Balancing pedagogy, game and reality components
within a unique serious game for training levee inspection
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Abstract. Most educational or training games, also refertedas serious
games, have been developed without an underlying detligory. In order to
make a contribution to the development of such eomyy we present the
underlying design philosophy afevee Patroller, a 3D first-person game used
to train levee patrollers in the Netherlands. Tdygproach stipulates that the
design of a serious game is a multi-objective mobivhere trade-offs need to
be made. Making these trade-offs takes place ideaign space’ defined by
three general boundary criteria: 1. fun (game)earning (pedagogy), and 3.
validity (reality). The various tensions betweeregh three criteria make it
difficult to ‘balance’ or create harmony in a seisogame. We illustrate this
process with a discussion on the desigri_efee Patroller. In addition, we
translate the aforementioned general design aiietb a number of concrete
design requirements for serious games.
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1 Introduction

Affordable computer systems, software, the abitdyeasily adapt or use existing
content and the arrival of game editors have magedsible to use video games for
purposes other than pure entertainment: so-csdfeous games[1].

The interest in this use of video games has rasulte. number of serious games,
such asHazmat: Hotzone, Peacemaker, and Virtual U.! Unfortunately, although
created in a carefully controlled university enwineent, many of these attempts have
not documented or published the underlying desipitopophies. This makes it

! Hazmat: Hotzone and Peacemaker have been developed at Carnegie Mellon Univeraity
Virtual U has been developed by a team consisting of indigmergame developers and
Stanford University.



difficult for the emerging field of games studiés establish principles, processes and
procedures for such deployments of games.

The need for an underlying design and learningrieeds extremely important, as
[10] pointed out:

“This interest in games is encouraging, but mosicational games to date have been
produced in the absence of any coherent theoneafing or underlying body of
research. We need to ask and answer importantiguestbout this relatively new
medium. We need to understand how the conventidngood commercial games
create compelling virtual worlds.”

The need for such an underlying theory has beeffirowed by the numerous
educational games that have been used so far. fgepot as compelling as their
entertainment counterparts, have many design flawg, most strikingly, the
educational content is completely not integratetthiwithe game [5]. For example, the
player can only start playing when he or she hasHed answering a number of
guestions. Or the gamer is continuously botherell edlucational texts that are not
really needed to play the game.

The purpose of this paper is to present the dgdigosophy underlying a serious
game about levee inspection, rather than to preseidid and validated theory of
serious games. In this way, we can take a smatl &tewvard in order to actually
develop an underlying theory of serious gamesegearthwhich will guide developers
in makingentertaining, as well agducating serious games.

This game about levee inspection, callestee Patroller, has been developed by
an interdisciplinary team of Delft University of dlenology, of GeoDelft, a research
institute for geo-engineering in the Netherlandsl af the Dutch water boards. In the
next section we explain why we decided to develgprious game for this seemingly
unique field. In Section 3, we delve into the bigsidn philosophy behintevee
Patroller. The way this philosophy has been implemente@ims of gameplay and
technology is described in Sections 4 and 5 resmdgt The paper concludes with
summing up the main points that can be extracteeh this project and which might
lead to a small impulse for establishing the muchnted serious game design
principles.

2 Thedangersof living below sea level

The Netherlands differs from many other countriestiat more than half of the
country lies below sea level. Natural and artifidarriers called levees protect the
habitants and their goods from getting washed awafailure of a levee would lead
to large societal consequences as the Netherlaralslénsely populated country, and
an important economic center for Europe with itsnyndistribution channels, ports
and industries.

2 Although the field of serious games might be yquihgs strongly affiliated with the field of
simulation and gaming, in which research has beee dor more than fifty years.



Although failures are rare — estimates of failuaess once in the 4000 or 1250 years
— the National Institute for Public Health and Eowiment calculated that flood risks
remain much higher than the risks of all other fideglisasters added together [2]. It
can be expected that flood risks will increase he hearby future due to global
warming and the ongoing urbanization. In additierperts recently brought to the
attention that more than 70% of the levees in ththdrlands do not totally fulfill the
safety guidelines [11].

The large societal consequences, the high riskfuhge developments and the
lack of maintenance, all indicate that levees aitical to the Netherlands and that
appropriate measures need to be taken to prevejor miaasters from happening.
Prevention of such disasters is a task of the Duteker boards, which are the
institutionalized organs in charge of the waterasfructures and the levees in the
Netherlands. Every water board has a number of Ipetiyat inspect the levees
regularly or in case of emergencies. These peapleeaderred to akevee patrollers.
Ensuring that levee patrollers are trained to perfoheir jobs is one of the main
preventive measures for safeguarding the Nethesl&ndh flooding.

Fig. 1. A levee failure in Wilnis, the Netherlands. Thésée breach was caused by
the enormous drought in the summer of 2003.

A trained levee patroller should be able to timedgognize failure symptoms and
to properly communicate relevant findings to a wanfield office, which upon
reporting gives further directions or initiates pedures to take corrective measures.
Recognizing failure symptoms requires an understgndf failures, and properly
communicating requires to know which set of proteceed to be followed.

In short, it is necessary that levee patrollerstigetright type of training to perform
their duty, especially given the fact that failusre quite rare and difficult to notice:
A layperson would only see that a failure is ocigrrin critical situations, actually
when it is already too late. Without experience afittiout knowing what to look for,
failures similar to that in Wilnis or even worseghi occur again (see Figure 1).

Traditionally, levee patrollers have been traineithwole-plays and lectures.
Although they certainly acquired some necessarydenge based on these methods,
the water boards and GeoDelft were looking forralitve methods; methods that
could give the levee patrollers more experienceiasight of levee failures. Based on



an analysis of the possibilities it was concludeat tgaming technology seemed the
most promising option. A technology that would Ixeato create compelling worlds,
i.e. make the training entertaining, and at theesime teach important concepts in a
safe and easily configurable environment. In otherds, a technology that educates.
If designed correctly, of course.

3 The design philosophy behind Levee Patroller

The hardest struggle for developing serious gamesaa the same time the biggest
difference between entertainment and serious gamése alignment between the
learning of the content and the game itself. Alinga involve learning, whether eye-
hand coordination skills, visual-spatial skills, which buttons to push, and some
games are better than others at teaching the psayeething [3,6]. On the contrary,
not all games involve education.

This is the fundamental difference between seriand entertainment games:
Serious games need to educate the player with cfispgype of content, whereas
entertainment games need to entertain the playdr wihatever; racing, puzzles, it
does not really matter, as long as the player snjoyVith serious games, content is
superimposed on the player, while for entertainngames the content does not really
matter. How can content be superimposed on thadeavhile still making it fun?

Entertainment game designers are not frequenthceroed with this question.
Their main objective is to make the gafma. Everything else, the content, controls,
etc., should be “at the service” of making it etatgring. When this is done, harmony,
an essential characteristic of good games accotdiggme designer Brian Moriarty,
is typically not very difficult to achieve.

For serious game designers this is different. Tieye multiple objectives: They
want to create a compelling and fun, but educading realistic game. To create this,
they need to trade-off certain aspects of a gameadking these trade-offs they need
to take into account that the system as a whoke,gime itself, stays in balance.
Otherwise the game looses its harmony.

We came to the conclusion that in designing a esrgiame three core objectives
need to be achieved: 1. fun, 2. learning and 3dixal A serious game, as the name
suggests, is foremost a game, and a game whicbtiun is simply not a game.
Learning speaks for itself. The game needs to miakeof pedagogical methods and
theories to guarantee knowledge is obtained, idstdaclicked away to continue
playing, as in those early educational games.

The validity is related to the content. A game stiawt simply teach content, it
should teachielevant content; content that can be applied outside #megworld. A
game designer has to ponder over how the relevanent fits into the pedagogical
methods of the game and how the content fits ih® dame in general without
loosing any validity.

Therefore, there are three components that nebd taken into account: pedagogy
(learning), game (fun) and reality (validity). Ihet next sections, we elaborate these
three core components of serious games.



3.1 Pedagogy

Many learning theories exist that can be applied stwious games, such as
behaviorism, cognitivism, constructivism, situatiedrning, etc. [5]. From each of
these theories we can extract some important plieper

Reflection. Games offer almost no opportunity for reflection pkyers are
completely immersed into the game. Reflection iponant to go from specific
spontaneous concepts toward abstract scientificemia [5]. Reflection can be
stimulated by an instructor, but it could be a ehle addition if it was somehow
included into the game.

Experience. Games are good at providing learning-by-doing. Theans that the
learning should happen alongside the doing. Manycational games make the
mistake of providing pop-up windows with extensiaenount of text that are
supposed to have educational value and that haténgdo do with the game itself.

Low resource demanding. Too much information, time pressure or other fextor
inside a game environment could lead to cognitiverlead or lead a person to
filtering out critical information. These factordsttact the attention away from
learning the content.

Exploration. Another important property of a game is that ituiegs an active,
participative attitude of the learner. The gameldvbias to be explored by the learner
and the game should only slightly direct the learime doing this. Many poorly
designed games force the player to do somethinig wiey should just let the player
figure it out.

Incremental. The learning process should occur incrementallyabse (i) it will
otherwise be too demanding for a player, and (igt tis the way the human brain
functions. Humans acquire knowledge piece for piaeé try to integrate this into
existing structures. Scaffolding is a techniquesgtablish this [8].

3.2 Game

Similarly to pedagogy, we can sum up the charesttesi of the game component as
follows:

Harmony. Games are systems [9]. This means that each elendrdtomponent of a
game is interdependent on each other. Everythirggtbdfit. Otherwise the game
cannot interpret information or give the right tygfefeedback. The game world needs
to be a consistent and coherent world.



Uncertainty. Beforehand, the player should not know whethershgoing to make it
or not, and know what is going to happen. Randosjnascertainty about the
achievement of a goal, etc., make a game challgragid that makes it fun [7].

Interactivity. Computers are about interactivity and games shprddide this too.
A game should give the player a feeling of conffdl The choices the player makes
should be interesting: They should affect the omies in the game. Otherwise the
player could just as well not decide anything at al

Engaging. Entertainment games are fast and motivating. A ealayants to really

engage in something, be immediately rewarded fdioss and improve the high
scores to show off against others. If none of thatcluded, the attention of a player
is lost.

Flow. If a game is too difficult it becomes frustratinf;a game is too easy it is
considered boring. Good games ensure the playeriget a “flow” [4]. Being in a
flow means that certain tasks are frustrating, that after practicing they become
easier. A game needs to build up its difficultytekfa player masters some of the
skills, it needs to become more complex.

3.3 Reality

The characteristics of the first two componentsjggegy and game, can almost be
applied for any type of a game. For the third congd, they have to be specifically
derived from the subject the game is about:

Learning objectives. The learning objectives were largely derived frdma existing
levee inspection lecture. Recognizing the symptarhsa failure mechanism, the
different phases and the severity of a failure rae@m, and being able to report and
communicate the findings according to a set prdtao®the main learning objectives
to be achieved by playing the game.

Target group. Levee patrollers are clearly the target group,dblnér people from the

water boards should be able to play the game ds Aggs of levee patrollers range
from 20 to 65, with an average around 45. Theyiargeneral not very computer-
oriented and therefore have little to no experienitk video games.

Challenge. Levee failures are the focus and should for théssoa definitely be the
challenge of the game. The problem with levee faduis that there is not much
known about them, except for some anecdotal evalamc controversial theories of
experts. The failures are quite distinct from oaeanother; they differ in severity,
time and the type and number of signals.



Clients. The clients of levee patroller are the Dutch waigairds. After interviewing
each of them, it turned out that expectancies apanites were quite different, as well
as at which type of content should be focused and the game was going to be
used. Each water board serves a different regiahtla@se regions have their own
characteristics, which clarifies why each of theamted a different emphasis.

Organization. The organization of levee prevention appeared tcsibeificantly
different among the water boards. Some used onlunteers, some used only
employees, and others used a mix of volunteersesmgloyees. Furthermore, the
responsibilities differed. At some water boardsléwee patroller was allowed to take
measures, whereas at others it was clearly spedtig 'a levee patroller is the eyes
and ears' of the organization and nothing more.

4 The game design of Levee Patroller

The design ofevee Patroller proved to be a challenging task in itself. Balagdhe
three core components leads to many dilemmas tetad to be solved. Below, we
describe how we solved these dilemmas in termsofegplay, game world and game
rules.

4.1 Gameplay

Without needing much deliberation we chose to er@a8D first-person game. Levee
patrollers, as we were told by many water boards, the eyes and ears of the
organization, and what is a better way to emphasiug perspective than by
developing a 3D first-person game?

Making the levee patroller the central figure amttihg and recognizing levee
failures as the central task was also not queddiorother important decision was to
make it a single-player game. Creating a multi-efagame would lead to more
complexity, as network technologies need to bertake account, and a multi-player
game would put the emphasis more onto the commiimricanstead of the skills that
they need to acquire for recognizing and reportailyres. The other design choices
were not as easy to determine, as a seemingly i@dramount of design space was
available, while at the same time this design spaes severely limited by
safeguarding the core criteria of fun, learning aralidity, and the technical
applications that we used.

For the failures, we decided that they should ocatrrandom places. This
increases the enjoyment and also makes it podsihlee the created maps more than
once. The player or instructor can expressly chtioseype and number of failures in
the desired scenario, but it is also possiblettthie computer decide and configure it.

The maps and failures are not the only options¢hatbe configured; the weather
and the number of responsibilities can also beigardd. The weather is not an
aesthetical addition: when it rains, the sightimited as in reality. This makes
playing the game a bit more difficult. We built time option to configure the precise



responsibilities of the levee patroller, as thetually differ among the water boards,
and as a way to differentiate in the difficultyfying the game. Whenever a player
has mastered a certain scenario, more resporishitian be taken.

The latter design choice has been made in accoedaith the “incremental”
characteristic of pedagogy and the flow theory afngs. However, the game at the
moment needs more of these techniques to make ri¢ playable. We created a
training level for new players to get some griptba game, but based on the many
observations we made we have seen that it is realtgssary to slowly build up the
difficulty.

We built the training level also for another reasiblany levee patrollers did not
grow up with computer technology and therefore hiitie to no experience with
computers. We tried to make the user interface iagple as possible, but we
nevertheless decided that the player needs tohgsenbuse and arrow keys at the
same time, a parallel task (applied in many fimstson games) with which
inexperienced computer users have many problemevde patroller needs to walk
and look around and we did not find a better aliBme than using the arrow keys to
walk and the mouse to look around.

We held strongly onto the experience, exploratiod eeflection properties of a
game (see Section 3.1). The player has an invemtibhyall kinds of tools that can be
used throughout the game and the player decides tohase these tools. Information
about a failure can for example be looked up whenthe player wants to; the game
does not force the information to be read. Evetioadn the game is initiated by the
player and not by the game.

The gameplay can in short be summarized as follavyayer is assigned a region
and has to find failures and report about them. plager knows exactly how many
failures reside into the region — something thatasapparent in reality, but which we
thought was necessary to create an engaging gama dpes not know where. Upon
finding a failure the player has to fill in a rep@nd depending on the state of the
failure return to it to see if it gets worse. Iftnthe central field office should be told
that the failure stabilized and otherwise thas igetting worse and that measures need
to be taken. The game ends whenever the playedfevery failure and reported that
they are either stabilized or that measures habe tmken. The game also ends when
a player cannot find a critical failure. In thetéatcase this will lead to a levee breach
that will flood the whole region.

4.2 Gameworld

The game world is important as it provides a canggainst which the player can
learn, while at the same time it should give aifeebf being realistic. It was chosen
to design a game world which would incorporate pwaportant characteristic of the
Dutch regions. In this way, every water board woiddl affiliated with the game

world. Other than that, a fictive world might algash the player to “step out of the
box” instead of acting the game as in an extenefathe daily routine. Stepping out



Fig. 2. Some impressions of the in-game graphics, showingauthentic Dutch
landscape with clear weather (left) and a leveaditrand its consequences (right).

of the box stimulates meta-cognitive thinking, @lgtkat is critical in acquiring new
knowledge.

The world in itself resembles reality as closelypassible. The game world might
thus be fictive; it still has many recognizableneémts. The degree of realism was
evaluated with a number of experts and levee patsohnd they were unanimous that
the game world looked very similar to the real th{gee Figure 2).

A departure from reality is that we down-scaled tegion to be inspected. It
would be boring to walk around for five minutes hatit something happening. It is
not a lesson in learning to walk, but in findingdarecognizing failures. However,
making the region too small would lead to beingfammed with failures too easily
and this takes away the surprise effect, which&g pf the engagement. So we
conceded enabling ability to “teleport” back to aildfre whenever the player
discovered one.

We tried to put the “eye-candy”, things that aradidul to look at, but that might
interfere with learning, away from the levees. Aya@r could thus decide to wander
off and enjoy the virtual world, but when actualiyaying to prevent any levee
failures he would not be bombarded with visualrdiging artillery.

4.3 Gamerules

When developing the game rules, the mechanismsi#tatmine how player’s input
affects the outcomes in the game [9], we bumpeminminy problems. We decided to
make a generic model of the development of a failatechanism. A failure
mechanism could develop itself into three phases: serious, serious and very
serious. Each phase would require distinct actioms the player. In this way, the
computer recognizes whether the player has an staeling of the failure
mechanism. In reality, the central field office atke player to describe the severity
of the situation. This pushes the player to reftatthe perceived symptoms.
However, the failures appeared to be so differbat it was rather uneasy and
artificial to fit all of them into this conceptuatheme. The world, as always, seems to
be too disorganized to be mapped onto a rigid diagrSolving this problem by



simply creating two phases instead of three wastimatt easy. Many mechanisms
were fine-tuned to the conceptual scheme and becaesdecided to make a very
flexible map, in which any failure could appear, thad to take into account many
possibilities.

We somehow managed to fit everything together & eéhd, but it remains an
important issue for future developments. When neilurfes are added to the game,
they have to be deeply reviewed and processedetha@e they fit into the scheme
and with the rest of the game mechanisms. A gamplgi wants to be coherent,
consistent and orderly, whereas reality is nothikeythat.

An example of a game mechanism that forces a garbe toherent and consistent
is the scoring system. Scores are very motivaldne of the levee patrollers yelled
that he wants to take the game home and get tB@@61score”. An excellent example
of the motivating power of a score and an importaatson to include scores in the
design, besides that it is a strong way of giviagdback. The scoring system was
adapted to the conceptual scheme and any failatedil not fit this scheme would
lead to a not very transparent gameplay. If a tessks “Why do | not get any
points?” it is an indication that the game is moharmony.

The main point about all of this is that it provedbe difficult to find a balance in
between a slow, reflective, experiential learnimggess, a fast engaging, complete
consistent and coherent fun interactive world, andll-defined, disorganized, very
rich and diverse reality. Not using a generic cpteal scheme is unthinkable, but it
does lead to many comprises and many steps awayréality.

5 Implementation of Levee Patroller

Levee Patroller was implemented using the commercial game enginedlngine 2
Runtime, a simplified version of the “Unreal Engif” specially developed for non-
entertainment games. In practice, it can be cormitlas a 'total conversion mod', as
all digital assets in the game have been createn $oratch for this purpose, and the
same can be said of the essential gameplay elements

Using this engine allowed us to concentrate on gpecific aspects of our
application, without spending precious developénsie in implementing basic
functionality and classes (e.g. rendering, cullirggrticle emitters, skyboxes,
texturing, movers and GUI’s). In additiohevee Patroller largely capitalizes on the
scripting facilities provided by the Unreal engiméyich were thoroughly used for the
specification of most control and behavior aspeets. example, the control for most
levee failure mechanisms is handled through an dkipted sequence of events,
triggering the necessary animations, which caruthelmovers and emitters.

Levee failure mechanisms are one of the most sogmf aspects of the game.
They where developed in close cooperation withrtutd the levee inspection courses
and other domain experts, since much of the trginedue relies on the realism and
accuracy of these processes. Because failure misoigrcan be very complex,
several animation techniques were used to implee&eit one of them.

Another important aspect for the realism was tp&icement. Ideally, it would be
preferable to have all failures randomly placedsasrthe game level; unfortunately,



this is not feasible in a truly generic way, as eruous variables would need to be
adjusted depending on where each failure ends lgo. t&chnical issues such as the
correct lighting of the objects would be comprordidey a complete freedom in
failure placement. For this reason, levees werk bsing simple blocks (straight and
curved) that can have a failure mechanism attatbetiem. Since the animations
(that include the particle emitters and moversjailiires of the same type are very
similar, they can be adapted and reused by leveigders, in order to implement
failures in the same or in different levels, makihgwch easier to build a complete
new level. Additionally, this allows for more thawenty-eight mechanism variants
per level all of which can have different sevestidypically, three to five failure
mechanisms are chosen to be active in a level.

Similarly to the levee failure mechanisms, manyeotbbjects in the game were
created for easy reuse, such as the particle emsteulating mud, and the water
animated textures that can be placed in any level.

Eventually, a good balance was found between thendted realism and the
necessary game performance. In some cases, regdeeriormance had to be
improved by using a variety of smart optimizatiofs; example, taking into account
that Levee Patroller is inherently a single player, first-person gantee tveather
manager uses a rain emitter that is continuoughhigé above the player's location,
spanning around that position a region large endagichieve the desired effect. In
addition, there is no point in performing collisidetection of rain particles with for
example roofs of buildings, since all gameplay Lievee Patroller takes place
outdoors. Also, a meticulous selection and commnabf static meshes, deco layers
and grass meshes, with a proper culling distantefreen the player's position,
significantly improve the realism without compromi the performance. In order to
improve performance, objects unreachable in theegbut that can be seen from far
away, are present, to improve realism, but with lmless detail (for example, the cars
in the highways are simple particle emitters anal fthrest is just a combination of
textures). Finally, performance can be significanmthproved, specially when using
lower end graphics hardware, by adjusting at gataugup the level of detail that the
game engine will use for rendering most actors.

6 Conclusions

This paper discussed the application of a novelgdgshilosophy for serious games.
This philosophy was successfully applied duringdbsign and development loévee
Patroller, a serious game conceived and developed in théeNahds for the
instruction of levee patrollers, a professionalugravith a crucial role in the national
security. It has been observed that all too ofterioas games show a lack in
harmony, which is an essential characteristic afdggames. We put forward (i) that
the design of a serious game poses a multi-obggbkoblem: it needs to be
educating, fun, and valid; and (ii) that it is famdental to keep these three elements
in balance. In addition to these conceptual chgllenserious games also pose many
technical challenges, as the design space is sftgarely limited by the tools and
budget available, usually much lower than for comuia¢ entertainment games.



Levee Patroller shows that it is possible to design and develorg engaging
game that is at the same time very instructive aocurate. This could only be
achieved by carefully balancing the three basimelgs mentioned above, which in
turn was facilitated by a close cooperation wittmdin experts and tutors of current
levee inspection courses.

So far,Levee Patroller has been deployed by personnel of the particigatiater
boards, who unanimously reported rather positiveults, confirming the above
conclusions. We are currently working on furthewelepment ofLevee Patroller,
both extending the domain dealt with and invesitigahow to satisfy a number of
new desired features, conceptually as well as tealy Finally, future research will
have to be made into the effectiveness of thisiegibn in the continuous learning
process of levee patrollers.
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