development of IT
supported solutions, most of the time seems toesied 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 concepliss Theans they might be talking about
different things without realizing they are, beatise terms and models they are using are
the same. It was believed that by taking similgisteng applications that contain interesting
(parts of) possible solutions or working prototypépossible future applications, it would
become a lot easier to make things more explictersure that everyone is talking about the
same concepts and interprets them in the sameag/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, hoavayuld 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 Holodeake&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, processnvironment, etcetera) and interact within
this reality. To make such an experience as rich@ssible, a Holodeck seeks to submerge its
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participants fully in this experience, mentally,anally 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
B, the following purposes that a Holodeck migheewere 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 adminstsaresponsible 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 existing solutions of other orgati@ns 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 advantagesdisadvantages 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
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prototyping, a Holodeck does not just offer an infation system to experiment with, but
allows its participants to experiment with all kioflsolutions, processes and collaborations
not necessarily 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 deternfagesible 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 solutiamlamay 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 identifiesl 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 furadti@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 in arlm@timore efficient way and can
determine what value these steps add for the cestdrhis way, a Holodeck 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 to allow people to
interact with it in the way it should be used ks/énd-users. As such, it may also be used to
provide these end-users with a clear image of Wigsolution looks like and how it
functions and will allow for the simulation of tasthey would have to perform with it in
reality, allowing them to practice these tasksrireavironment in which mistakes can safely
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be made. Therefore, the Holodeck may be very deitaba 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 enepsance 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.
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5. 2 Use of the Holodeck

Some of the purposes described above can be rétagadth 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 Figbré and will be explained further below:

1. The existing “reality”, the current situation, isadyzed to identify the problems that
exist in this situation and the changes that asirelé. 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 supportiaguirements definitiomentioned
earlier.

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

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

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

4. Based on the chosen solution direction, a numberai are identified that may be

necessary to reach such a solution, such as céustaitionalities in an information

system that could support the process. A distinasanade between tools of which it

is sure that they are necessary and tools whichtrbig 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 newitgand evaluate it. This way,

participants can determine what implications the afsthese tools has on working
within the simulated reality and may identify nemlplems and tools that are required
to solve these problems or tools that may imprbeecurrent situation. Because of
this, step 4, 5 and 6 may be repeated a numbene$tto gradually improve the
situation until a situation is reached that is cdexed adequate.

This process may support the goasopporting desigroptimizing processesr

assigning valuelf the Holodeck reality that has been develofgea $mall scale

version of the actual reality, but has reached detigm on this smaller scale, it may
be used to support the goaldgveloping a business cazg well.

7. Once the development of new tools has led to amawga 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¢lde Holodeck reality, or once a
complete solution has been reached in the Holodsadky through a number of
iterations.

oo
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Figure 5.1- The way in which a Holodeck may be used to supoibus goals
during a process of adaptation or change.
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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@ @gégar 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.
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5.3 Setup of the Holodeck environment and a Holodksession

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, ifitest in Figure 5.2, 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 ithgupport

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

Introduction phase
Experience phase
Reflection and abstraction phase
Implications phase

bR

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 can be presented with
the necessary background information, informatiooud the progress that has been made
since the last session, or information about tlgnass of the 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 #uessary 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 whichoh 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 adffecent 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 5.2- Layou of the Holodeck as it was used during PoCs a
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 in translating 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 mayung on the wall to visualize the
abstraction process. The discussions should beduig a facilitator.

4. Implications

Finally, the experiences and derived abstractiamsbhe 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 for the planning of the depment process, which may have to be
revised.
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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 thierview with De Haas:

- Domain expertSomeone who has full knowledge of the problem @iorand knows
exactly what should be achieved by the new wayarkimg. This expert is of
importance during the introduction phase and mésr@dvice and guidance during
the experience phase.

- Expert on toolsSomeone who has full knowledge of the tools #matused 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 duringefection and abstraction phase and
the implications phase. The domain expert and éxyetools should also be available
during the reflection and abstraction phase, teivecfeedback and deal with
guestions that touch on details within their amefasxpertise.

- Project managerSomeone who can position the content of the Hemtlidession in
the overall (planning of) the change process. €kjgert 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 expertise on how to
offer content, rather than what to offer.

These experts do not have to be individual pedqplerepresent the required areas of

expertise. A domain expert might be an excellecitifator as well and a serious game may
be developed by a team of game designers rathe ot
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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 fiogiortant elements that may help in
formulating such a definition:

Environment
“Reality”
Simulation
Experiment

Environment

A Holodeck consists in a physical environment, saska 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 environitsen

The Holodeck environment is clearly separated ftbenoutside 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 existehceales, behaviors, arrangements, etcetera.
It may be a certain object for example, but alsgltysical properties and the laws of physics
that operate on it can be considered as a pahneakgality 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 batstieg realities and realities that could
exist in a hypothetical sense.

Simulation

According to Wikipedia [46], Simulation is the imitation of some real thing,tetaf affairs,
or procesy, 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 performed witwithin this simulation do not affect
the outside, “real” world.
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Experiment

Experiment refers to the fact that, during a Hotddsession, 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 £fietiiese actions.

Experimentation does not have to be completely, fsaemay 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 haa bstablished, they can be combined with
the purposes of a Holodeck that were discusseédation 5.1 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 natiare 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 asi training, this is the definition of a
Holodeck on which the discussions in the remaimdéinis 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 thpa#s of the discussion can be translated to
other kinds of processes and solutions as well.
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6. Serious gaming and the Holodeck

When looking at the purposes of serious gamingth@dHolodeck 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, as discussed in section 5.3.1. At the siameethe idea of a Holodeck environment
as a place where the fantasy that is createdeni@aus game might reach beyond the edges of
a computer monitor, or where gaming could immedjdte combined 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 addade 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 usability of assessmettiads for serious games that were
discussed in Chapter 3. Before the discussion @settopics is started however, it is useful to
make a distinction between the dynamic and staticai a Holodeck and the ways in which it
may provide a simulation.

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 and optimizing procesbesddlodeck is subject to change,
since the “reality” is constantly evaluated anditheapted.

- 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.

The distinction between these ways of using a Hatkdnay 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 diffierevays:

- The environment may offer the tools to presenttaal 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
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Besides any implications this distinction might édwr the arrangement of a Holodeck
environment, it also has important implicationsttoe 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 usitdplodeck is also possible. An example
of such a combination can be found in Diabolo VRhéugh the disaster area is a virtual one
and the participants interact with it by means gfyatick, interaction with other participants
occurs outside of the virtual world by means ofsambntact. The use of a radio and the
communication with others are now a part of theusation that takes place within the real
world environment. These different forms of usinga@odeck to provide a simulation may
have several implications, which will be dealt withthe 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 aia Holodeck may provide added value
to serious gaming. Particularly the use of a Hobdeself 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 begraoimmed 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, meanstttagame 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 @@ or on the behavior of the game
world (e.g. physical forces, economic forces).lbsed simulation, the game world is created
of predefined object and the properties of thegeatd and 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
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possibilities for interaction the game world offéfgork is done according to a predefined
process specification, or a game is played accoridira 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 combinatanthe places where several digital and
real life simulations belong are illustrated in g 6.1.

Open rules, closed rules and open and closed diowlaay 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 thefumeh a simulation environment. First
of all, the simulated environment itself may behawvanexpected ways, or seemingly
irrelevant aspects may turn out to be relevanir&ighter, 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 emmove at same constant speed because
he gets tired after a couple of minutes. He midga &ip over one of the hoses during a real
life simulation, something that is even harderredict. On the other hand, the player may
also discover that a staircase that has partiallggsed is still sufficiently useable for an
evacuation.

“Open” simulation may also lead to unexpected baraand 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 cdsreall 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 of interaction players get while playangame 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, which may restrict the players in
the actions they can perform.

Closed rules are particularly useful in static emwvinent, 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 gigdints 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.
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Free experimentation in a Open Holodeck

fixed Holodeck environment experiment
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Figure 6.1 — Open and closed simulation and rules.

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

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

As can be seen in Figure 6.1, open-ended computefagions 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 have h@edefined 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 gitthe 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 opennes
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Furthermore, while in regular video games the nmigm&sence of the players is often
accomplished by means of an avatar (a virtual ci@rghe players can control), in a
Holodeck environment the players may become tha tz@racter 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 videmes that do not use avatars, such as
simple puzzle games, strategy games and simulgsiores 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 providerder of advantages to a serious game.
Although the hypothesis would have to be testeskdims likely that physical situatedness
will enhance the sense of realism and by its tathimersion 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 ptaisharm, or damage to equipment or the
game world. In such cases virtual simulation max lbetter option.

6.1.3 New forms of interaction

The use of a Holodeck may cause changes in thenwalkiich 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 feedbackithptovided in such a simulator. Other
examples of non-standard interaction devices mépuned 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.

When a Holodeck is used as a part of the game witidde 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 intevdttt other characters in a simulation. A
game master may act in various roles, such astarmas 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 improvisatiord may therefore contribute to a more
open simulation. A Holodeck may also contain phasresther communication devices that
allow for communication in a way that is approgei&tr the reality that is being simulated.
Alternative input and output devices, human intioscand appropriate mediums for
communication may increase the realism of a siranaihey may also allow for the
simulation of realities that are difficult to sinait# in a virtual way and allow for more open
interaction.
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A disadvantage of any interaction that does natlirerthe use of a computer is that the
computer system doesn’t have any way of monitogind controlling such interaction either.
This means that the enforcement of rules and thatorong 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 together in a single environment
during a Holodeck session. Besides this, the cdradep assumes that a number of experts
are present during the session, who may offer guiel@o the participants and the whiteboard
and flip-over can be used for debriefing and grdiggussions. In 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 Hmtldhat 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 faergshrts 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.
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6.2 Added value of serious gaming for a Holodeck

The use of serious gaming as a learning or comratiaittool has been advocated by many
writers. Abt [1], for instance, wroteGames 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 ganmaaémgy, 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 simulatiogaane world and an underlying
model.

- Game technology may be used to manage issuestrétegmmeplay: 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 [39] can be
highly suited for creating virtual worlds and fetdesign of physical products, but may be
less useful when dealing with a large administeasiystem.

Similarly, the possibilities for the use of gamereénts in a Holodeck setting will also
depend on the purposes for which it is being useldtlae way in which it is used. If open
experimentation is desired, a Holodeck environnh@stno use for a fixed storyline or a solid
set of rules. Likewise, such elements may be diffito introduce into a dynamic Holodeck
environment, of which the form is constantly chawggiBecause of this, it may not always be
possible to create a full serious game containihgpaof the elements discussed in section
2.2.1, but game elements may also be introduceataigy 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 tecblogy

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, immedibt receiving 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
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problems and opportunities. It will also ensurd ffeople share the same mental images and
definitions of concepts.

Game technology can be used to demonstrate theibeloddynamic computer simulations,
visualizing the consequences of the changes paatits make to the simulated world. Proper
visualizations may also increase the realism, cetepkss 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 environmenttapcexperimentation 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 elents

Game elements may be added to the setup of a Hil@hwironment and a Holodeck session
to enhance the Holodeck experience in various wagsending on the situation in which they
are used. These possibilities for providing addadeswill 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 maka #ttractive. Visualization of an
alternative reality by means of digital represeotet and the introduction of a story may
prickle fantasy and curiosity, while goals, compieti and uncertainty may cause challenge,
stimulating the players’ will to perform.

While interaction, an underlying model and somenfaf situatedness should already be a
part of any Holodeck experience, these elementsatidito 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 newysitee for each session. Similarly, if the
design or optimization of a solution to a certaialgpem 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 scoringham@sm is developed by which
performance can be compared with that of previessiens. Whether such performance
metrics can be developed in a specific situatianisther question however.

If competition or additional challenges are introdd into an environment that is intended to
be open, one should be careful not to impose relased to such challenges or forms of
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 elesraetincluded. Depending on the
situation, certain game elements may be addedHm@leck that is used in a dynamic way as
well however, or aspects of the experience sugoaks and challenges may be presented in a
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game-like fashion. If the attractiveness of a Helddexperience can be improved in one of
these ways, it is likely to enhance the activeipigetion of participants.

Guidance and story

Besides helping to create a fantasy which playeégbinengage in, the element story may also
be used to provide a certain guidance and strutbtuseHolodeck 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. Gameheology can bring stories to life with a
combination of text, audio and video, all in arenaictive way.
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6.3 Usability of assessment methods for serious gamg for a Holodeck

In Chapter 3 of this text a number of methods aatktthat 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 primepssvement, 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 quastiand interviews can be used before,
during, or after (a certain part of) a Holodeckssas to measure the effectiveness of the (part
of the) Holodeck experience as a teaching toolhS$onethods 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 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 Hgalods well and may cover both
interaction within a digital game environment antéraction not concerned with the use of a
computer. Observation of players becomes eas&iHolodeck environment since there will
already be one or more facilitators and expertsene 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. Thedif§ of assessing the different results that
may be reached in an open-ended simulation will oxdrease 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 attskils such as teamwork, for which a
Holodeck may be a suitable learning environmernit,still be an issue that needs to be dealt
with.
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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 tmtgfilayers perform a series of tasks
before they are provided with a new, more advasetdf challenges. As such, a game level
mechanism may also be applied to any (part of d&)ydiewk experience that takes place
outside of a computer program. Similarly, a sconmgchanism can also be set up for any
interaction that is not concerned with computetse ®nly new challenge is keeping track of
such scores and combining them with any scoresatieatneasured within the video game.
Assessment through game construction seems togtieatpe in the same way as was
discussed in section 3.2.2. Tutorials howeverharéeer to convert to the real world.
Although the sequence of instruction followed bgqgiice can be translated to actions outside
of a computer system, such as a step-by-step atitnuon 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 wiayinore 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 thewsaynas 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 task is completed.

In serious games, tracking of the players’ actemd corrections that are used to reach a
certain result can be done automatically to fat#itin-process assessment. In a Holodeck
experience however, actions outside of the commytstem that are relevant for the learning
experience will have to be tracked (and recordedpime other way. The most obvious way
to do this is through observation. Videotaping nige used as a tool in this process, but one
should note that, if one wants to follow the garnredadly with a moment of reflection and
group discussion, it will be wise to make a dirglzservation of the players’ actions as well.
Of course, any behavior that was recorded eithefideo 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 maraetiections that need to be taken into
account, such as the occurrence of teamwork. Nesleds, the statement of Michael and
Chen [23] that was quoted in section 3.2.3 thattlee data is available, the less subjective
that evaluation needs to be, still holds.
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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 kofddolodecks 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 describeecios 5.3. This Holodeck was used during
so-called PoCs (Proof of Concepts) that were heldmaber of times during the development
process of the information system for Toeslagen.

The second kind of a Holodeck that was developdkdeaBelastingdienst was an entirely
different kind of Holodeck. It was intended to deéth the subject of change and
collaboration that is required to make these chaisgecessful on an emotional level. It
offered participants an experience that consistegatching 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 second Holodeck was created by studétite School of the Arts in Utrecht

(HKU or “Hogeschool voor de Kunsten Utrecht” in B} and shall be referred to as the
HKU Holodeck to separate it from the Holodeck tiwas used during PoCs, which shall be
referred to as the PoC Holodeck after this.

This chapter will provide a case study of how addelck might be used, dealing with both of
the Holodecks at the Belastingdienst. In sectidntile PoC Holodeck will be discussed,
giving a description of its purposes, its setup lmo#ing back at its successfulness. In section
7.2, the HKU Holodeck will be discussed in much shene way, explaining its setup and
purposes and then looking at the reasons for whielenvironment was not used as it was
intended and the ways in which it was successfidndless of this. This will be followed by
an identification of the lessons that can be ledfnem this.

7.1 The PoC Holodeck

The PoC Holodeck and the PoC sessions that wedeheed¢ were used to present a new
information system in its various stages of deverlept to a specially selected group of end-
users. The system would process as much of thiécatitins concerning “toeslagen”
automatically. If automatic processing was not fidesthe system would present a
notification to these end-users, to be processedially, which would also be supported by
the system.

During the PoCs, these end-users were introducttktparts of the system that had been
completed so far. There have been three PoCs fiohvittre PoC Holodeck was used. What
purposes these PoCs served and how these PoQsealddlbdeck were used will now be
discussed.
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7.1.1 Purposes of the PoC Holodeck

The PoCs at the Belastingdienst had a number d$ goa which the Holodeck was used as a
tool. These goals are listed below, stated in terhtee purposes described in section 5.1.

- Serving as a design instrumeint a limited way: The overall design was prededin
but feedback during the PoCs would still be usetdlenaking small-scale
adjustments and identifying future requirements.

- Supporting salesAlthough there already was a contract with th&aBngdienst one
of the purposes of the PoCs was to demonstrateéhthatevelopment was going in the
right direction.

- Optimizing processe# a limited way: Experimentation with the nevssgm could
lead to new insights about the implications ongheounding process.

- Assigning valugin a limited way: The “toeslagen” system wasied in several
components. Experimentation with the functionattynpleted components offered
could be used to give a global estimation of tkelue (in a non-monetary way).

- Serving as a training instrumenthe PoC Holodeck was intended to be used for
training as well, although it is unknown whethds thctually happened at this point of
writing.

- Supporting change managemeriis was one of the main purposes of the Holodeck
It was intended to present the new system in amasting way, create a feeling of
involvement in the development process among erdswmnd illustrate what the new
system and process would look like and what impbee their introduction would
have on these end-users.

7.1.2 Description of the PoC Holodeck

The Holodeck environment was set up at the offiat® Belastingdienst and followed the
format that was described in section 5.3 and st in Figure 5.2. 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 ussdgport presentations. These
presentations usually included the following infaition:

- An explanation of the general way in which notifioas are processed by the new
information system and process.

- Atimeline of planned system development and noless$ (planning of completed
functionalities).

- A small reflection on what was done during the pras PoC.

- An explanation of the content of this PoC and th€#®after that.

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-ssBuring this phase, participants were
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provided with a partial version of the “toeslagesytem. During each PoC, new
functionalities that had been developed sincedhedession were available to be used.

For each session, a number of tasks were addée twdrkload in the system. That is, a
number of dummy notifications were supplied thatheeontained 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 asstjons 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 guidedégilitator and supported by the use of
a whiteboard and flip-over. The whiteboard was usegtovide visual support to discussions
and explanations, while the flip-over was usedaptare findings in a more definite way so
they could be documented. The discussion was fdooiseéhe following topics:

- Winding up the discussion about any small bugsshipped through the testing
department and were reported during the previoasgh

- Placing the tasks performed in the experience pinctbe overall process to continue
the discussion at a higher level.

- ldentifying which parts of the current solution g@od, which need to be improved an
which are still missing.

4. Implications

During the implications phase, the implicationshe experiences with the system for the
Belastingdienst, the Toeslagen department and tink W this department were considered.
The progress of the development process was coahpatbat of the overall planning and the
planned date and content of the next PoC.

A number of images, graphs and models were huranerwall of the Holodeck to support
this discussion, these were:

- Animage in which the four most important stakeleotdwere represented: citizens,
the management board of the Belastingdienst, tbeslhgen” department and
national politics.

- A process model illustrating the different notitioas that can be received by the
“toeslagen” system and the way each of them shoellprocessed.

- A graph illustrating the planned development precasd the moments at which PoCs
would be held.
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7.1.3 Evaluation of the PoC Holodeck

Looking back at the use of a Holodeck at the Belgdienst during PoCs, it can be concluded
that its use has been fairly successful. Parti¢gpesponded well during and after the
Holodeck sessions and it has been able to sugpmogdals for which it was set up.

It can be noted that the Holodeck was not useldarekact way that was described in section
5.2. Ideally, the Holodeck should be used in situestin which the form of a solution to a
problem is still unclear. In this case, the deveiept of the “toeslagen” system followed a
traditional design approach and the specificatans design of the application were
determined before the Holodeck was used for tisé tiime. As such, the Holodeck could not
be used as a tool to generate a new “reality” eantster this back to the actual reality. The
Holodeck was able to support the design procesdentifying issues that could be solved
with small scale adjustments.

Besides this limited role in the design of a neulitg, the Holodeck sessions focused on
discovering the implications this new reality (th@w information system and surrounding
process) would have and on determining whethantitadly offered a “workable” solution and
whether there was enough support for this new isoluln this, the use of a Holodeck can be
considered successful, according to De Haas.
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7.2 The HKU Holodeck

The other Holodeck that was developed at the Begdienst was an entirely different one
than the PoC Holodeck. Leaving the office environtieehind, an interactive experience
consisting of video fragments and tasks that neéulbéé performed in an interactive
environment was developed. This experience andithedeck environment were created by
a group of AVM (Audio Visual Media) students andraup of DMD (Digital Media Design)
students of the HKU. The purposes for which theyetliped this Holodeck and the shape this
Holodeck took in the end will now be discussed.

7.2.1 Purposes of the HKU Holodeck

The HKU Holodeck was primarily created to deal wibues of change on an emotional
level, which would be caused by or required forittieoduction of the new “toeslagen”
system and surrounding work process. Like the gafaise PoC Holodeck, these may also be
stated in terms of the purposes described in sebtib

- Serving as a training instrumenthe HKU Holodeck was intended to be used as a
part of the training program, but in the form ofémal preparation” rather than actual
training.

- Supporting change managemenhe new information system and process would lead
to a new way of working and required a new attitadea number of points. The HKU
Holodeck was intended to deal with a number of gkearat an abstract level:
collaboration, trust (in each other and towardzeitis) and a change toward a work
process that is driven by the events in the lifastzens, rather than formal
procedures and rules at the Belastingdienst.

While the PoC Holodeck was intended to let paréinig experience and experiment with a
certain (simulated) reality, the HKU Holodeck wased at changing the perception of a
reality. It was intended to affect both the attéyshrticipants had towards the new
information system and work process and theiruatéittoward change.

Altering the ‘perceptiori or “attitude’ of participants may be very important in certain
situations. It can be necessary to force partid¢gpant of their old thinking patterns before the
creation of a new solution, or the way participdatk at a (future) “reality” may need to be
changed before they are able to understand ané@gap® a new way of working.

This way, a Holodeck focused on changing the pei@epf a certain reality may become
what might be called a “tool” that can be usedréaching other purposes (of other Holodeck
experiences). Nevertheless, since change of pevoepés the only purpose of the HKU
Holodeck, it should also be seen as a separat@éousé goal which a Holodeck might serve.

The way in which the HKU students tried to altex gerception of Holodeck participants will
be discussed next.
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7.2.2 Description of the HKU Holodeck

During interviews the employees of the Belastingdiendicated that the way in which they
experienced their current work situation could bmpared to that of a mole; being in the
dark and only occasionally catching glimpses ofdhtside world through a small hole. For
this reason, the HKU students decided to locatédtiiedeck experience in an underground
setting, a room resembling an underground powettpla be more precise.

Participants enter this environment without knowen@ctly what to expect. At this point, the
room is still very dark. After pushing a big redtiom, a sequence of video fragments starts
playing on a monitor hanging on one of the wallsdmg the participants through the
experience. The first video shows a machine praogsmper notifications for “toeslagen”,
and then a number of other machines, breaking dowrchaotic compilation of images.
More lights in the environment go out and red eraroy lighting is turned on. The monitor
now displays a “news item” that informs of an eryecgsis in the Netherlands. As the story
progresses, participants learn that the environtienytfind themselves in is in fact a power
plant that needs to be brought back into operatiahthat they are the ones who have to do
this. They are supported in their task by “somea@peaking from a higher level of the power
plant: in a “shaft” in the ceiling, a monitor diggk a person who asks the participants to
perform a number of tasks, such as reconnectingsveind replacing batteries. These tasks
require cooperation and are often presented asdadfipuzzle or challenge. As participants
complete these tasks, new “news items” will be ghdwagmented through all this, there is
also another video that is displayed, which télés gtory of “Felix Fiscalini”. Due to his bad
handwriting, some of the information on his “tog&a” notification form is processed
incorrectly and these errors are reflected in bigal life: he grows old because his date of
birth has been entered incorrectly and becausé &6 mistaken for a “6” in one of the
fields he is suddenly surrounded by a bunch oficéii. In the end, Felix sends in a new
notification via the online portal and his liferesstored back to normal, while the energy crisis
also comes to an end around the same time. Theierpe ends with a news item in which it
is announced that a new system for “toeslagen”lveilleveloped because of certain
unfortunate events caused by incorrect procesasitigei old system.

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

Although the experience provided by the HKU Holdde@s not often referred to as a
“serious game” or just a “game”, it shows a numdfesbvious similarities with games. In
fact, all game elements that have been discusssettion 2.2.1 may be found in the
experience.

There is a clear goal for the participants durlmgéxperience, although this is not known at
the start: they have to resolve the energy cnisteé Netherlands by bringing the
underground power plant they find themselves irkbaio operation. To do this, they have to
overcome a number of challenges as a group, suichrasig a human chain between two
points in the environment to redirect an electraatent. There are also rules that determine
when such tasks have been completed successfully.

Interaction is obviously present as well: as saotha participants have completed a task,
such as creating the human chain, the story witinoe and the group will be complimented
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on their work by the “person” at the top of thed#ih The environment will also grow
brighter each time a task is completed by lightt #re switched on.

There is also room for uncertainty within the exgece: participants are provided with some
advice that gives a hint of how to complete eask,thut some of these hints remain vague
and participants will have to look around and ekpent in the environment to discover how
to complete them.

There is no competition between participants orpetition in the form of beating a high
score, but participants are faced with the chaberfgoeating the system together.

Finally, the experience is clearly situated in adfic “fantasy”: The game world consists of
both the physical environment the players find thelves in (the power plant) and the world
that is presented to the player through the vidleasare displayed. Furthermore, the
experience tells a story through the different ggléhat are displayed. In fact, there were two
stories: the story of the power plant and the gnerigis, in which the participants played an
active part, and the story of Felix Fiscalini, whiwas actually somewhat separate from the
rest of the experience, but was shown in fragmieetiween the other videos.

The HKU Holodeck shows how a real-world environmeiaty be used as a game
environment. It also demonstrates that it is pdssibset up a Holodeck experience in such a
real-world game environment, while still being atwdet this experience be controlled by a
computer program.

7.2.4 Why has the HKU Holodeck never been used?

When the HKU Holodeck had been completed, it wasatestrated to the group of end-users
that had been selected for the PoCs. They showeditive response to the experience and
indicated that about 80% of their colleagues wdagldnterested in visiting the Holodeck as
well. The Holodeck was also shown to the Managerieatn (MT) of the Belastingdienst
and they showed a considerably less enthusiastition. There had been one member of the
PoC group who did not feel comfortable in the Helcklenvironment and had left the room
at an early stage and the MT made an issue offthey indicated that the environment was
too dark and gloomy. Furthermore, they indicated the experience lasted too long, while
the available time for training was very short amthe end they decided that the HKU
Holodeck would not be used in the training progemd should be dismantled.

This decision is in contradiction with the enthssieof the group of end-users. One of the
explanations that have been suggested for thimtstany end-users belonged to the game
generation, while the MT consisted mainly of pedméonging to the non-game generation.
This may explain why the PoC group was able to egipte the game-like environment, while
the MT was not.

According to one of the people who supervised thetbpment of the Holodeck at the
Belastingdienst, the contradiction may have anatiptanation, that doesn't lie with the
Holodeck experience itself: the initial concept tloee Holodeck was approved by the MT, but
this was done by a member who left the organizathmrtly after that. After this, no
replacement could be found within the MT to takerowe task of supervising and monitoring
the development of the Holodeck up-close. Due i) tince the Holodeck had been
completed, the MT was surprised by the looks ofHb&deck and the goals it tried to
achieve. Subsequently, they did not try to consilderexperience from an end-user point of
view, but stuck to their own, not allowing thems=to be engaged in the experience.
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This explanation indicates that the rejection ef itolodeck may have been due to a failure to
involve all relevant stakeholders and decision mgkather than a failure to create the right
experience. Because the Holodeck was dismantledyshéter the decision of the MT, this is

a question that could not be researched any further

It should also be noted that the HKU Holodeck watsemtirely discarded by the MT. The
Holodeck will be rebuilt at another location, todisplayed at the Future Center of the
Belastingdienst. MT also indicated that they weileisterested in the video material that was
made for the Holodeck experience and would usetise training program separately.

7.2.5 Lessons learned

Regardless of what the most important reason ®réfection of the HKU Holodeck as a
training tool was, there are a number of lessoasdan be learned from it.

- The physical submersion of participants in an emitent may have a stronger
impact on people than a game world displayed arees. If an environment or
experience could be conceived as threatening, te@hsubmersion may become too
much to handle for certain people.

- Active involvement of all important stakeholderglatecision makers before and
during the development of a Holodeck experiencedgsiired. Stakeholders should be
aware of the purposes for which a Holodeck willlsed and of the way in which the
developers intend to reach them. A clear concepildibe set up and approved in
advance and the resulting environment and expezishould be demonstrated a
number of times during development, to create arand realistic expectations.

- There may be people who cannot, or do not wanhterstand the usefulness of
unconventional teaching methods such as games“absfract” goals such as the
ones of the HKU Holodeck. If their objections ardaunded, one may try to convince
such people, remove them from any crucial decisiaking positions, or, if this is not
possible, try to concede to them by including psgsothey can understand.
Assessment may be used to provide the evidence tHatodeck experience is
effective in reaching its purposes.
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8. Conclusions and recommendations

In this section, an answer to the research quesfitins thesis shall be given and
recommendations for future research and for GPR lshgrovided. Before this, an answer to
each of the individual sub-questions stated ab#gnning of this text shall be given.

8.1 Answers to sub-questions

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

Serious games can be effective tools because iofatiactiveness. This attractiveness is
caused byantasy challenge curiosity, andengagementaused bylow. Such attractive
characterisics may be integrated into a game byingalse of game elementschallenging
goal, rules and an underlying modelompetitioninteraction uncertantyandsituatedness
and story The way in which these game elements are givapesim a serious game should
depend on the purposes for which it is used anth@personal characterisics of its intended
players.

Games are organized in a way that encouragesayens to use aexperiential learning
strategy In serious games, it may be necessary to stimtiat use of eeflective learning
strategyas well, which may lead to new explicit insightglatrategies which can be
transferred to other contexts. Based on researtbkerhkuil [19], a number of tools and
techniques have been identified that may stimulseuse of such a reflective learning
strategy, which ardeedbackguidance additional assignmentsooperaton and
collaboration debriefing and group discussioaadmonitoring facilities Stimulating the use
of both an experiential and a reflective learnitrgtegy can increase the effectiveness of a
serious game.

What are possible ways for measuring the effeatisgf serious games?

Serious games may draw on assessment methodsusadiiional learning environments
and e-learning (tests, surveys, interviews andrehtien), but serious games can provide a
number of challenges that may make these methedsiteful: there may bess emphasis on
the rote memorization of facssessment in open-ended simulaticars be difficult, as well
as theassessment of abstract skiisd the way in which one should deal witieating

As Michael and Chen [23] point out however, marged games may also already provide
some way of assessment in the forngame levelstutorials andscoring Based on their
research, three serious game specific methodsetasent have been identified as well:
comletion assessmeit-process assessmaridteacher evaluationThese should be able to
deal with the challenges faced in the assessmesgrmius games.

What is a Holodeck and what purposes may it serve?

A Holodeck has been defined aan“environment in which realities of a complex nattan
be simulated and a group of people can interact exyeriment with or within this
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simulation, with the primary purpose of findingagion of an unknown nature to a complex
problend.

A Holodeck is intended to provide an experienca ggoup of participants. It lets them
experience a certain “reality” (situation, processyironment, etcetera) and interact within
this reality. To make such an experience as righoasible, a Holodeck seeks to submerge its
participants fully in this experience, mentally,@mnally and physically. It seeks to create a
simulation that is as realistic, detailed, open angaging as possible. Such an experience can
then be used to understand, analyze and possiahgehand improve this “reality”.

A Holodeck environment may either contain the tdolprovide a virtual simulation, or the
environment may be used as a part of the game \tedl. It may be used for several
purposes, of which the following were identifiedan interview with De Haas:

- Making the use of applications transparent
- Supporting strategical decision making

- Serving as a design instrument

- Supporting sales

- Supporting requirements definition

- Optimizing processes

- Assigning value

- Creating a business case

- Serving as a training instrument

- Supporting change management

A format has been introduced for the setup of laoifolodeck environment and a Holodeck
experience, which consists of four phasesimroduction phasén which the purposes of a
Holodeck session and required background informatan be presented, arperience phase
in which participants can interact with(in) a cartaimulation, aeflection and abstraction
phasein which participants reflect on their experienaes translate them to an abstract level
and anmplications phasén which they can determine the implications @itlexperiences

for the organization and the development process.

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

The concepts of serious gaming and a Holodeck shoumber of similarities and may be
able to provide added value to each other in a eurmbways. The possibilities for providing
such added value depend on a number of factorgutpose for which a Holodeck or serious
game is used, the content of the simulation andvinein which a Holodeck is used. A
Holodeck may be used to provide a virtual game dvorlmay be used as a real-life game
world. Besides this, a distinction can be made betwthe dynamic use of a Holodeck and the
static use of a Holodeck: a Holodeck in which theafity” is constantly changed and
improved based on the experiences during a pregession and a Holodeck which offers a
fixed reality to its participants, such as a tragnenvironment.

If a Holodeck is used as a real-life game enviraminitemay provide several advantages to a
serious game. Where serious gaming offers an esquazriof which thepennesss limited
because bothimulation(the game world and its behavior) antes (rules determining the
ways in which participants may interact with(indieulation) have been abstracted and
determined in advance, a real-life environmenpisrofor unexpected events and behavior.
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As a result, a real-life game environment may lx beited for a Holodeck that is intended to
be used in a dynamic way and in which free expeartatéon is allowed. On the other hand, an
abstracted simulation may be more useful in a Iegranvironment and closed rules may
provide structure in a static Holodeck, but maybeful in a dynamic Holodeck in some
cases as well.

Other advantages of a real-world game environmenit& possibility to increassngagement
throughphysical situatednesand its possibility to enhance realism by mearaltefnative
devices for input and output and human interaction.

The format for a Holodeck environment and a Holédszssion that was presented in this text
(introduction experiencereflection and abstractioandimplicationg may support the use of
a reflective learning strategy. The setup provategnvironment in which participants can
cooperate and in which guidance can be provideeipgrts, while debriefing and group
discussions may be addressed in the reflectiorabsttaction phase. Besides this, the setup
of a Holodeck session may also be used as a steuctuan entire training program
surrounding the use of a serious game.

Serious gaming, on the other hand, may also betalgeovide added value to a Holodeck.
This may be achieved by the use of both game téogp@nd game elements.

Game technology may provide computer simulatioas dne highly dynamic, capable of
adapting quickly to the input provided by the plsyavhich lets them experiment with
different situations in a time and cost effectivayw

Game technology may also serve as a tool for vizat#dn, providing a detailed virtual
representation which can make abstract conceptEigxgnd can ensure that all participants
share the same mental image. Proper visualizati@ysalso increase the realism and
attractiveness of a Holodeck simulation, but whetfedh visualizations such as 3D
environments are useful always depends on the mbote simulation.

Game elements may be used as a tool for makindadelck experience more attractive, by
adding a story, goals, competition and uncertaitgtory may also be used to provide a
certain form of guidance: it can ensure that playee introduced to all relevant aspects of an
experience, provide illustrative examples and ptevthe necessary context and step-by-step
guidance for the tasks that players need to perform

Such a fixed storyline can only be created for éoHeck that is used in a static way. In
general, it seems that a static Holodeck is thg fumm in which a full game may be set up,
although individual game elements may also be ugefuHolodeck that is used in a dynamic
way.

Does a Holodeck require or facilitate alternativays of measuring effectiveness?

A Holodeck may use the same methods for measufiagtieeness as serious games,
including traditional assessment methods, chaiattey of games that may be used as a tool
for assessmengéme levelstutorials andscoring and serious game specific methods. Most
of these methods focus on measuring whether plégansed anything during an experience
and are therefore best suited for a Holodeck thaséd as a learning environment. Besides
this, the use of game levels, tutorials and scamag become more difficult in a Holodeck
because not all interaction can be monitored anttalled by a computer system. This means
any interaction that takes place outside the sobpecomputer system will have to be
monitored and processed manually and where negestsawld be able to be integrated with
parts that are controlled by a computer systenthédsame time, a Holodeck environment
and Holodeck experience may support group discnssiad interviews, which can be used

71



for assessment as well. Assessment in a Holodegkaiea be used to measure the
effectiveness of thmtroduction phasend thereflection and abstraction phase
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8.2 General conclusion

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

This was the main research question of this th&sised on the discussion above, it may now
be concluded that game elements can be used agta @asign a serious game and ensure its
attractiveness. They can also be used as a basisrfsidering the way in which serious
gaming may be used in a Holodeck to provide strecamd guidance and increase
attractiveness. At the same time, game technolagy lme used to provide interactive
simulations and visualizations that may be usealHolodeck.

Based on research of Leemkuil [19], a number dstand methods that could increase the
use of a reflective learning strategy in serioungmwere identified and further research
indicated that a number of these methods are stgapby the setup of a Holodeck. A
Holodeck may further provide advantages to serg@aming in the form of openness, physical
situatedness, alternative forms of interaction layderving as an environment that can be
used for an overall training program which surrautite use of serious gaming.

Many of these advantages are case specific anektbat to which serious gaming and a
Holodeck may support each other may vary. Fact@sdan be of influence are: the purpose
for which a Holodeck or serious game is used, tdmgent of the simulation and the

distinction between the dynamic and static useldbdeck and the use of a Holodeck as an
environment that provides a virtual game world meavironment that serves as a real-life
game world.

The effectiveness of serious games can be meabynme@ans of assessment methods found
in traditional learning environments as well asigthods found in entertainment games and
serious game specific methods for assessment. bfayese methods can also be used for
measuring the effectiveness of a Holodeck enviranpi®it since most of these methods
assess whether participants learned anything tlegyba less useful in a Holodeck that is not
used as a learning environment.
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8.3 Future research

In this research on serious gaming and the Holodenkept a number of issues have been
discussed that may be interesting topics for futesearch. A number of suggestions can be
found below:

- Inthis research a number of serious game spen#itiods of assessment and element
of entertainment games that may already provideesomm of assessment have been
discussed. It may be useful to explore how sucthatst may be used for a formal
assessment in more detail.

- The assessment methods discussed in this researchgrimarily on measuring
whether people learned anything. A Holodeck mayd®d for a number of other
purposes besides training and education howevethenefore it may be useful to
explore ways of determining the effectiveness Biiododeck in reaching these other
goals as well.

- The use of a Holodeck as a real-life game envirarirard physical situatedness are
topics that go beyond the scope of Information 18ms and their implications may be
studied from other perspectives, such as the fiefisychology, as well.

- Although the combination of serious gaming andHioéodeck seems to be a
beneficial one, both concepts may take on mangifft forms and serve many
different purposes and these may affect the wayhich they can be combined. Case
studies may provide more insight in the use okdéht game elements in a Holodeck
and on the situations in which digital simulatiarreal-world simulation should be
used.
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8.4 Recommendations

Based on this research and the current positicedus gaming and the Holodeck concept in
GPR, the following recommendations can be made:

- Both the concept of serious gaming and the Holodesle now been explored and
documented in theory, as well as studied in a smatiber of prototypes and use
cases. The organization should now try to find mlner of concrete business cases in
which their usability should be further tested aedhonstrated.

- GPR should formulate clear purposes for any semgamse or Holodeck that is to be
developed and identify methods for the demonsmatictheir effectiveness at an early
stage. This should increase the overall suppothir use in the organization and
may overcome any skepticism.

- As was already suggested by Zimmerman [47] in preresearch, GPR should
acquire expertise in the area of game design yf wvemnt to develop serious games
themselves.
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Appendix A — Hardware that may be used in a Holoddcand its
estimated costs

This table features hardware equipment that maysbke in a Holodeck, containing some
standard equipment and some examples of high tpabraent that may be used in such an
environment. A global indication of their pricesalso presented.

Hardware | Estimated costs
Computers

- PC (excluding monitor) € 400 - € 900
- Notebook € 600 - € 900

Central displays

- Beamer + projection screen €800 - € 2,300
-LCD TV (32" - 37") € 600 - € 1,800
- VisionDome 2 (2.2 m diameter semi-sphere display).S. $ 33,500 — U.S. $ 68,900f
- Resolia LED billboard display monitor (140”) U.$399,000*
Input & output devices

- Keyboard €15-€£60

- Mouse €10-€40

- Monitor (19" TFT) €120 - € 200

- Speakers (2.0) €15-€50

- Speakers (5.1) €60-€120
Phantom Omni (haptic device used at T-Xchange) $ 5400*
Reflection facilities

- Whiteboard (100 * 150 cm) €110

- Flip-over €70-€220

- Markers €1.50 -€4.00
- Webcam €20-€60

- Digital camera € 200 - € 500
Furniture and decorations

(Bar) stool €15-€50
Work lamp €10-€30

Rug (round, 70 cm diameter) €7.00

* May vary per country
Costs have been estimated based on prices fouBldeit.nl[7], Mycom.n[28], Mitsubishi-

megaview.corf25], vrealities.conj43], Sensable.cofi37], Beamerspecialst. ],
Officeshopper.n31] and lkea.n[14] during October 2008.
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Appendix B — Interview with Martin de Haas on the Holodeck
concept

This is a report of an interview held with Martia Haas, the inventor of the Holodeck
concept at GPR. It was held to acquire a more fod®fnition of the Holodeck concept and
its purposes, next to any informal interviews arstalssions that were held with De Haas
during this research. The interview was conductédr&, 2008.

Where did the idea of a Holodeck originate from?

The idea originated from the observation that dgrihe development process of a
new system, or during change management, therféeis a big gap between how
things are and how they should be. This led tddba that it was necessary to make
ideas and concepts less abstract and far more @kpi prevent misunderstandings
in communication. If something can be simulateth aiprototype everybody will be
talking about the same concepts, they actually epee what is meant. To be able to
determine whether something works the way it sheoldk or not, it will have to be
used and tested in the environment for whichiittesnded. This led to the idea of
simulating such a work environment, a Holodeck.

Another reason for the development of the conceptHolodeck was my observation
that administrators at GPR often had a very po@aidf what the applications they
were managing were used for. Although | can’t bide& up, it is my believe that
during development and change management, a tohef about 70%, is spent on
determining what a system needs to do. If admatsts would look at existing
systems instead of starting from scratch, | belignat this percentage could be
reduced to less than 50%. If one looks at exisdipjications, one can immediately
see what is or isn’t good and what should be chdnéeHolodeck that could simulate
existing solutions and possible future ones coliidieate the need for expensive,
abstract thinkers. Administrators will be able tes#st in determining possible
solutions since they will be able to understandtvehsystem is used for and should be
able to do.

How would you describe the purpose or purposeletHolodeck concept?

The Holodeck can have a number of purposes:

1. Making visible how applications are used and what be done with them.

2. Visualising alternative directions for solution§&upporting strategical decision
making.)

3. Design instrument: What does or doesn’t work andtwlould or should be
changed?

4. Instrument for training

5. Supporting marketing/sales: A Holodeck can aidigualising and determining

alternative solutions.

Optimizing processes: How can the available systemsed in an optimal way?

Instrument for definition: Determining what's reged by simulation.

No
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8. Assigning value: By determining how the additiom ckrtain component
improves the work within a simulated Holodeck emwinent one can determine
the benefits, and not just the costs, of that corapb It allows for the allocation
of value to IT.

9. Creating a business case: By developing a smaleésbait fully functional
prototype within a Holodeck environment it become®asy task to determine the
benefits and costs of implementing that systemlargar scale.

10. Supporting change management: Creating supporteeeptance within the
community of users. People get a clear idea of wheathanges will look like and
get the idea that they are given enough opportdoitynput and feedback.
Sometimes the way in which a system is used sheutlanged; in this case, a
paradigm shift is required. Both a practical and emotional shift may be
required; a Holodeck can be designed to suppott lk@ids of change. The
creation of the HKU was designed to accomplishetimetional shift.

11.Creating expectations: Show what will be possilla mminimum by letting people
experiment with prototypes during development.

What different forms may a Holodeck take to supploese purposes?

A Holodeck may be an environment for experimemagaperiencing or simulation.
Besides this, a Holodeck may also be designed t at@an emotional level, dealing
with essences and paradigm shifts. This causede&wmfet go of their normal
thinking patterns and is intended to let them labk “reality” in a different way.
This kind of experience, like the HKU experiens@dtually not a Holodeck but a
supporting tool.

Where did the idea to use serious gaming withirttblmdeck originate from?

Within the Business Innovation department researab already being done into
serious gaming. This seemed useful because gatoesradt only for the simulation
of things, but also provide the opportunity to mtg and experiment with these
simulations.

The goals of a Holodeck can be reached effectivitlythe aid of serious gaming
because it:

- can create a deeper learning experience: gamegoavide guidance and set
goals, forcing people to actually start doing thérand experience. Games can
also be used to guide the player in order to make ke has worked with all
different aspects of the simulation at the endhefgame.

- can make it easier to separate players from thernral reality and way of
thinking and open their minds for new ones.

- can make the Holodeck sessions more interestingtrattive.
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In what way do you expect serious gaming to be tb#ipport a Holodeck in its various
forms and in what way do you expect a Holodecka@ble to support a serious game?

The original idea for the Holodeck was to use targé monitors and a game console.
A game master could then introduce changes to tlleddck environment by
changing what is displayed on the monitors, appeadn the monitors to give
instructions, or by making a phone call for instantn that way, the game master
could control and react to what happens on the detik.

More generally, a Holodeck engages people in @&ufit environment, assigning
them certain roles, similar to how it's done in pandeo games.

Through this, participation in the Holodeck expege becomes a sort of stand-up
acting.

Furthermore, the learning experience and recogniggof a game can also be
improved by making a simulation as realistic asgige. This should include
irrelevant details, just to stimulate the submensid the player into the simulation on
an emotional level.

A Holodeck also allows a group op people to shacemmon experience.

How would you define the minimal form of a Holod@cdWhat minimal criteria should be met
for an environment to qualify as a Holodeck?

In its minimal form a Holodeck is a work environm#rat allows for the simulation of
reality, guided by some form of instruction. By iaddnstructions, one can make sure
a certain program is followed and all important asps of working/playing with the
simulation are dealt with. A Holodeck should alwaygage someone in a different
reality, otherwise, the learning experience willtbe limited.

Are there any additional and optional elements wiaictiolodeck may contain?

Another element of a Holodeck is the support ofigrexperiences. Most of the goals
mentioned earlier are already based on the assumjyltiat the Holodeck is used in
this way.

Another element that may extend the minimal forgaming. Although work and a
script that guides the users through different aspef a simulation already contain a
number of aspects of gaming, there is plenty afiréar extension.

What general definition would you like to use fbetHolodeck concept?

An environment in which realities of a complex natioth existing realities and
alternative realities, can be simulated.
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