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Preface

Entertainment, fun, challenge, motivation, excitement, and interest: These are some
of the positive associations people have when they think about computer games.
Recent developments—from powerful graphic processing units, smartphones and
other mobile devices, to novel interaction devices such as 3D cameras or VR
glasses—all increase the chances that the next generation of digital games will be
able to strengthen these positive associations. This makes it even more tempting to
think about how to use digital games for purposes other than “just” playing. Who
would not want to use software, e.g., for learning that is entertaining, fun, chal-
lenging, motivating, exciting, and interesting? Who would not want to develop such
software? Who would not want to provide such software to others?

A serious game is a name given to computer software that tries to achieve just
that. While some people think that serious games and games for learning are
synonymous, digital games can be used for “serious” purposes other than learning.
Serious games can be used for motivating people to exercise more. Serious games
can be used for medical treatment. Serious games can be used as a marketing tool.
These are just a few examples, and we will illustrate various application areas with
many actual serious games in this book.

Much practical work and much research have already been carried out in the
field of serious gaming. The field is leaving its infancy. This book does not report
the latest research results and insights, but strives to consolidate what has been
achieved so far. This book is a textbook that aims to provide an introduction to the
fundamentals of serious games and an initial guide to this fascinating field. As
serious games differ considerably from computer games that are meant for pure
entertainment, this textbook focuses on the former.

Computer games are truly multidisciplinary, with computer scientists, artists,
user interface designers, game designers, psychologists, and musicians contributing
to their development. Given the large number of potential application areas for
serious games, the number of disciplines that might be involved in their develop-
ment is even higher. Chemists, sport scientists, teachers, journalists, marketing
experts, historians, medical doctors—they could all provide a valuable contribution
to a serious game. We editors have enlisted the support of over 50 authors in order
to gather all the competencies necessary to write this book. Among the authors are
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not only researchers in various disciplines whose expertise lies in serious games,
but also persons who have actually designed, created, and evaluated serious games.

As this book is meant for introduction and guidance, we editors took great care
that the book hides the fact that it was written by many authors. Our task was to
ensure that this book is not an incoherent collection of articles about serious games,
but is well structured, easily understandable, and highly consistent.

Undergraduate and graduate students from various disciplines who want to learn
about serious games are one target group of this book. They can use it as an
accompanying textbook to a lecture or as background reading, e.g., for a seminar. In
Chap. 1, we provide some teaching suggestions for how this book can be used in
both courses that are dedicated to serious games, and courses about game-based
learning or entertainment computing.

Students are not the only ones interested in serious games. Another target group
is prospective users of serious game technology. The book provides them with a
solid basis for judging the advantages, limitations, and application areas of serious
games. This book also discusses resources and other economic aspects. Readers
will be able to develop an understanding for the production process and to judge its
complexity. Moreover, they will be provided with a methodology of how to assess
if a serious game actually meets its goals.

Prospective developers of serious games are another target group of this book. If
they are already familiar with the development of games for pure entertainment,
they can use the book for self-study in order to learn about distinctive features of
serious game design and development.

To cater to this heterogeneous readership and wide range of interests, we made
this book flexible to use. We expect all readers to read Chap. 1, as it provides some
basics, e.g., a terminology, that will be used in all other chapters of the book.
Readers can then choose the chapters they find particularly interesting, and work
through those chapters in any order. Teachers can select chapters and a sequence
that is most suitable for their course or seminar. The book contains suggestions for
courses such as “Introduction to Serious Games”, “Entertainment Technology”,
“Serious Game Design”, “Game-based Learning”, or “Applications of Serious
Games”. Moreover, the book can serve as additional literature in a course (e.g.,
about game development or eLearning) that touches on the subject of serious
games. The book’s chapters can also serve as introductory texts for student
assignments on original literature in the research field of serious games and
entertainment computing.

The eleven chapters that follow Chap. 1 cover the creation of serious games
(design, authoring processes and tools, content production), the runtime context of a
serious game (game engines, adaptation mechanisms, game balancing, game
mastering, multi-player serious games), the effects of serious games and their
evaluation (player experience, assessment techniques, performance indicators), and
serious games in practice (economic aspects, cost benefit analysis, serious game
distribution). A description of many practical examples for serious games can be
found in the last chapter of the book.
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More specifically, the chapters of this book are clustered into four parts. The first
part focuses on the creation of serious games. This is an interdisciplinary effort
requiring skills in areas such as computer science, art and design, psychology,
didactics, and storytelling. The basics that are fundamental for interdisciplinary
collaboration are laid in Chap. 2. In the following chapters, the design of serious
games (Chap. 3), authoring processes and tools (Chap. 4), and the content of serious
games and its production (Chap. 5) are addressed.

The second part examines the phase when the finished serious game is played.
Important aspects are game engines (Chap. 6) that are the backbone during runtime.
Peculiar for serious games is the need for personalization and adaptation; Chap. 7
deals with adaptation mechanisms, game balancing, and dramaturgy. Game mas-
tering in serious games is often application-dependent. In game-based learning, for
instance, the game master may have the role of a tutor or instructor at the same time;
Chap. 8 discusses game mastering together with social aspects of serious games,
especially in multi-player games.

The third part takes a look at the effects of serious games and their evaluation.
Chapter 9 discusses the goal to entertain and shows how the game experience can
be measured. It also introduces the concept of player experience. In addition,
evaluation techniques that are vital for games in general (such as the evaluation
of the game’s usability) are addressed. Chapter 10 focuses on the assessment of
how far the goals pursued with the serious game are met. In this chapter, evaluation
techniques are presented, and indicators for the performance of a serious game are
identified.

Finally, the fourth part discusses serious games in practice. A collection of
37 examples of serious games is contained in Chap. 12. Each set of examples
highlights different purposes of serious games: training and simulation, learning and
education, health, societal and public awareness, heritage and tourism, and mar-
keting. As a basis for the discussion, Chap. 11 addresses economic aspects of
serious games such as budgeting, cost benefit analyses, and serious game
distribution.

We editors would like to thank all authors involved in this book project: Without
their competence, their enthusiasm, and their dedication, this book would not have
been possible. We also thank Springer, our publisher. Special thanks go to Ralf
Gerstner from Springer, Carolyn Gale for proofreading, and Rolf Kruse who was
responsible for all the illustrations in this book.

Darmstadt, Wiesbaden Ralf Dörner
March 2016 Stefan Göbel

Wolfgang Effelsberg
Josef Wiemeyer
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Abstract
This chapter introduces the basic subject of this book: serious games. Besides a
definition of the term serious game, related fundamental concepts and terms such
as gamification, gaming, and playing or game mechanics are detailed. Reasons
for using serious games and for delving into this subject are discussed. To better
understand a serious game and its context, a reference scenario is provided.
Moreover, as a frame of reference, the development process of a digital game is
sketched, and the peculiarities of serious games development are highlighted.
A short history of serious games provides some background on the subject. This
is followed by some general hints for how to use this book. Suggestions are
provided for different target groups (e.g., prospective developers or prospective
users) for how to best utilize this textbook. Finally, as in every chapter of this
book, a summary is given, accompanied by a set of questions for self-assessment
and recommendations for further reading.
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1.1 What Are Serious Games?

People love being entertained. People love playing games. Human history indicates
that games have been played in all societies. Some ancient board games such as Go
or Backgammon are still in use today, although they have predecessors that date
back more than 5,000 years. Games can be considered a specific form of playing
behavior, with characteristics such as rules and an identifiable outcome. For
example, while it may be entertaining to try to hit a target with a ball, this is just
playing with a toy—not a game. If a set of rules is obeyed by the players (e.g., the
target is a hoop 46 cm in diameter and is mounted 3 m above the ground) and
points are awarded according to rules making quantifiable who is in the lead, this
playing activity is said to be a game (basketball).

Balls, dice, cards, and other artifacts have been used for playing games. Given
the fondness of humans for gameplay, it is no wonder that the computer as a
technical artifact has also served as a basis for games.

Games that use some kind of computing machinery (e.g., a personal com-
puter, a smartphone or a piece of electronics dedicated for playing games
such as a video game console) are called digital games.

Digital games have been immensely successful. Computer game software has
wide user demographics ranging from toddlers to users well advanced in years,
encompassing all social groups. More than 50 % of all households in the U.S., for
instance, own a video game console (Ipsos Media CT 2013). This success is also
reflected in the market volume of digital games. According to one study (Gartner
Inc. 2013), the worldwide marketplace for digital games is estimated to be $93
billion USD in 2013, with a growth rate of more than 17 % over 2012. This mass
market, and investments in the industry, fuel a dynamic development in game
technology. For example, Microsoft’s Kinect depth camera for the Xbox game
console provides 3D sensing technology that is not only an acceptable alternative to
similar products used in non-gaming applications, but also because of the econo-
mies of scale more affordable, costing an order of magnitude less. So, why not use
game technology for non-gaming applications? Why not take advantage of the
success of digital games in application areas beyond entertainment?

It is not only the technological advances that make digital games attractive for
pursuing objectives different from pure entertainment. Sophisticated methodologies
have been developed for digital games. For instance, game designers acquired skills
that can be used to emotionally involve players in a digital game (Freeman 2003).
Digital game methodologies have also become an area of research. Researchers
were able to identify important factors for game enjoyment besides the technical
capacity, such as aesthetic presentation or narrativity (John and Srivastava 1999).
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Digital games can also be intrinsically motivating (Wong et al. 2007). They are
even capable to put players into the mental state of flow (Csikszentmihalyi 1990),
where they feel fully immersed in, and absorbed by, an activity. Would it not be
desirable to use a digital game to put learners into this flow state, where they would
be highly focused on their learning activity? Would it not be advantageous to
employ digital games in order to turn learning into an enjoyable experience where
time flies by?

Television is an example of a new medium where a while after its introduction
the applicability for purposes such as learning has been explored (e.g., by producing
television formats such as Sesame Street). Why not do the same with digital games?
Traditional games have been used for more serious purposes than entertainment.
For example, the board game Monopoly was created with the intention to serve as a
tool to teach the negative effects of monopolies on the economy (Orbanes 2006).
Sport games such as basketball can be played not only for a fun experience, but also
because players strive to increase their fitness and improve their health. If traditional
games are able to serve other purposes than entertainment, why should digital
games lack this ability? We call a digital game that possesses this ability a serious
game, and define the term as follows:

A serious game is a digital game created with the intention to entertain and to
achieve at least one additional goal (e.g., learning or health). These additional
goals are named characterizing goals.

Today, the term serious game is somewhat vague because no universally
accepted definition exists. In other definitions, serious games are not characterized
by the intention of the developer, but by the intention of the player. Thus, a digital
game such as the ego-shooter Doom would become a serious game if the player
uses it not only for entertainment, but also to train motor skills or to improve
reaction time. Moreover, some definitions distinguish serious games from other
games by requiring that they are played not in a formal educational setting, but
voluntarily in the player’s leisure time. In our definition, there are no demands made
that the serious game actually meets its goals. The mere intention of the developers
is sufficient to categorize a game as a serious game. This is not the case in other
definitions of the term. Michael and Chen (2006) define a serious game as a game
that does not have entertainment, enjoyment, or fun as their primary purpose. In our
definition, the goals of a serious game are not ranked by their importance. While we
require a serious game to be a digital game, others specify the term more generally
and apply it to all types of games. In fact, Abt (1970) coined the term serious games
with only board and card games in mind.

Serious games are not a particular game genre. For instance, a serious game could
be an action adventure, a strategy game, or a sports game. Serious games also need to
be distinguished from gamification. Gamification is the transfer of game method-
ologies or elements to non-game applications and processes (Deterding et al. 2011).
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For example, the sports apparel manufacturer Nike uses badges, achievements,
challenges, and rewards in their customer loyalty program—concepts typically
found in games. Thus, the result of gamification is not necessarily a game.

Often, serious games are intended for learning. For example, Jetset (Persuasive
Games LLC 2014) is a mobile game that allows travelers to keep up to date with
current security regulations at 100 international airports. Players not only learn
whether they have to take their shoes off at a particular airport, but they can also
strip search other virtual travelers for fun and obtain virtual souvenirs. In addition to
learning simple facts, serious games can also pursue more complex goals such as
the acquisition of specific skills. Disney’s Minnie explores the land of Dizz (The
Walt Disney Company Ltd. 2014) is an example of a serious game where small
children can develop problem solving skills. The simulation game INNOV8 from
IBM (IBM Corp. 2014) provides learning opportunities for IT and business pro-
fessionals to grasp the effects of business process management.

Learning is not the only characterizing goal of serious games. There is a whole
range of other characterizing goals. America’s Army (Knight 2002) provides a
soldiering experience of basic training and is used as a tool for recruitment.
Re-Mission (HopeLab 2014) is a serious game for young cancer patients where they
have to control a nanobot to fight cancer and infections in the human body. The
game intends to inform patients about cancer treatments and to positively change
their attitude (in this case, towards a strict adherence to chemotherapy treatments).
SnowWorld (Hoffman 2000), a first-person shooter with snowballs, is a serious
game that tries to distract burn victims from pain during wound treatment by
immersing them in a virtual world.

Serious games can be divided into categories according to their characterizing
goals. For example, exergames encourage people to become physically active and
sustain a healthy lifestyle, whereas advergames are used for marketing purposes or
recruiting and may raise the players’ awareness of certain topics. The characterizing
goals of today’s serious games also include lifestyle behavior change, medical
diagnosis, enterprise management, decision support, development of social skills,
analysis of causal mechanisms, creation and defense of arguments, development of
conflict resolution strategies, arousal of fantasy, elevation of civic engagement,
promotion of ethical values, persuasion and recruitment to causes, campaigning in
politics, and many more.

1.2 Motivation

There are many motivations for those interested in creating a serious game and
pursuing goals beyond entertainment with it. First, creators want to provide the
users with a fun experience: the sensory pleasure (e.g., nice visuals and sounds) of a
well-made game can contribute to making the software enjoyable to use. An
interesting narration is another factor that can increase the enjoyment.
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Second, it is difficult to increase user motivation, and games can provide a tool to
accomplish this. For example, a joyful experience can motivate users and generate
interest or curiosity. Factors inherent in many games such as achievement and
control have been shown to contribute to motivation.

Third, software creators aim to reach users on an emotional level. Good
gameplay should be able to evoke challenge, suspense, thrill, relief, empathy with
characters, or caring for an environment. This can foster active engagement. Game
creators intend to have their users lean forward and not lean back when using the
software. As a result, the users may be more committed or invest higher levels of
endurance and effort. This can be highly supportive to achieve the intended goals of
a serious game.

Fourth, the level of goal achievement with serious games might be higher than
with other means. For instance, there are reports that serious games foster sustained
learning (Michael and Chen 2006). The advantages of using a narrative (e.g.,
quicker comprehension and better remembrance, Graesser and Ottati 1996) can be
exploited in narrative serious games, which are unique in the sense that the user is
able to interactively influence the development of a story, in contrast to other media
for narratives such as books or videos. The SnowBall game was reported to be as
effective in achieving the goal of pain reduction as morphine, while avoiding the
adverse effects of the drug (Hoffman 2000).

Fifth, serious games offer immediate feedback and adaptability. As games have a
quantifiable result, players are immediately able to assess their progress. Since
assessment is accomplished by an anonymous system, players might perceive the
assessment to be less stressful or embarrassing. Based on the assessment, the game
software can adapt parameters—for example, the difficulty level—to the individual
player. As a result, serious games are capable of providing users with a cognitive,
emotional, or physical challenge that is neither too easy nor too difficult.

Sixth, serious games can be a smart tool to achieve a certain goal where there are
simply no equivalent alternatives. For example, serious games are capable of
engaging a user in a simulated hypothetical world, where contradictions or
anomalies are integrated to induce problem-solving strategies and increase their
self-efficacy in case of success.

These are six of the major reasons to explore and employ serious games as a tool
for achieving a variety of goals. Additionally, there are other reasons to concern
oneself with serious games, such as taking advantage of market opportunities or
fostering social experiences by using multiplayer game technology.

However, employing serious games may not only have positive consequences.
The term serious game itself is an oxymoron—a game that is serious appears to be a
contradiction. Indeed, players might be demotivated to play a game simply because
it is labeled to be serious. Players might perceive a serious game as a feeble attempt
to wrap something that is not pleasant in a nice box—and find serious games as
appealing as chocolate-coated spinach. Just because something is a game does not
mean that it is fun (Wong et al. 2007). Serious games have the inherent tradeoff,
where they are trying to achieve more than one goal. If the goal to entertain is
neglected, the playing experience might be negative. Even worse, players might
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fear that they are manipulated by a serious game. In his science fiction novel
Ender’s Game, Card (1985) describes a serious game where an action game is used
to trick children to fight a real war where they take ruthless decisions because they
assume that it is only a game. Games in general have not only positive traits, for
example, there is the problem that games might be addictive or have adverse effects
on the player’s well-being. Examples are eyestrain, headaches, and even injuries in
exergames).

Thus, there are interesting perspectives but also pitfalls in using serious games.
Persons who like to either use or create a serious game face many difficult issues.
How can a serious game be made enjoyable? How can it be motivating? How can it
be engaging on an emotional level? What mechanisms can be used to adapt the
game to an individual user? Which goals can be targeted with a serious game? To
which degree does a serious game really achieve the intended goals? How does it
compete successfully with other leisure time activities? What can expertise in
pedagogy, psychology, computer science, art, design, economics, or social sciences
contribute to the development of a serious game? How is a serious game produced?
How does the development process differ from the production of an entertainment
game? How costly is the production? In order to answer these questions, this
textbook compiles insights from research, experiences from developing and using
serious games, and many best practice examples. The aim of the book is to lay a
solid foundation on top of which the reader can assess, create, use or research
serious games.

1.3 Terminology

There are many terms associated with serious games. In this section, some of the
basic terminology of serious games is introduced. Important terms are defined and
explained to provide a common conceptual basis for all chapters of this book.
Further terms that are relevant to serious games will be defined in subsequent
chapters. Figure 1.1 provides an overview of the basic terms defined in this section.

The definition of the term serious game was already presented in Sect. 1.1. As
has been mentioned there, the term should be clearly distinguished from the term
gamification. Taken literally, the term gamification means “making a game of
something that is not a game.” According to Deterding et al. (2011), gamification is
an “informal umbrella term for the use of video game elements in non-gaming
systems to improve user experience (UX) and user engagement.” In particular,
game-based concepts and/or elements are used to “gamify” existing non-game
applications. Typically, but not necessarily, this is less than a full serious game.

Games with a purpose (GWAP) can be considered as a kind of complement of
the term gamification. The term GWAP denotes games deliberately designed to
employ players in order to serve a particular non-game purpose (von Ahn 2006).
Ideally, GWAP provide incentives for people to participate in efforts such as
large-scale problem solving, picture tagging or finding appropriate textual
description of images. GWAP are a motivating and attractive means to exploit the
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potentials of crowdsourcing or citizen science, e.g., (Quinn and Bederson 2011). In
citizen science, for example, scientific problems are transformed into a compre-
hensive game to be solved by a community of non-scientists (Hand 2010). Suc-
cessful examples are Galaxy Zoo (Raddick et al. 2010, 2013), Foldit (Khatib et al.
2011; Cooper et al. 2010), and Phylo (Kawrykow et al. 2012).

Gamification means to add game elements to a non-game area, whereas
games with a purpose denote games designed to exploit crowdsourcing in
order to achieve a non-game purpose.

In order to distinguish other digital games from serious games, we introduce the
term entertainment game.

An entertainment game is a digital game that has exclusively the goal to
entertain the player. A digital game is either an entertainment game or a
serious game.

Figure 1.2 shows that terminology in serious games is concerned not only with
serious games themselves, but also with their basic concepts. Here, two activities
have to be distinguished on a fundamental level: Play(ing) and Gaming.

• According to George Herbert Mead, a well-known philosopher and social psy-
chologist, play is an activity in human development where a child imitates the
roles of others in the sense of role playing (Mead 2009). In a broader sense,
playingmeans a purposeless, intrinsically motivated activity with no explicit rules

Fig. 1.1 Terminology of serious games—overview of basic terms
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(as opposed to gaming). Rather, the activity of playing emerges and progresses
according to the implicit dynamic interaction of the players and the situation. For
example, players may change a game feature and watch what happens; based on
the result they may change the game feature again to experience the effect. This
cycle may continue, without being determined by explicit rules.

• Gaming (as the second stage of identity development) is an organized rule-based
group-play with structured roles (Mead 2009). Again, in a broader sense,
gaming can be considered a purposeless, intrinsically motivated activity
according to explicit rules. Examples would be to play basketball or table
tennis. In these games, certain rules—i.e., passing, serving and returning of the
ball—determine players’ activities.

Playing is a purposeless, intrinsically motivated human activity without
explicit rules, whereas gaming is a purposeless, intrinsically-motivated
human activity based on explicit rules.

Fig. 1.2 Six examples of competence domains specifying the characterizing goals of serious
games according to Wiemeyer and Hardy (2013)
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As mentioned above, another basic concept of a serious game is its characterizing
goal. It is important, as it characterizes the serious game and can be used to classify
serious games into several categories. The characterizing goal can pertain to several
competence or skill domains, e.g., Wiemeyer and Kliem (2012) or Wiemeyer and
Hardy (2013):

• Cognitive and perceptual competences/skills
• Emotional and volitional competences/skills
• Sensory-motor competences/skills
• Personal competences/skills
• Social competences/skills
• Media competences/skills

Figure 1.2 illustrates examples for these competence domains.

The characterizing goals of serious games can be matched to competence
domains, e.g., cognition and perception, emotion and volition, sensory-motor
control, personal characteristics, social attitudes, and media use.

Serious games can be classified according to various competence domains. It is
less common to distinguish serious games based on their target group within
specific application contexts. One example is a corporate game that is targeted at
the employees of a company. Sometimes, there is a distinction made between
serious games for (formal) education and serious games for (informal) training and
simulation, as it is assumed that they cater to different target groups and application
contexts, respectively (e.g., university students vs. company employees).

Educational games denote a subgroup of serious games, tackling the formal
educational sector from elementary schools to higher education, vocational
training, and collaborative workplace training. Whereas learning games
address primarily informal learning, educational games focus on formal
learning in dedicated educational institutions.

Besides the characterizing goal, the competence domain, and the target group,
serious games can be categorized by application area. According to the Serious
Game Classification System provided by Ludoscience (2014) or the serious games
directory provided by the Serious Games Association (2014), among the most
common serious games categories are corporate games for training and simulation
purposes, educational games, health games, and advergames. Further categories
include social awareness games, games for architecture and planning, and games
for tourism and cultural heritage. Training and simulation represent a large appli-
cation area for serious games that is also commercially relevant. Popular examples

1 Introduction 9



are numerous flight simulators. Other examples are TechForce, a game-based
training and learning environment for trainees in the field of electro and metal
industries, or game modifications of the popular entertainment games Civilization
or Oblivion that are employed to teach history or geography in higher education.
Due to increasing demands on the health system, health games have become more
and more popular. These games address several health-related aspects such as
nutrition and physical activity. To support therapy, numerous rehab games have
been developed, e.g., in neurorehabilitation (Wiemeyer 2014). The genre of per-
suasive and public/social awareness games tackles issues such as energy, e.g.,
EnerCities (Enercities consortium 2014), climate, e.g., Imagine Earth (Serious
Brothers GbR 2014), security awareness games, e.g., quiz-based games such as ID
Theft Faceoff from OnGuardOnline (Johnson 2014), and religion, e.g., Global
Conflicts: Palestine (Serious Games Interactive 2014).

Adaptation and personalization are basic concepts of serious games (see Fig. 1.2).
Entertainment games as well as serious games are usually played by a wide variety of
players having quite different characteristics. Furthermore, players showmore or less
progress in the competences mentioned above during and after playing. Therefore,
one of the most important requirements for good games is to fit as closely as possible
to the characteristics of the player in order to be both attractive and effective. This
means that the game should be adaptive and adaptable to the personal characteristics
of the player as well as to the requirements for reaching the characterizing goal. There
are many options to ensure adaptability—from designing one’s own avatar to
choosing an appropriate game level. On the other hand, adaptivity means that the
game adapts itself more or less automatically to the specific situation. There are also
many options for adaptivity, for example, presenting easier or more difficult tasks,
providing support (e.g., hints to the solution), or switching to a new scenario. For
adaptivity to be effective, a valid in-game assessment of relevant aspects like emo-
tional or cognitive state of the player or emerging difficulties is required.
Kickmeier-Rust et al. (2011) introduced the concepts of micro and macro adaptation.
Micro adaptation is a specific fine tuning whereas macro adaptation comprises
traditional techniques such as adaptive presentation, navigation, curriculum
sequencing, and problem solving support based on static learner characteristics. Due
to the challenge that game adaptation must not compromise gaming experience, a
dynamic in-game (or “stealth”) real-time assessment of cognitive, perceptual-motor,
emotional, and motivational states is indispensable in order to provide appropriate
non-disruptive micro adaptations, i.e., non-invasive adaptations like adaptive hinting,
adaptive feedback, or an adaptive adjustment of the environment.

Personalization means that games can be tailored to the individual charac-
teristics of the playing person. The game can be either adapted by an external
person like the player, teacher, or therapist (adaptability) or adapt itself based
on in-game assessment (adaptivity).
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Due to their dual mission, serious games have to be both attractive and effective:
They have to achieve the characterizing goal without compromising game expe-
rience. Therefore, the term game experience (GX) is central to the claim of serious
games to elicit experiences that are characteristic for games. GX denotes complex
and dynamic psychic phenomena while playing games. The concept of GX includes
several dimensions like fun, challenge, flow, immersion, presence, tension, positive
and negative emotions, curiosity, fantasy, self-efficacy, and motivation. GX can be
measured at three levels: behavior, physiology, and subjective experience.

Game experience (GX) is a subjective experience of “true gaming,” having
fun, being challenged, being immersed and involved in the game, feeling
emotions, and being absorbed by the game. The concept of GX can be
subdivided into numerous dimensions. One of the most important dimensions
is game flow.

Game flow is another basic concept. Game flow is an experience during gaming
characterized by exclusive concentration on the game, feeling control over the
game, being immersed in the game, facing clear goals and getting immediate and
consistent feedback, e.g., Sweetser and Wyeth (2005). Game flow occurs when
there is an appropriate fit of task difficulty and player skills. Sinclair (2011)
introduces the concept of dual flow, i.e., a balance of attractiveness and effective-
ness. Figure 1.3 illustrates the idea to influence both attractiveness (i.e., good GX)
and effectiveness (i.e., achievement of the characterizing goal) by establishing and
maintaining an appropriate balance of task difficulty and skill level.

Fig. 1.3 Dual flow as a balance of task difficulty and skill level
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The concept of dual flow is characteristic of, and unique to, serious games.
The appropriate balance of task difficulty and skill level ensures that the
double mission of serious games is accomplished: being both effective and
attractive.

As depicted in Fig. 1.1, a second major branch in the terminology of serious
games is concerned with serious games development.

Serious games development consists of two main components: game design
and game production. Game design comprises all aspects relevant to the
internal structure and external appearance of a game, whereas game pro-
duction comprises all aspects of building the game.

Game mechanics, gameplay, and rules are important aspects of game design.
These elements are explained in the following.

Game mechanics denotes “methods invoked by agents for interacting with the
game world” (Sicart 2008). In other words, game mechanics signifies the ways to
interact with a game according to the implemented rules and the specific situation,
i.e., a scenario or game level. Examples include jumping on platforms or hitting a
ball.

Gameplay is a term that is very similar to game mechanics. In a narrow sense,
game mechanics denotes the internal management of interactions, whereas game-
play denotes the external process that develops between the player and the game
while the game is played. Examples are controlling the dancing movements of an
avatar by waving the arms or eliciting jumps by pressing a button.

Rules are regulations or settings constraining the game. Rules can contain reg-
ulations about what is allowed and not allowed. Rules typically have the shape of if-
then relations (sometimes only evaluated when a certain event occurs). This means
that if certain preconditions are fulfilled then a specific consequence will take place.
For example, if the player moves too fast, the avatar may start running.

Game mechanics denotes the way the players can interact with the game. It
focuses on the internal management of interactions, whereas gameplay
denotes the external appearance of interactions. Rules are regulations and
settings constraining the game. They typically take the form of if-then
relations.

Moreover, game design covers 2D images, 3D models, sound, music, art, ava-
tars, the behavior description of non-playing characters (NPCs), and level design.
All tangible or perceivable elements of a game, including their appearance and
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behavior (e.g., images, textures, 3D models, sounds, scripts), are called game
assets. The game design is specified in a game design document. For the design of
serious games, the entertainment part has to be combined with the characterizing
goals of the serious part. In other words, game design principles need to match the
requirements and characterizing goals of a serious game. This starts with the game
idea and ends with the production of appropriate game assets fitting to the nature of
a serious game application domain and the targeted user groups.

As mentioned above, game production is the implementation of game design,
i.e., the building of the game. Two important components of game production are
asset production (also called content production) and game programming. To
actually produce a serious game, methods, concepts, and technologies are used
analogous to the development of entertainment games. However, these concepts,
technologies, and principles are enhanced with further information and communi-
cation technologies (ICT) as well as domain-specific methodologies and tech-
nologies with regard to the characterizing goals of the serious game. These are
applied in different application domains of serious games (see Sect. 1.5).

Game production comprises content production and game programming.
Content and assets are produced combining domain-specific knowledge and
game technology. Game programming denotes adequate hardware and soft-
ware arrangements including sensors, interfaces and multimedia components
as well as relevant algorithms and programming concepts.

1.4 A Reference Scenario for Serious Games

What does the lifecycle of a serious game look like? What are the typical steps and
phases that are encountered from the wish to have a serious game to players actually
playing it? Who participates in this process? Who are the stakeholders? In this
section, we provide a prototypical reference scenario and illustrate it with two
application examples: (1) development and deployment of a serious game for
corporate training—initiated and financed by a corporation, and (2) a game-based
mobile guide for the elderly to access cultural heritage—initiated and financed as a
publicly funded research project.

The lifecycle of a serious game begins with a preparation phase, followed by a
development phase (with a number of iterations) and a deployment phase, as shown
in Fig. 1.4. Similar to book editions, the overall process might be restarted again
(and again), resulting in several editions of the serious game. Reasons for that might
include new research and technology achievements, as well as an extended spec-
trum of targeted user groups or further developments in the application domain. For
instance, improved domain knowledge with new therapeutic approaches or new
sensor technologies might lead to improved game design concepts. With respect to
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the extension of targeted user groups, corporate training environments might not
only address employees of the company, but also applicants for recruiting pro-
grams. Similarly, a game-based mobile guide originally planned for the elderly
might be also adopted for younger users, providing slightly modified user interfaces
and age-appropriate interaction principles.

The preparation phase is the first step towards the development and introduction
of a serious game, and initializes the lifecycle of a serious game (see Fig. 1.4). As
outlined in Sect. 1.2, the basic motivation to create and introduce a serious game is
usually the same. Serious games are seen as a promising mechanism or “tool” to
fulfill a specific goal in the different application areas, e.g., serving as a corporate
training instrument, or a mobile assistant for playful access to cultural heritage for
the elderly. Although there is the common motivation to use a serious game as a
tool to fulfill characterizing goals, this commonality does not extend to its origin,
preparation, development, and deployment. In fact, those differ considerably in
concrete application contexts. Whereas public awareness games, educational
games, or cultural heritage games typically originate from and are financed in the
context of publicly funded projects with an overall focus beyond serious games, the
starting point in the commercial sector is often different.

In the case of publicly-funded projects, a serious game is often a byproduct. It is
not the ultimate goal of the surrounding project, but serves as a showcase to
demonstrate what the key objective of the funding scheme might be, for example,
the working principles of new ICT mechanisms, new learning paradigms, or new
concepts for ambient assisted living and mobility support for elderly people. On the
other hand, in industry-driven serious games, typically decision makers of corpo-
rations look for a good solution for a concrete problem (e.g., all employees need to
be trained for a new product or process), and they might have heard of the potential
of serious games, e.g., as a training instrument. The reason for a decision maker to
choose a serious game over other means might be that there are either no alter-
natives, or that the alternatives (e.g., classical eLearning solutions) are assumed to
be less effective, less innovative, less promising, or too expensive.

Fig. 1.4 Lifecycle and iterations of a serious game—preparation phase, user-centered iterative
development phases and deployment phase
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In the second step of the preparation phase, the market for existing serious games
is checked. However, in most cases there are no commercial off-the-shelf serious
games available matching the concrete situation and particular needs of the com-
pany. Hence, the decision maker searches for appropriate serious game providers
(i.e., game developer studios or other research and technical development
(RTD) providers with profound knowledge of serious games development). In an
optimal case, a game developer studio or RTD provider for serious games can
reference similar solutions with related evaluation studies that have proved the
effects of a serious game (both in terms of fun and user/game experience, and effects
towards the characterizing goal). This also serves as an internal argument for the
project initiator and decision maker for necessary investments. And this indicates
one dilemma of serious games: Unfortunately, only a few reference examples with
singular evaluation studies exist proving their benefit in dedicated application
contexts. Therefore, the majority of serious game development projects are based
on a trial and error strategy. Apart from pure economic or scientific considerations,
many corporations are fully convinced of the potential of game-based mechanisms
and serious games in principle. Being among the first in their field to use these
innovative new media concepts, they strive to obtain a status as an early adopter.
This is particularly true if they have digital natives or digital immigrants among
their employees or customers (i.e., people who grew up being surrounded by or
fascinated with digital games and highly interactive technologies).

The third step of the preparation phase includes the development team’s com-
position, consisting of the customer side (management level and technical level)
and the development side (game designer, game programmer, etc., see Sect. 1.5.6).
In contrast to entertainment games, further domain experts (e.g., educators, psy-
chologists, marketing experts) complement the development team. In our two
examples, doctors, therapists, or subject matter experts for corporate training or
personalized tourism need to be involved. Then the actual development can begin.

The development phase represents the main part of the overall development
process of a serious game (in terms of development duration per edition, neglecting
phases from one edition to another). It typically follows a user-centered design
approach involving users (e.g., trainees or employees in the first application
example, or elderly people in the second example) from the beginning. User
involvement may even have already started in the preparation phase.

The development phase begins with gathering information about the character-
istics, needs and interests of the target user group and of the customer such as a
training department of a corporation. This is the basis for writing the game design
document and functional requirements of a serious game. Simple paper mockups or
tinkered devices might be developed in order to provide a first impression about the
envisioned serious game scenario and practical outcomes to the end users.

Based on the first round of user feedback, a set of initial use cases is defined in
collaboration with the customer, the development team, and the targeted end users.
This step is extremely important with regard to goal-oriented evaluation studies.
These studies will be carried out to prove both the effects and the benefit of serious
games, both in concrete situations and application contexts in later stages of the
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development process. Again, mockups or early technical demonstrators providing
the principle functionality of the serious game are developed to receive valuable
feedback from the end user side. Similar to classical software engineering pro-
cesses, the game design document and functional requirements are then translated
into game scenarios (including game environments and game content, e.g., game
assets), gameplay, and technical specifications (including game mechanics). This
process typically results in a prototype that provides full functionality of the serious
game, which is tested in detail by a broader number of end users.

After taking user feedback into account, game production begins. This results in
fully integrated prototypes of the serious game or specific parts—such as a game level
for a thematic area in the corporate training scenario, or a sightseeing point for the
mobile guide scenario. These prototypes are tested and evaluated within user studies
following the use case scenarios. During this process, different software engineering
methods are often used, ranging from classical methods, (e.g., thewaterfall model) to
more recent agile software development methods such as SCRUM (software engi-
neering concepts will be described in more detail in Sect. 4.4). Agile methods focus
on iterative development and improvement of smaller parts of a game with much
shorter development cycles that are called sprints. This approach to software
development is well known and widespread in the game development community.
Sprints typically take only a few days up to some weeks—which is much less
compared to classical software development projects following the waterfall model.
For instance, in publicly funded research projects, two to three development cycles
are common in a project of 3 years. As soon as a stable version accepted by the end
users is available, the roll-out of the serious game begins.

The third major phase in the serious game lifecycle is the deployment phase.
Here, the serious game is rolled out to as many end users as possible from the target
user group. In our two application examples, this includes all employees who need
to take corporate training, or all elderly people who are visiting a city and might be
interested in a game-based mobile guide to playfully explore it. The corporate
scenario rollout is much easier, since employees are accessible via traditional
hierarchies and can be easily reached via a corporate intranet. Furthermore, cor-
porate training is usually free for employees, so there are no obstacles caused by
cost issues. For the second example, the mobile city might be offered for free via a
web portal from the city’s marketing agencies or associations of elderly people. The
practical question is how to access the market and reach as many customers a
possible. Distribution platforms and channels such as Steam (Steam 2014) that are
widespread in both the entertainment games industry and in the gamer communities
seem to be inappropriate for serious games. Also, the principle of cross-platform
publishing of entertainment games (on different game consoles or as PC, browser or
mobile versions) is not widespread for serious games yet.

The introduction of a serious game into existing corporate processes typically
takes at least 6 months. Depending on the complexity of the content, it may take up
to a year, or even more. This duration is comparable with the introduction of a
Web-based training module when eLearning was introduced.
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From an economics perspective, a challenge for both commercial and publicly
funded projects is the limited development budget for serious games, especially
compared to the budgets available for entertainment games. This may lead to a
discrepancy between the expectations of the end users and the necessary budgets to
create a convincing, successful serious game that is both entertaining and fulfilling
its characterizing goal. Especially members of the generation born after the mid
1980s, sometimes called “digital natives,” who are familiar with entertainment
games providing a convincing gameplay, excellent graphics, etc. have similarly
high expectations for serious games even in case they are aware that these serious
games have a lower budget. This problem of a limited development budget is most
apparent when it comes to the conceptualization and production of personalized,
adaptive serious games. In contrast to entertainment games created for the mass
market, the primary goal for the field of serious games is to provide adaptive games
that match the characteristics and needs of individual users or smaller user groups.
The particular requirements for the development of personalized, adaptive serious
games will be described in Chap. 7. Compared to traditional learning and training
systems such as classical Web-based training or eLearning arrangements, the cost
of digital games are much higher. This often causes wrong assumptions and
expectations by end users who expect to get high-end games for a similar budget as
traditional eLearning arrangements.

1.5 Overview of the Development Process
of Serious Games

There are established development processes for digital games described in the
literature, e.g., in Rabin (2009). These processes were developed with entertainment
games in mind. The development process of serious games, however, is not
identical to the one for entertainment games. In serious games, there are one or
more specialists from an application area involved. For instance, a health game
needs medical and health-related competence right from the beginning. A second
example is an educational game about the nourishment for babies requiring pedi-
atricians, behavioral scientists and experts in the field of didactics. One or more of
the application area specialists may provide an application-specific game behavior.
For example, a didactic expert might introduce didactic elements into the game.

Figure 1.5 shows a framework for the development of serious games. In the
center, game design methods, concepts and principles are used in analogy to the
development and design of entertainment games. These concepts, technologies and
principles are supported by further information and communication technologies
(ICT) as well as domain-specific methodologies and technologies with regard to the
characterizing goal of the serious game) Typical ICT technologies include mech-
anisms of artificial intelligence (AI) for the planning, automated generation and
intelligent behavior of virtual characters, aspects of human-computer interaction
(HCI), usability features, usage of game controllers and I/O devices, multimedia
aspects (computer graphics, audio, etc.) as well as sensor technology to retrieve and
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monitor context information. Domain-specific methodologies include aspects such
as psychosocial, didactic, and pedagogic concepts for educational settings, ranging
from kindergarten to collaborative workplace training, or psychophysiological
mechanisms to monitor the vital status in healthcare applications.

In the following, we briefly introduce key aspects of the game development
process: game idea and game design, game architecture and game production, game
adaptation mechanisms, game platforms, game engines, and the game development
team.

1.5.1 Game Idea and Game Design

At the heart of a good game design is always a creative team and a good game idea.
The better the idea, the more fun the game is usually to play, and the more useful it
might be for achieving the goal to entertain and to reach the characterizing goals.
A creative atmosphere in the development company is helpful for good game
design (Fullerton 2008). Creativity can also be stimulated using creativity tech-
niques, books (e.g., Csikszentmihalyi 2009), and seminars.

A game idea that is developed from scratch is rare. As no model exists to predict
how well a game idea will be received by the intended audience, the use of best

Fig. 1.5 Serious games—game design combined with further concepts, technologies and
disciplines, applied in a broad range of application domains
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practices is fundamental. Thus, game designers often rely on previous experiences.
They often analyze existing games and stick to working formulas, reducing the risk
of a game being a failure. This is also a reason why sequels of successful games are
common. One problem with serious games is that not as much experience has been
gathered as with entertainment games.

A fundamental task of game design is to create the game experience. However,
game experience cannot be designed directly but only indirectly by specifying game
rules, game mechanics, and other features of the game (e.g., the design of game
assets). The game experience emerges from these design choices. In serious games,
the game designers also have to take into account that the players not only have a
positive game experience but that the characterizing goals are met. As there can be a
tradeoff between achieving all these goals, game designers need to compromise. In
order to achieve this, there needs to be a close cooperation of the area specialists
with the game designers and game engineers. Often, creative ideas come from both
sides. The area specialists might have plenty of initial ideas that they would like to
see in the game, the engineers have to find ways how to implement them. Gradually
both game designers and game engineers learn more and more about the charac-
terizing goal. This allows them to have their own implementable, creative ideas
(Ritterfeld et al. 2009). On the other hand, the area specialists gradually understand
what is feasible in software, and that steers their ideas into the right direction.

As described above, a basic approach of game designers is to work iteratively.
Initial choices are tested. Then these test results are analyzed, and modifications to
the game are made. This is repeated in order to fine-tune the game design. An
example is the balancing of the game rules. If the game emerging from the initial
rules is too difficult, the players will become frustrated. If it is too easy the players
will be bored (see Fig. 1.3). A good approach is thus that the game designers start
with an initial set of rules, test the emerging game and use the test results for
modifying the rules.

To complicate matters, the players change when playing the game: they become
more experienced and hone their skills. Thus, game designers need to design a
mechanism that maintains the challenge for the player at the right level. In his
landmark paper, Csikszentmihalyi (1990) describes a diagonal corridor in a
two-dimensional graph, where the players should find themselves; the two
dimensions are the degree of difficulty of the game and the level of skill of the
players (see Fig. 1.4 for a version adapted to serious games). For achieving this, the
game designers have several game design methods, for instance, the concept of
levels. Novice players start at level 0 where they have to accomplish simple tasks.
When they do that well, the players are elevated to higher levels where the tasks
become more difficult.

Another task for the game designers is to motivate players to continue playing.
Motivating aspects are of particular importance in serious games. Game designers
can also use several game design methods for this. One method is again to use
levels and motivate players by giving them a sense of progress or by making them
curious about the next levels. Another game design concept is in-game awards.
A player who has accomplished a task gets awarded an in-game bonus. In the
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simplest case, this bonus consists of points, and a ranked list of the players with
their points is displayed when the game is over. This might motivate players to try
their best to end up high on that high-score list. Other awards can consist of more
powerful weapons, desirable objects or additional lives for the player. In serious
games, those awards could refer to the purpose of the game.

1.5.2 Game Architecture and Game Production

The game design describes a serious game on a conceptual level. In order to be
playable as a digital game, the game design needs to be implemented in a software
system. This is the task of the game production. Beside software development, the
game production also comprises the creation of the game assets (e.g., generating 3D
models of game objects, animating game characters, drawing textures, or recording
a soundtrack).

Developing a game software system can be challenging task, as these systems
can be highly complex. Divide et impera, i.e., breaking down a complex problem
into smaller problems, is a software design paradigm that has been successfully
employed in the past to deal with complexity. Thus, to make the production task
manageable, the game software system is often broken down into subsystems.
A game architecture describes which subsystems are present in a game and how
they are assembled to form the entire digital game. The architecture of a game is
depicted in Fig. 1.6.

The game architecture is structured into many components interacting with each
other. The hardware layer can be a PC, smartphone, game console, etc. As usual in
any computer system, we have the operating system on top of the hardware. On
general-purpose computers, such as PCs or smartphones, it supports many appli-
cations in parallel. In contrast, on game consoles, it is tailored to enable gaming
efficiently.

On top of the operating system comes the game runtime environment. It is based
on a platform independence layer that shields the core of the game engine from the
details of the operating system so that it can run on many different hardware
platforms. At the heart of the core is the main loop. Here, a timer controls the
execution of all those components that require periodic updating; examples include
the game’s artificial intelligence (AI), the physics (e.g., simulation of gravity),
collision detection and many more. If the game has a multiplayer mode, the mul-
tiplayer management component allows connecting to other players, typically via a
central server, and often game mastering is also supported. A resource manager
maintains the asset database of the game, including materials and textures, fonts,
the skeletons of avatars, and sounds. In contrast to the assets, the game data
manager stores information about the state of the game and the players, e.g., the
points they currently have and the level at which they last played. As its name says
the output generator creates the visual output for the display and the audible output
for the speakers or earphones; sometimes haptic output is also provided, for
example, force feedback on a steering wheel. And the input handler deals with all
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kinds of user input, such as mouse input, game controller input, camera input from a
Kinect device or speech input. The game architecture is simplified here; more
details will be discussed in Chap. 6 on game engines.

The game architecture of multiplayer games is more complicated than that of
single-player games. There are two main reasons for that. First, the network causes
a delay for the communicated actions of the players, causing temporal inconsis-
tencies. Second, the global common state of the game must be maintained some-
where. Although several research papers were written propagating peer-to-peer
games without a central server (Hu and Liao 2006; Bharambe et al. 2008; Lehn
et al. 2011) experience shows that a central server is the most reasonable solution to
run a multiplayer game efficiently: the players are connected to that server, the
server receives action messages from them and reflects those in the centrally
maintained global state. Updates to that state are then periodically forwarded to the
machines of the players. Inconsistencies are still possible. For example, when two
networked players shoot at each other within a short time period (say, 100 ms),
both expect the other player getting killed because they do not see him shoot in
time. The game server has to resolve that inconsistency, deciding which player was
quicker than the other. The two local displays at the players are then updated to
reflect that new global state. As a result, the game architecture is not only concerned

Fig. 1.6 The architecture of a game at runtime
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with the game software running on a single computer but needs to reflect a game
software system that contains the software run by the individual players and the
game server.

1.5.3 Game Adaptation Mechanisms

A serious game always pursues the target to change the player with regard to the
characterizing goal. This is usually the reason why a player chooses to play a
serious game or why a player is asked to play it, e.g., by an employer or a teacher. If
the serious game is successful, there is a discernible difference between the indi-
vidual player before and after playing the game. Differences could be that the player
possesses novel skills or knowledge, the player has different attitudes or opinions,
or the player is healthier. Thus, in order to be successful, a serious game needs to
adapt itself even more to an individual player than an entertainment game that does
not seek to change the player but just to entertain.

There is another reason to emphasize personalization and adaptation in serious
games. Serious games typically address a much smaller and more targeted audience
compared to entertainment games. Examples include employees of a corporation or
users with a specific health characteristic in the context of health games. In contrast,
entertainment games are produced for a broader user group, e.g., the community of
hardcore gamers in general or player communities for a specific game or game
genre.

Hence, the aim of personalized, adaptive serious games is to match the indi-
vidual needs and characteristics of a small user group as well as possible. This
adaptation must happen automatically, without manual intervention. Figure 1.7
provides a conceptual model for the development and control of adaptive serious
games. The model consists of four major components and four phases: First, within
the sensing phase, the current player behavior is collected and recorded via sensing
technology. This ranges from simple logging of game events and contextual
information about the setting, time and place to the measurement of psychophys-
iological data of users during the play. In a second phase, this information is
aggregated and stored in a knowledge base. There, the dynamically acquired,
user-centered data is combined and aligned with the static information, such as the
user profile, domain model (e.g., training programs for health games), or game
patterns and interaction templates. The analysis and interpretation might take place
either automatically (i.e., algorithmically according to predefined rules), in real-time
during play, or manually by subject matter experts such as doctors, therapists or
sport scientists familiar with cardio training programs. The results of the analysis
and interpretation phase are the input parameters for the adaptation component. For
instance, in the application context of a cardio training game, a very high heart rate
of the player triggers a rule to reduce the resistance of an ergometer. Further
adaptation concepts include an automatic content creation and difficulty adaptation
for individual users as well as adaptation rules for the gameplay. For example, the
training intensity might be varied by a higher or lower frequency of appearance of
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objects to be collected by the player. Finally, in the personalization phase, the result
of the adaptation process is presented to the player. More details about the
underlying concepts of the adaptation and personalization process for serious games
will be presented in Chap. 7.

1.5.4 Game Platforms

Game software alone is not sufficient to play a game. We also need hardware that
runs the software. The hardware comprises processors, graphics hardware, memory,
storage, input devices (e.g., a keyboard or specific game controllers), and output
devices (e.g., a smartphone display or loudspeakers). This hardware together with
basic software (e.g., device drivers or an operating system such as iOS or Microsoft
Windows) forms a platform supporting the game software. Nowadays, we have
many game platforms to choose from: a standard PC, a game console connected to a
TV set, a mobile game device, and a smart phone are just examples. Each platform

Fig. 1.7 A pattern for adaptation in serious games
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has typical characteristics. For example, compared to a high-end PC, a smartphone
is mobile and has more sensors that can be integrated into a game (e.g., GPS,
touchscreen, acceleration sensors)—but it also has a very small screen and inferior
graphics performance. While some platforms such as tablets or PCs are multipur-
pose, other platforms are geared towards gaming or only support games (e.g., a
Nintendo 3DS).

A special gaming platform is the World Wide Web. With the software of the
Web browser and standardized content descriptions such as HTML, an additional
layer of abstraction is put above the hardware layer. This allows abstracting from
different peculiarities of the underlying hardware. Digital games in general that use
the Web as their gaming platform are called browser games. They are especially
attractive for marketing applications where ease of deployment and no cost for the
user are important arguments.

1.5.5 Game Authoring Environment

Game software is often not developed from scratch; either an existing game soft-
ware is modified, or a game authoring environment is used. Since many mecha-
nisms exist in much the same ways in many games, it makes sense to develop
generic software for their support. Game authoring software that helps the game
developer is illustrated in Fig. 1.8. Its main part is the game engine.

The most important component of an authoring environment is the game runtime
environment. Its architecture has already been shown in Fig. 1.6.

Fig. 1.8 Game engine and game authoring environment
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When a game is developed, the game developers have prefabricated assets at
their disposition from an asset store, managed by the asset manager. It is possible
to fill the asset database for the game runtime environment either by importing
assets via the asset manager from the asset store, or by creating assets with editors
or third-party tools. In order to be usable within the game engine, converters are
necessary to import and export data. Authoring tools provided by the game engine
usually allow editing terrains, levels, game scripts, avatars, materials, textures, etc.
In some game engines, there is an integrated interactive game editor that offers
sophisticated editing capabilities, which makes it feasible to assemble the game
from the assets, define the game logic, etc. Often, this editor allows the game to run
while editing is in progress.

In addition, the game engine offers a version control subsystem for different
versions of the game, performance analysis tools for optimizing the game, and
support for multiple authors working in parallel. It may also provide a software
development toolkit (SDK) that allows extending the pre-fabricated functionality of
the tools or the runtime environment. Game engines can also be open source, or
they can offer a set of software libraries in different programming languages that
can serve as a foundation for a customized game software development. Likewise,
third-party software libraries can be used to alter a game engine (e.g., integrating or
replacing a physics engine), and other 3rd party tools may offer SDKs to customize
them and integrate them better into the authoring workflow.

A large number of proprietary game engines exist, which have been developed
by game companies. Almost all the big game studios have their own: Some are
commercially available, e.g., Unity (Unity3d 2014), and others are in the public
domain, e.g., OGRE 3D—Object-oriented Graphics Rendering Engine (OGRE
2014). In recent years, the licensing policy for game runtime environments has
changed. Today, inexpensive or even free versions are available in order to get
game developers or small game companies hooked to a specific product. Usually,
these inexpensive versions do not offer full functionality, but can be upgraded for
an additional fee. They are especially popular in both academic environments and
with casual developers of smartphone games. For example, based on this licensing
model, the Unity 3D game engine has won more than 3.3 million users by 2014. In
this book, Chap. 6 is devoted to game engines.

1.5.6 The Game Development Team

A typical game development team consists of several persons with different skills
and different duties who are not necessarily involved during all phases of game
development. Key roles are game designer, game engineer/game programmer,
artist, quality assurance experts and expert for the serious part.

Game designers are the heart of the game; their ideas determine the success of
the game, both in terms of the fun while playing and of the characteristic (serious)
component. Game designers can work at different levels: at the basic level, the goal
and the levels of the game are designed. At an intermediate level, specific areas in
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the game world or specific levels of the game are designed. At the detailed level,
game rules are fine-tuned. In larger teams, a game design manager ensures that
game designers work together in a consistent manner.

Game engineers (sometimes called game programmers) are responsible for
software development. They are often computer scientists, and they design and
implement the game software. Some development studios distinguish between tool
developers writing game engine software, with game programmers writing the
game-specific code, and game engineers who are responsible for the software
engineering process.

Artists are responsible for the artwork; they design the landscape, the objects in
the game, and the avatars. The audio components are often designed by sound
artists.

QA experts are responsible for the quality assurance of the game. They not only
test the game software for its software quality (e.g., its robustness or performance),
but also they conduct user tests to assess the game experience and the degree to
which the characterizing goals are reached. The QA experts recruit test players and
organize play tests.

Experts for the characterizing goal (also called area specialists) contribute
knowledge that is essential to achieve the serious goal. For example, if the game is
for medical rehabilitation, the experts must have a medical background.

Sometimes there exist additional roles, e.g., the IT support engineer responsible
for the technical infrastructure (such as backups and software maintenance), the
project manager responsible for organizing and running the development project,
the project controller responsible for monitoring the projects’ finances, the pro-
ducer responsible for providing the resources for production (in particular the
financial resources), and the customer responsible for specifying the characterizing
goals. Key roles in the development process can be supported by secretaries or
assistants.

1.6 A Short History of Serious Games

An introduction to serious games would not be complete without taking a look at
their history. Although it is possible to also consider classic (non-electronic) games
that have a serious purpose, we focus here on the history of digital games.

Early work on serious games was done in the US military. For example, Abt
(1970) describes a game for training officers developed as early as 1961. The term
became really popular with two events in 2002: Sawyer and Rejetski (2002) pub-
lished their white paper Serious Games: Improving Public Policy through Game-
based Learning and Simulation, and the game America’s Army appeared in the
market (Knight 2002). The latter is a military game engaging the player in realistic
combat situations. It was developed by the US army in order to support the
recruiting of young people. It features realistic weapons, and the players are dressed
in uniforms of US infantry soldiers. The most successful players get an invitation
letter from the recruitment office of the army. Actually, as early as in the 1960s, the
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US military maintained an agency called “Joint War Games Agency” dedicated to
the development of games for military purposes (Djaouti et al. 2011).

The earliest electronic game console for use in private homes, the Magnavox
Odyssey, was shipped with both entertainment games and serious games. Its cre-
ator, Ralph Baer, had worked on it since 1966; he believed in serious applications
of gaming (Baer 2005). The console came out in the US market in 1972. Since
microprocessors were still in an early stage in those days, the console had spe-
cialized transistor circuits, and its display was an array of white lamps. Ever since,
progress in digital electronics was reflected in both entertainment games and serious
games.

In the 1980s, entertainment games were often played in arcades but those were
not the right places for serious games. In contrast, in the home markets with PC
games and video consoles, they slowly established their share. For example,
exercise games were available in the 80s for the Atari 2600 and the Nintendo NES.
They became really popular in 2006 with the arrival of the Wii (Nintendo 2008)
which had a specialized interaction device, the Wii Remote Controller. It is a
handheld pointing device, also containing a 3D acceleration sensor. A balance
board is also available. They communicate with the main console via Bluetooth.

The next step in innovation came with Microsoft’s Kinect in 2010 where the
human body is used as the main interaction device. The console comes with a
camera and infrared depth sensor detecting the joints of the human body in
real-time. This kind of interaction is great for exercising; the Kinect is even used by
US schools for dance training.

Whereas between two and 40 new serious games appeared per year from 1980–
1990, that number increased to between 60 and 80 between 1990 and 2002. In the
following years, between 70 and 240 serious games came out per year, with a
significant increase after 2007 (Djaouti et al. 2011).

The main markets for serious games are North America, Japan, South Korea, and
Europe. Whereas children were seen as the main players in the US, Japan, and
Europe also had adults in mind. For example, Dr. Kawashima’s Brain Training was
a popular Nintendo health game in Japan. A European specialty is serious games for
art and culture, with a goal to increase knowledge about cultural heritage in
European countries. Examples include Versailles 1685 and Vikings (Djaouti et al.
2011).

For a fairly complete overview of the current list of Serious Games, refer to
http://serious.gameclassification.com/, where more than 3000 serious games are
listed (Ludoscience 2014).

1.7 How to Use This Book

We conclude this introductory chapter with concrete advice on how to use this book
in different contexts. Everybody is advised to read the introduction (Chap. 1) first;
all other chapters assume that you have read the introduction beforehand. In par-
ticular, it is assumed that you are familiar with the terminology introduced in

1 Introduction 27

http://serious.gameclassification.com/


Sect. 1.3 and have an overview of the concepts presented in the introduction.
Otherwise, there are no more dependencies between the chapters. Thus, this book is
highly modular, as you can select chapters in the order that is suitable for you. It is
not required to read the book from start to finish. Each chapter is self-contained. To
ease orientation, each chapter (except Chap. 12) adheres to the same basic structure.
It starts with an abstract and an overview. At the end of each chapter, there is a
summary and questions section to allow one to assess understanding of the material.
The questions can also help to prepare for exams. This is followed by recom-
mendations for further reading. It includes an overview of scientific journals and
conferences that are relevant for the topics discussed in the chapter. Literature
references conclude each chapter.

1.7.1 Organization of the Book

The basic chapter of the book is the introduction. All other chapters are clustered
into four parts. The first part is concerned with the creation of serious games. This
comprises the design of serious games (Chap. 3), authoring processes and tools
(Chap. 4), and the content of serious games and its production (Chap. 5). The whole
authoring process is an interdisciplinary effort requiring skills in areas such as
computer science, art and design, psychology, didactics, and storytelling. The
basics that are fundamental for interdisciplinary collaboration are laid in Chap. 2.

The second part focuses on the phase when the finished serious game is played.
Important aspects are game engines (Chap. 6) that are the backbone during runtime.
Peculiar for serious games is the need for personalization and adaptation; Chap. 7
deals with adaptation mechanisms, game balancing, and dramaturgy. Game mas-
tering in serious games is often application-dependent. In game-based learning, for
instance, the game master may have the role of a tutor or instructor at the same time;
Chap. 8 discusses game mastering together with social aspects of serious games,
especially in multi-player games.

The third part takes a look at the effects of serious games and their evaluation.
Chapter 9 discusses the goal to entertain and shows how the game experience can
be measured. It also introduces the term player experience. In addition, evaluation
techniques that are vital for games in general (such as the evaluation of the game’s
usability) are addressed. Chapter 10 focuses on the assessment of how far the
characterizing goals are met that are unique for serious games. In this chapter,
evaluation techniques are presented, and indicators for the performance of a serious
game are identified.

Finally, the topic of the fourth part is serious games in practice. First, Chap. 11
addresses economic aspects such as budgeting, cost benefit analyses, and serious
game distribution. A collection of many examples of serious games is contained in
Chap. 12 where each set of examples highlights a different characterizing goal.
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1.7.2 Readership

Primarily, this book is a textbook that can serve as an accompanying text for a
course, an introductory text for a seminar paper on a specific topic in serious
gaming, a book of reference, or a basis for self-study. Serious games are always the
result of interdisciplinary work. Appropriately, students of various disciplines (such
as computer science, communication design, game design, pedagogics, psychology,
or the humanities) are the main target group of this book. Chapter 2 provides brief
introductions to these different disciplines.

Prospective users of serious game technology may find this book helpful as it
provides them with a solid basis for judging the advantages, limitations and
application areas of serious games. This target group will find part IV of the book
with its application examples and the discussion of resources and other economic
aspects particularly useful. Readers will be able to develop an understanding for the
production process and to assess its complexity. Moreover, they will be provided
with a methodology to evaluate if a serious game meets its goals.

Prospective developers of serious games are another target group of this book.
Specifically, if developers are already familiar with games for entertainment, they can
learn more about the specific issues regarding serious game design and development.

1.7.3 Teaching Suggestions

The modular design of this book allows it to cater to different learning goals and
needs. Readers and instructors are able to choose what learning content they find
appropriate. In the following, you can find five suggestions for courses (assuming
one semester, two hours per week, 150 h workload) which can also serve as rec-
ommendations for self-studies of particular topics. Those suggestions should be
adapted by instructors to individual student knowledge and interests.

Example 1: Introduction to Serious Games
Chapter 1, first four examples of Chapter 12, Chapter 3, Chapter 5, Chapter 7,
Chapter 8, Chapter 10

Example 2: Entertainment Technology
Chapter 1, Chapter 4, Chapter 6, Chapter 5, Chapter 7, Chapter 2, Chapter 3,
Chapter 9

Example 3: Serious Game Design
Chapter 1, Chapter 2, Chapter 3, Chapter 7, Chapter 8, Chapter 4, Chapter 9,
Chapter 10, Chapter 12

Example 4: Game-based Learning
Chapter 1, Chapter 2, Chapter 3, Chapter 9, Chapter 10, Chapter 4, Chapter 5,
Chapter 12
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Example 5: Applications of Serious Gaming (e.g., Serious Games for Health)
Chapter 1, Chapter 12 (selection of application examples), Chapter 7, Chapter
8, Chapter 9, Chapter 10, Chapter 2, Chapter 3, Chapter 4, Chapter 11

Moreover, the book can serve as additional literature in a course (e.g., about
game development or e-Learning) that touches on the subject of serious games.
Here, reading Chap. 1 is recommended, followed by application examples for
illustration (Chap. 12) and based on a selection of the specific chapter of interest.

1.8 Summary and Questions

Serious games are digital games where developers desire more than a singular goal
to entertain, and pursue one or more characterizing goals. A typical characterizing
goal is that the player learns something (e.g., facts about a subject, or specific
skills). However, serious games are broader than just educational games. For
instance, exergames pursue characterizing goals to both promote a healthy lifestyle
and increase players’ physical fitness. An additional characterizing goal besides
entertainment affects the development process of a serious game, where
subject-matter experts are included as part of the development team.

As a characterizing goal has a severe impact on game design, there will be a new
tradeoff with existing entertainment goals. Experience shows that this tradeoff is
solvable; many games exist that are both fun to play and serve a more serious
purpose. Although the history of serious games shows that the idea of games having
a serious purpose is not new—with serious games existing right after the invention
of digital games—their development and usage is still a challenge today.

Check your understanding of this chapter by answering the following questions:

• Why is it necessary for a serious game to have an identifiable outcome?
• Foldit is an online game by the University of Washington where players solve

puzzles concerning the 3D structure of proteins. Observing the players,
researchers try to find algorithms for how a 3D protein structure can be pre-
dicted. Is foldit a serious game? If so, what is its characterizing goal? Can foldit
be considered the result of a gamification process? Can foldit be classified as a
game with a purpose?

• What are the differences between developing an entertainment game and a
serious game? How does the characterizing goal of a particular game affect the
differences?

• What are the additional costs for the development of serious games compared to
entertainment games?
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• Why are adaptation and personalization especially important for serious games?
Which steps are necessary to establish personalized, adaptive serious games that
match the needs and characteristics of individual users and user groups?

• Assume you need to create a serious game that raises awareness about sexually
transmitted diseases (STDs). Budget limitations dictate that you could afford to
hire at most five persons for the development team. What roles would you
assign to the team members? Which skill set would you look for in each team
member? How would you start the project in order to come up with a game
idea? What could a suitable project plan look like?

• Do some research on input and output devices that are used for games.
Assemble a list of 20 devices. Make a list of 10 characterizing goals for 10
potential serious games you can think of. Are there any specific input and output
devices that would be particularly suited to reach the characterizing goal in each
of the ten games?

Recommended Literature1

Ma M, Oikonomou A, Jain L (2011) Serious Games and Edutainment Applications. Springer,
London, UK—provides a pragmatic approach to the research and application area of serious
games and edutainment applications. Case studies and underlying research and development
aspects are covered, as well as business aspects and guidelines on how to use a serious game,
e.g., in a classroom setting

1Original work in game research and serious games research is introduced and published by a
number of well-established scientific conferences in the field of artificial intelligence (e.g., AAAI
Conference on Artificial Intelligence and Interactive Digital Entertainment, short: AIIDE),
human-computer-interaction (ACM CHI Conference on Human Factors in Computing Systems),
multimedia (ACM International Conference on Multimedia) or computer graphics (International
Conference and Exhibition on Computer Graphics and Interactive Techniques, ACM SIGGRAPH)
as well as business-oriented conferences and events (e.g., the Game Developers Conference or
gamescom). Games-related scientific conferences include: Foundations of Digital Games,
Advances in Computer Entertainment, International Conference of Interactive Digital Storytelling,
and the International Conference on Entertainment Computing. Specialized international
conferences include: eLearning and Games (Edutainment), European Conference on
Game-based Learning, European Conference on Technology-enhanced Learning, and Games for
Health in the fields of education and health. The few conferences that are specifically dedicated to
serious games are: International Conference on Serious Games Development and Applications,
International Conference on Games and Virtual Worlds for Serious Applications, and International
Conference on Serious Games (originated by GameDays). Similarly, a number of scientific
journals have been set up in the area of games, serious games and entertainment computing:
International Journal on Artificial Intelligence in Education, International Journal of Game-based
Learning, International Journal of Serious Games, Games for Health Journal, International Journal
on Technology-enhanced Learning, IEEE Journal of Educational Technology and Society, IEEE
Transaction on Learning Technology, Journal of Learning Science, Journal of Technology and
Teacher Education, Journal of Usability Studies, Journal of Virtual Worlds Research, Journal of
Virtual Worlds and Education, and Simulation and Gaming.
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Ritterfeld U, Cody M, Vorderer P (2009) Serious Games—Mechanisms and Effects. Routledge,
New York and London—tackles the nature of serious games from a social science perspective,
in the context of various best practice examples in the field of serious games for learning,
serious games for development, and serious games for social change

Bredl K, Bösche W (2013) Serious Games and Virtual Worlds in Education, Professional
Development, and Healthcare. Information Science Reference (an imprint of IGI Global),
Hershey PA—primarily addresses educators indicating the potential of digital games for its
use in multi-user instructional (learning) environments. Technically, methods and concepts for
the creation (authoring), control and evaluation (measurement of effects) are described in the
context of digital educational games and games for health

Rabin S (2009) Introduction to Game Development. Second Edition. Charles RiverMedia, Boston—
a standard textbook on the topic of entertainment games

Salen K, Zimmermann E (2003) Rules of Play: Game Design Fundamentals. MIT Press,
Cambridge, MA—provides a benchmark in the field of game design. This includes a model for
analyzing and understanding games as well as fundamental concepts such as “play,”
“design,” and “interactivity” towards the creation of games and (playful) interactive systems
in general
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Abstract
Creating entertainment games is always an interdisciplinary effort, and becomes
even more pronounced when serious game creation involves experts from a
specific subject area or supporting disciplines, such as pedagogy. As these
experts can come from almost any discipline, it is beneficial for interdisciplinary
work to appreciate differences in approach. Understanding diverse technical
terms is important; for example, a computer scientist and an artist will associate
quite different aspects with the term “communication”. But being in a specific
discipline does not only affect vocabulary. Disciplines may have fundamentally
different ways of thinking, or different methodologies how to approach a
problem. People, who have worked in a discipline for a longer time, might be
surprised when they reflect on how much this has shaped them as a person. As it
is advantageous in the context of serious games to not only understand one’s
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own discipline, this chapter contains brief introductions to the major disciplines
involved in the field of serious games, with pointers for where to start when one
wishes to obtain a deeper understanding of the field. The specific disciplines
covered are computer science, art and design, psychology, didactics and
pedagogy, and stories and storytelling. Finally, this chapter contains a section on
best practices and typical pitfalls when working in an interdisciplinary team.

2.1 Computer Science

One major question in computer science is how to represent data in computing
machinery; for instance, how to store the high score of a digital game in computer
memory. The representation of the data will need a certain storage space that is
measured in bit (8 bit = 1 byte, 1000 byte = 1 kB, 1000 kB = 1 MB). This measures
also the information that is contained in the data. For example, in an 8 bit storage
space, 256 different data values can be stored. Data is usually represented in a
structured way. In computer science, many data structures such as tables, lists, trees,
or graphs have been developed. The selected data structure determines the effort to
process the data, e.g., the time required for finding a certain value in a data set.
A discussion of data representations and data structures can be found in (Brass 2008).

Another fundamental question is how something can be computed. Thus,
computer scientists are interested in finding an algorithm, i.e., a complete and
detailed description of how to proceed to perform a calculation. For instance, there
are many algorithms regarding how to find the shortest path a character can take
from one position to another. Computer scientists analyze algorithms to assess their
efficiency and their correctness. Ideally, the proof of correctness is made not by
trials (as there might be so many possibilities that not all can be checked in a
reasonable amount of time), but by using methodologies from mathematics.
A collection of standard algorithms can be found in (Sedgewick and Wayne 2011).

In order to actually solve a problem, the computer has somehow to learn about
the concept how to solve it—the algorithms, the data, and the data structures
needed. One possibility is to build a dedicated hardware chip that implements the
concept. More often, however, multipurpose hardware that can be programmed
serves as basis for implementation. Unfortunately, natural language cannot be used
to tell the computer what to do as it is ambiguous, and the meaning (the semantics)
cannot be inferred by a machine. Therefore, artificial programming languages were
designed that follow a formal syntax specified by a grammar. Machine language is
closer to a way the computer works, but cumbersome to use. Therefore, higher level
programming languages (e.g., C, C++, C#, Java) have been developed on a higher
level of abstraction. Abstraction is a key method in computer science. Higher level
programming languages abstract from the hardware used, making it feasible to
write a single program for many hardware setups, e.g., different CPUs (central
processing units). This program needs to be translated to programs in the machine
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language of different processors. The translation is not done by hand, but by
specific software called a compiler that is often embedded in an IDE (integrated
development environment), e.g., Microsoft Visual Studio or Eclipse. The compiling
time can be significant. Instead of creating a new program by translation, an
existing multipurpose program (an interpreter) can be used to reduce the wait time.
The interpreter directly parses and executes commands written in an interpreted
language (e.g., Python, Lua, Perl). Existing program code can be collected in
software libraries and thus can be reused when writing a new program. Existing
programs may also offer an application programming interface (API) that allows it
to be extended by additional code. Madhav (2013) gives an introduction to pro-
gramming in the context of games.

There are several subdisciplines in computer science. Computer graphics (Angel
and Shreiner 2014), for instance, is concerned with creating imagery with a com-
puter. For this, a model needs to be described; for example, creating an abstraction
of a scene’s objects or light sources to be shown that is complex enough to provide
all relevant details, but still simple enough that it can be grasped by a computer).
The model is rendered into an image by a program called renderer. The model can
be described and the rendering can be programmed using dedicated libraries for
graphics (e.g., OpenGL or DirectX). One can also use a descriptive language such
as HTML5 just to describe the model. The rendering is then performed by an
existing program, e.g., a Web browser.

Modeling is a fundamental task in computer science. One approach is to use
classes, i.e., abstracted descriptions of models of real world objects or concepts.
This approach is called object-oriented programming (Meyer 1997) and is a
standard way to organize programs and make them manageable. Software engi-
neering (Pressman and Maxim 2014) is the name of a subdiscipline that is con-
cerned with such approaches and procedures how to best build software or organize
program code. This also includes methods for testing and debugging, i.e., correcting
software errors. Section 4.4 discusses examples of software engineering methods
that are used in serious game development. The aim is to create software that is
correct, easy to maintain, and efficient. In the area of computer games, software is
often required to run in real time, i.e., to be quick enough to keep up with the user.
For example, the game software should be able to create more than 60 images per
second, or react within 100 ms to a user action. As it cannot be foreseen when
writing a computer program how and when a user will act, the concept of events is
used. The action of the user creates an event and according program code can be
executed to handle this event.

Other subdisciplines of computer science are databases (Connolly and Begg
2014), computer networks (Tanenbaum and Wetherall 2010), parallel and dis-
tributed systems (Rauber and Rünger 2013), and artificial intelligence (AI). AI has
developed methodologies such as neural networks or rule-based systems to enable a
computer system to perceive its environment, represent knowledge, plan, learn,
reason, and solve problems (Russell and Norvig 2009). An introduction to AI used
specifically in games can be found in (Rabin 2013).
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2.2 Art and Design

When thinking about design, what might first come to mind could be fashion,
graphics, or furniture. But design has a more universal meaning than these com-
mercial applications. A dictionary definition uses the synonym “plan”: To design
means indeed to plan and to organize. All artifact developments (building a
physical prototype, architecting a software interface, constructing an argument or
implementing a series of controlled experiments) are created within some design
methodology, which guide the creative thought process and help ensure quality
work (Hunicke et al. 2004).

Design is inherent in the full range of art disciplines, from painting and drawing
to sculpture, photography, and time-based media such as film, video, computer
graphics, and animation (Lauer and Pentak 2011). Design can be divided into
specific disciplines, including communication design, industrial design, system
design, product design, sound design, interaction design, event design, and game
design. Most art and design disciplines are “mixed disciplines” since they hold
aspects of, and are integral to, one another. Designing a game requires many art and
design competencies. Every successful game needs to be easy to use and positively
influence the user’s (gameplay) experience by providing artistic visuals and ani-
mations, immersive game mechanics, sound and narration as well as a
user-engaging game mechanic. Additionally, serious games include input from
relevant subject-matter experts.

What art and design always have in common is that they plan arrangements of
elements to form specific patterns, taking into account the variation of these ele-
ments depending on the field (e.g., painted symbols to scenic flats, or state of the art
games). The result is visual, sonic, haptic, or interactive organization. However,
when it comes to the relationship between art and design, it can be hard to dis-
tinguish where one ends and the other begins. In the arts, infinite variations in
individual interpretations and applications are possible, “problems to solve” are
mostly not given by a third person beside the artist herself and the contemplator, nor
do predetermined solutions exist. In contrast, design is creative and “interdisci-
plinary problem solving” for other parties and can also be applied in more serious
contexts. Innovative product development user examples include Third World
countries (Brown and Wyatt 2010) or rehabilitation patients (He et al. 2005).

Since many interdisciplinary fields are affected by design, various design
approaches and (research/evaluation) methods are established and guidelines are
provided. Current design practice is experiencing a shift from product-oriented to
purpose-driven; from employing user-centered design (UCD) to co-designing
(CD)—respectively participatory design (PD) for collective creativity (Sanders and
Stappers 2008). A forerunning participatory approach in the field of architecture is
invisible design thinking, which aims to gain critical system and decision-oriented
knowledge that extends to the design object itself (Burckhardt 2012). Today, design
research has become an integral part of all art and design activities, since iterative,
qualitative, and quantitative analyses support the designer in two important ways:
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(1) they help the designer analyze the end result to refine implementation, and
(2) they analyze the implementation to refine the result (Hunicke et al. 2004).

In the UCD process, the focus is on the thing being designed (e.g., object, com-
munication, space, interface, system, service), looking forways that this canmeet user
needs. The roles of the researcher, collecting user data, and the designer, interpreting
these data/design criteria and developing the product based on these results are dis-
tinct, yet independent (Sanders 2002). The user and the designer may then come into
the process of user tests with the product. Thus, the user is not really a part of the
“team.” In contrast to the UCD approach, the users become a critical component in the
PD approach, since they are actively participating in the design process. The range of
the typical roles of the researcher and the participant then can be described as par-
ticipatory, observational, and self-reporting; the researcher and the participant also act
as reviewers based on expert knowledge (Martin and Hanington 2012).

User-experience design (UXD) is the process of enhancing user satisfaction by
improving the usability, accessibility, and pleasure provided in the interaction
between the user and the product (Kujala et al. 2011). UXD encompasses traditional
human-computer interaction (HCI) design, and extends it by addressing all aspects
of a product or service as perceived by users. UC- and UX-based design approaches
always imply user tests in order to evaluate user experience, which involves human
perceptions and responses that result from the use (or the anticipation of use) of a
product, system or service (Beccari and Oliveira 2011).

For all design approaches such as UCD and UXD that prioritize the skills, needs,
and context of persons actually using the product or experience, the general term
human-centered design (HCD) is used. The ISO-standard 9241, for instance, names
Part 210 “human-centered design for interactive systems.”

All of the aforementioned design approaches can be used in a variety of fields
and design disciplines. On a more concrete level of methods and tools, there are
many practices which originate in other, more traditional scientific disciplines
and/or have been adapted, ranging from quantitative to qualitative methods and
having a more exploratory, generative or evaluative purpose (Martin and Hanington
2012). Traditional methods employed for design processes are for example ques-
tionnaires, role-playing, secondary research, and interviews such as triading.

Examples for genuine design methods, which are user-oriented and participatory,
are mind mapping, cultural probes, personas, generative research or crowdsourcing
(Martin and Hanington 2012).

Eye tracking is an example for a technique that can serve as basis for a quan-
titative method, which has been adapted for design purposes from the field of
cognitive psychology (Bojko 2012). The technology tracks what the user is looking
at—and not looking at—when browsing, e.g., through a website or a video game;
the data then can be visualized as a heat map. Since this method does not provide
insights into user motivation or comprehension, it must be triangulated with
complementary research methods.

Prototyping—the tangible creation of product or interface concepts—is used as a
qualitative and iterative tool at different levels of development in various design
fields (Martin and Hanington 2012). Especially the form of (rapid) paper
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prototyping is essential in game design; it represents on an abstract level the core
game mechanics and the rule system without the narrative, audio and visual
overlays and digitized interfaces. As an epistemological and simulative tool this
method functions as “philosophical carpentry” (Bogost 2012).

On a meta-scientific level, Frayling’s categorization into research about, for, and
through design (Frayling 1993) provides a much quoted discursive model to discern
various approaches and to reassess the dialectics between the traditional (self-)con-
cept of research and the generally more applied and participatory practices of design
and design research processes (Friedman 2008). As the object of design research, the
artifact, continuously changes its shape, design can be understood as generative,
illustrative, integrative, context-sensitive, and anticipative.With the researcher being
involved in the design process to some extent, it has been proposed that
science-related design shall rely on data-based or interpretational theoretical concepts
such as grounded theory, action research, and hermeneutics (Reason and Bradbury
2001). The negotiation of theoretical framework in the field of game studies, e.g.,
(Mäyrä 2008), the academic discipline formed since 2001, and in the field of
gameplay experience research, e.g., IJsselsteijn et al. (2007) illustrate perfectly how a
scientific approach draws closely from (and feeds back into, e.g., Nacke et al. 2011)
the practice-based design discipline of game design, as well as from traditional
theories and approaches, while generating its own methodological approaches.

Summarizing the multifaceted theoretical, practical, and methodological char-
acteristics of art and design gives an idea of how versatile game design as prime
example of a “mixed discipline” can be.

2.3 Psychology

Psychology is the science of behavior, and is interpreted to include actual
observable behavior and the mental processes underlying behavior. Many different
approaches have been used by psychologists to study the many different aspects of
behavior. Cognitive psychologists are interested in attention, perception, memory,
recall, and motor control (Kellogg 2003). Operant conditioners understand behavior
as the product of stimuli, responses, and reinforcement (Skinner 1953). Social
psychologists investigate attitudes, norms, self-efficacy or perceived behavioral
control, and behavioral intentions (Glanz et al. 2008). Neuropsychologists study the
brain’s structures and processes that underlie what the other psychologists study at a
self-reported level (Andrews 2001).

Psychology’s relevance to games tends to center around a small number of
issues including human-computer interface (MacKenzie 2013), learning (Tenant
1997), and motivation (Ryan 2012). Human-computer interaction concerns how
people interact with computers (interpreted inclusively) and in turn how to design
interfaces and software to maximize players’ acceptance or satisfaction and effects
or outcomes. Learning concerns behavior change (Tenant 1997). Behavior change
may include using the computer more effectively, better performance on math,
reading, or history tests, or eating healthier, being more physically active, or
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stopping smoking (among many other health or behavior change outcomes). Some
aspect of psychology is likely of interest to anyone who is designing interfaces or
software for human use.

Human computer interface concerns issues of human multitasking, communi-
cation patterns, cognitive, social and emotional needs, differences between talking,
teaching and wearing, differences between laboratory and real world research, and
qualitative and quantitative methods, prototyping, data analysis presentation, and
ethics—among many other issues, including learning and motivation (Rogers et al.
2011). So let’s go directly to learning.

The way in which one thinks about learning determines what one might do to
encourage it. We will consider three different ways of thinking about learning.
Cognitive approaches to learning concern what constitutes information, factors
which influence to what information someone pays attention, what they perceive
when they attend to it, what they remember once perceived, how they can retrieve
information from memory when needed, how they process information to address
issues or solve problems, and how they mobilize the body to respond to thoughts
processed (Kellogg 2003). From this perspective, learning is a very complex set of
cognitive processes. Games could be designed to capitalize on this knowledge and
influence each step in the process resulting in more effective learning. Eye tracking
technology can inform game designers to what aspects of their game players are
attending. What constitutes attractiveness to influence attention will depend on
biological influences and one’s learning history as well as media characteristics.

Operant approaches to learning were a response to introspective methods, and
thereby take a more external approach to understanding behavior, minimizing the
role of thought. Operant theory proposes that organisms are presented with many
and diverse stimuli to which they perform responses (i.e., behaviors). Some
responses are reinforced or rewarded more frequently than others, and thereby
become more likely in response to these stimuli. Reinforcements can be provided
regularly or intermittently, and the different patterns of reinforcement cement dif-
ferent response patterns. From the operant perspective, games can be designed to
influence learning or behaviors by controlling the stimuli and/or the reinforcers. For
example, earning points are commonly used in games and the extent to which they
guide or otherwise influence behavior would be considered reinforcers.

Finally, social psychologists work on the assumption that intentions (sometimes
called plans or goals) are the closest (“most proximal”) influences on behavior.
Intentions, in turn, are influenced by attitudes (i.e., calculations of benefits minus
costs for doing behaviors), norms (i.e., what people believe others are doing or
believe they should be doing), self-efficacy (i.e., the confidence a person has in
being able to perform a behavior under different kinds of circumstances), habit (i.e.,
the extent to which one regularly does a behavior without even thinking about it),
and a diverse variety of other personal, social, and environmental influences (Glanz
et al. 2008). A game designer might try to influence a player’s behavior by pro-
gramming the game to show that everyone of concern is doing the desired behavior
(manipulating the perceived norm).
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A social psychologist won a Nobel Prize for showing that the way in which
people process this information is biased, or nonlinear (Kahneman 2003), which led
to the development of behavioral economics. Behavioral economics has become
popular for proposing “nudges”, small ways to influence behavior in large ways.
For example, since game players often use the default choice, when presenting
choices to players make the default choice the desired behavior (Thaler and
Sunstein 2008).

Theories of motivation also have cognitive, operant, and social psychological
versions. Operant versions tend to explain behavior as meeting some biological
need, e.g., eating to satisfy hunger. Abraham Maslow created a hierarchy of needs
where people first need to satisfy basic needs, e.g., hunger. However, as these
lower-level needs are satisfied, they want to satisfy higher level needs, with
self-actualization at the top of the hierarchy (Maslow 1972). The motivation theory
most commonly used currently by game designers is Self Determination Theory
(SDT) (Deci and Ryan 2002). SDT proposes that motivation varies along a con-
tinuum. At one end of the continuum, people are completely externally responsive,
i.e., they perform behaviors to obtain external rewards (similar to the operant idea
of someone else applying a reward). At the other end, people are completely
intrinsically motivated: They perform behavior to meet their own internal notions of
what is good or desirable (similar to Maslow’s self-actualization). Between
extrinsically and intrinsically motivated are steps along the continuum, each
reflecting different combinations and forms of other- and self-control. SDT pro-
posed that intrinsically-motivated behavior is most desirable, and likely to be the
most stable. To encourage intrinsically-motivated behavior, a game should enable
the player to meet three basic needs: autonomy (i.e., behavior as personal choice),
competence (i.e., being able to do the behavior well, similar to self-efficacy), and
relatedness (i.e., fulfilling social relationships).

An example of competence motivation in games is the idea of flow
(Csikszentmihályi 1990). A game needs to present challenges to a player that are
commensurate with their abilities, and as a player learns more about playing a
game, their abilities increase, and they want more challenge. If a game is too easy,
the player gets bored and stops playing. If too hard, the player gets frustrated and
also stops playing. If the challenges increase commensurate with the player’s
ability, she enters a state of flow, which has several distinguishable characteristics,
including they will continue playing your game.

A number of game designers have addressed the importance of a game being
engaging, enjoyable, or fun (Koster 2005). Fun would be an important indication or
component of intrinsic motivation. Research has used cognitive, psychological, and
embodiment approaches to understanding fun (Mellecker et al. 2013), but this is not
yet clearly understood. Flow may contribute to fun.

Psychology has much to offer game designers in terms of anticipating the
experience of players, and designing the game to maximize the intended experience.
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2.4 Didactics and Pedagogy

Conceptually, many researchers argue that playing computer games provides
learners with a mental workout (Robertson and Howells 2008), i.e., that the
structure of activities within computer games can develop cognitive skills due to
the fact that end users are faced with decision making. Consequently they must plan
problem solving strategies in advance, which involve the monitoring of a series of
tasks and subtasks—also known as Judgement-Behaviour-Feedback loops (Garris
et al. 2002). Therefore, the type of learning and cognitive development can be
intended and/or unintended. Serious games have characterizing goals that can be
considered primary goals, the intended effects of the game, secondary outcomes,
e.g., facilitating meta-skills such as problem solving or logical thinking, and tertiary
effects, which are effects that are not intended, not foreseeable, and perhaps
unknown. An example would be the effects through the competition by playing
games (e.g., by comparing scores in peer groups). Some of the main educational
strengths of games are seen in the intrinsic motivation to play and to proceed in the
game, a given set of clear goals and rules which offers a scaffolding for learning, a
rich and appealing and above all meaningful learning context, and an engaging
storyline with random elements of surprise (Prensky 2001). Further key aspects for
learning are immediate feedback and the high level of interactivity, challenge, and
competition (Kickmeier-Rust and Albert 2010).

All these characteristics of games are in line with almost all pedagogical theories
or instructional design approaches. A prominent model of pedagogical and didactic
strategies is Merrill’s model for successful learning (Merrill 2002). Foundations of
this model include motivation and incidental learning (Cordova and Lepper 1996).
In literature, it is pointed out that memorable educational experiences not only have
to be enriching but also enjoyable (Shneiderman 1998; van Reekum et al. 2004).
David Merrill identified the first principles of instruction on the basis of previous
research and existing models (Merrill 2002). The term “first principles” equals
Reigeluth’s (1999) term “basic methods.” These principles are primarily based on
the idea of problem-based learning, which is considered to be a very effective
approach to learning. The principles are: (a) Relying on real-world problems,
(b) activation of prior knowledge, (c) new knowledge must be demonstrated to the
learner, (d) learners shall apply the new knowledge, and (e) the new knowledge
must be integrated into the “the learner’s world.” Fundamental concepts are also the
application or transfer, referring to the fact that new knowledge must be applied to
relevant problems. Practice therefore must be consistent with the learning goal
(Gagne 1985). During the application phase, errors are a natural outcome. Learning
is facilitated when learners are provided with possibilities to recognize errors and
how to correct them. Also, integrating new knowledge into existing knowledge is a
fundamental premise of successful and durable learning. “Knowledge is soon for-
gotten if it is not made a part of the learner’s life beyond instruction” (Merrill
2002). These first principles are a good summary of the general view of learning, no
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matter if we are talking about cognitive, constructivist, or behavioral learning
theories.

An excellent pedagogical framework specifically for planning and designing
serious games mechanics is the Eight Learning Events Model (8LEM). This
approach emphasizes that learning events are based on eight basic components.
According to Leclerqce and Poumay (2005), any number of training strategies can
be deduced from—or any didactic strategy can be traced to—these basic compo-
nents. An advantage of the 8LEM approach is that unlike methods and strategies,
learning events can refer to intentional learning as well as incidental learning. The
eight learning events are1:

• Imitation $ Modeling: Describes incidental or intentional learning through
observation and subsequent imitation. The role of a tutor or teacher is to serve as
a (role) model.

• Reception $ Transmission: Describes learning as receiving information or
advice. The tutor’s role is transmitting information or advice.

• Exercising $ Guidance: Describes “proceduralizing” and automating skills.
The tutor’s role is to give learners guidance and corrective feedback.

• Exploration $ Documentation: Describes learning by a free investigation of
information with a certain degree of freedom. The tutor’s role is to provide
guidance, sources, or access.

• Experimentation $ Reactivity: Describes learning through manipulating envi-
ronments and observing effects. The tutor’s role is to provide an “experi-
mentable” and manipulable environment, i.e., providing reactivity.

• Creation $ Confrontation: Describes learning by creating new content or
objects (e.g., texts, music, objects). Creation also includes a reincorporation of
known content. The tutor’s role is to foster the creation process and/or confront
learners with tasks of creation.

• Self-reflection $ Co-reflection: Describes learning by reflecting on one’s own
knowledge and skills, and even the learning processes itself. The tutor’s role is
to give guidance to a learner and help in reflection processes.

• Debate $ Animation: Describes learning by social interactions such as debates,
arguments, and idea exchanges. The tutor’s role is to “animate” and incite
debates and discussions.

The advantages of this model are that it is observable; its components can be
identified quantitatively and qualitatively. Moreover, the model is not deterministic;
in specific situations, more than one learning event can be present. For example,
watching TV might include imitation of viewed activities combined with perceiving
information, or from the tutor’s perspective modeling and transmission. The 8LEM
allows describing existing learning or teaching strategies or programs. Moreover,
from a prescriptive perspective, the model allows one to plan and track learning

1The term before the “$” indicates the activity or action of the learner, while the term after the
“$” refers to the role of the teacher or the mechanism in the game.
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and/or teaching activities. On this basis, 8LEM allows to assure a diversification of
learning or teaching methods. Diversification of methods is a well-established
pedagogical principle, and provides learners with a broader range of learning and
teaching methods during the learning progress—instead of continuously use the
same strategy (e.g., transmission). This approach is desirable from both individual
skill development and motivation. It is in the learner’s intrinsic interest to gain
exposure to a broad range of learning modes. The learners’ “learning polyvalence”
can be answered by the teacher’s pedagogical polyvalence as they orchestrate
diverse experiences. The framework of 8LEM allows to plan learning and teaching
on a very detailed basis. Furthermore, from a descriptive perspective, it allows
designers to ensure a diversification of methods in order to empower learning and
retain motivation.

When contrasting digital computer games and pedagogical principles, one can
find a great and convincing match between the two worlds. However, computer
games have clear weaknesses such as difficulties in providing an appropriate bal-
ance between playing and learning activities or between challenge and ability, in
aligning the game with national curricula and in affording extensive costs of
developing high quality games. Also, the lack of sound instructional models—
based on pedagogical standards and didactical methods—is seen as common
weaknesses of most educational games, and leads to a separation of learning from
playing. When designing serious games, it is also important to consider gender
differences and gender fairness, aspects of unwanted competition, social isolation,
and perhaps the addictive potential of games.

In projects such as ELEKTRA and 80Days, approaches and frameworks have
been developed to maximize the pedagogical utility and to minimize potential
harmful effects. ELEKTRA (Enhanced Learning Experience and Knowledge
TRAnsfer) made significant contributions to advancing the state-of-the-art of
immersive serious games in terms of educational game design, integration of
pedagogical models and taxonomies, and the possibility of personalization by the
use of adaptive technology. The successor project 80Days is grounded in the
framework of Self-Regulated Personalized Learning SRPL (Wouters et al. 2007),
which propagates the importance of Self Regulated Learning (SRL) through
meaningful choice and exploration, reflection, and self-personalization in the
learning process. Self-regulation can include an interactive process involving both
cognitive self-regulation and motivational self-regulation (Caprara et al. 2008;
Entwistle and McCune 2004); where cognitive self-regulation can be taught, and
students who use these self-regulatory skills obtain better grades in the content
domain to which these skills apply (Boekaerts 1997). However, it is argued that
self-regulated learning can be domain-specific or domain-transcending, and that
competent performers in a specific domain rely on different types of previous
knowledge related to that domain. Consequently, addressing the previous knowl-
edge is always an important issue (Holzinger et al. 2008). This contributes towards
the creation and sustainability of intrinsic motivation, which is a key factor of
effective game-based learning.
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From the psycho-pedagogical perspective, a framework for a computational
handling of learning and competence development is the Competence-based
Knowledge Space Theory (CbKST). This approach comes from the research field of
intelligent tutorial systems and allows equipping serious computer games with
some kind of “educational intelligence.” CbKST was originally established by
Doignon and Falmagne (1999). It is a well elaborated set-theoretic framework for
addressing the relations among problems (e.g., test items). It provides a basis for
structuring a domain of knowledge and for representing the knowledge based on
prerequisite relations. While the original idea considered performance (e.g., solving
a test item) only, extensions of the approach introduced a separation of observable
performance and latent, unobservable competencies which determine the perfor-
mance (Albert and Lukas 1999).

CbKST assumes a finite set of more or less atomic competencies (in the sense of
some well-defined, small scale descriptions of some sort of aptitude, ability,
knowledge, or skill) and a prerequisite relation between those competencies.
A prerequisite relation states that competency a (e.g., to multiply two positive
integers) is a prerequisite to acquire another competency b (e.g., to divide two
positive integers). If a person has competency b, we can assume that the person also
has competency a. To account for the fact that more than one set of competencies
can be a prerequisite for another competency (e.g., competency a or b are a pre-
requisite for acquiring competency c), prerequisite functions have been introduced,
relying on and/or-type relations. A person’s competence state is described by a
subset of competencies. Due to the prerequisite relations between the competencies,
not all subsets are admissible competence states. By utilizing interpretation and
representation functions, the latent competencies are mapped to a set of tasks (or
test items) covering a given domain. By this means, mastering a task correctly is
linked to a set of necessary competencies, and not mastering a task is linked to a set
of lacking competencies. This assignment induces a performance structure, which is
the collection of all possible performance states. Recent versions of the conceptual
framework are based on a probabilistic mapping of competencies and performance
indicators, accounting for making lucky guesses or careless errors. This means that
mastering a task correctly provides the evidence for certain competencies and
competence states with a certain probability. For in-game assessment and smart
adaptions, the concept of micro adaptivity has been developed on this foundation
(Kickmeier-Rust and Albert 2010).

It is important to highlight that not only a psycho-pedagogical concept under-
lying the game design is a prerequisite for the success of a serious games, but also
that evaluation of pedagogical effects is equally important. It is a dual challenge to
evaluate both the fun and serious aspects of games. Measuring the success of
educational technology, and particularly of games, is a complex issue. Much of the
literature in the field of educational technology revealed that inconsistent and, at
best, non-significant differences were found between technology-based and tradi-
tional delivery media, e.g., (Russell 1999). Based on the results of previous research
and guidelines for measuring the “success” of technology-based learning materials
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and environments, two key aspects can be summarized: Criterion-based designs
and, for specific cases, comparison-based designs. Criterion-based designs utilize
a-priori specified criteria to measure educational effectiveness, e.g., whether stu-
dents learn what they were supposed to learn. Comparison-based designs can
potentially be applied to evaluating and validating adaptive sequencing of learning
material: Adaptive story generation and non-invasive assessment and interventions.

Psycho-pedagogical frameworks offer scaffolding for serious game design.
However, up to date, didactic aspects have sparsely influenced the broad field of
serious games. As described, when matching didactic guidelines with game
mechanics a game-pedagogy can and must be established as a basis for effective
and successful applied games. Insofar, psycho-pedagogical and didactic frame-
works are the starting point for making games more than just another educational
medium.

2.5 Stories and Storytelling

A story is a narration of events that are somehow connected. Stories can be pre-
sented in written words. Thus, stories are part of literature and have been analyzed
in literature research. But stories can also be presented as drama, e.g., performed by
actors on a stage. The word drama stems from a Greek work meaning action. In a
sense, a digital game can also present stories where the virtual world is the stage
and virtual characters function as actors. In addition, the player is part of the action.

Stories can play a vital role in the success of digital games. One famous example
is the ego-shooter Doom that served as a basis for the computer game Half-Life.
While Half-Life used the same game mechanics, in contrast to Doom it narrated a
story. Some people attribute the higher success of Half-Life to this fact. In principle,
game designers are often interested in experiences or even scientific findings in the
area of stories. Narratology is the name of a research area that analyses stories with
scientific methods. For instance, in narratology researchers have identified a three
act pattern that structures many stories: setup, conflict and resolution. Even in the
twentieth century, it was assumed that all human narratives have some universal
structural elements in common. The new field of post structuralism has argued a
different view.

Stories are also interesting for digital games because they are means for evoking
emotion and facilitating immersion in a game. Stories are often structured in a
suspenseful way and foster emotional engagement. Experiencing a good story can
cause immersion in the imaginary world for the recipient. The research results in the
area of affective computing show the considerable effects of emotional user inter-
faces (Picard 1997). Studies in neuronal sciences point out the importance of
emotional engagement for learning efforts and motivation. For serious games,
emotion and immersion can not only help to achieve the goal to entertain but also to
motivate the user to continue playing and to achieve certain characterizing goals.
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Besides the written form and the form as a play, stories can also be presented
orally. Storytelling has a long cultural tradition. Stories are fundamental to culture
and human understanding. They have familiar structures, which are recognizable
and can easily be understood. In human tradition, stories were a means for infor-
mation transmission and knowledge acquisition, e.g., within families and cultural
communities. Children grew up with fairy tales that were not only interesting and
entertaining, but also aimed at pedagogical objectives such as communicating
values. This is similar to serious games that pursue both the goal to entertain but
also at least one characterizing goal. Springer et al. (2004) identified pedagogical
dimensions of storytelling. According to them, the telling of stories is humanistic
(culturally rich, global in relevance), cross-disciplinary (stories apply to many
subjects, including language arts, history, social studies, and humanities),
cross-cultural (stories cut across cultural and geographic spaces and unite oral,
written, and technological literacies), multi-sensory and multi-modal (the narration
of stories can have not only auditory properties, but also gestures or visuals can be
used), and constructivist (as storytelling is user-centered and tales are created out of
an individual’s knowledge and experience).

One peculiarity of storytelling is that it is more than just reading a text aloud.
Ideally, the listeners are engaged, become part of the story—and may even influ-
ence it. Stories are then no longer linear (i.e., the connected events are presented
always in the same pre-determined sequence) but non-linear. Digital games as an
interactive, non-linear media are particularly suited to realize interactive story-
telling. Since the 1990s, research in digital storytelling and interactive storytelling
examines how a computer can support a storyteller or act as a storyteller.
Methodologies from artificial intelligence have been applied to formalize stories
and generate them automatically. The generation of stories can take the players’
interaction into account and can generate an adapted story in real-time. Story
engines are software systems that support this process. Interactive drama is the
name of a genre for digital games that heavily use artificial intelligence method-
ologies in order to provide an experience that the player feels like an actor in an
interactive stage-play. The game Façade is a prominent example, where the player
can interact with two virtual characters using natural language and according to the
interaction with the characters a story unfolds (see also Chap. 7). Crawford (2004)
gives a good introduction to the field of interactive storytelling from a game
designer’s point of view.

For some researchers, stories have not only a cultural dimension but play also a
very fundamental role in the human mind. According to Shank and Cleary (1995),
stories constitute nothing less than the main building block of intelligence, memory,
creativity, learning, and cognition in general. Shank and Cleary (1995) argues that
we adapt to new situations and solve problems by recurring to already available
stories, rearranging and recombining them in an attempt to cope with new chal-
lenges (known as case-based reasoning). Hence, using storytelling in a serious
game that aims to educate would be an appropriate approach as it respects the way
the mind truly works.
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2.6 Interdisciplinary Collaboration

In the previous sections, a variety of disciplines contributing to a successful
development and implementation of serious games have been introduced. In order to
establish a high-quality serious game, these disciplines have to collaborate in a
fruitful way. In this regard, it is not sufficient to just split up responsibilities and have
every discipline deal with their tasks separately. Experience shows that this additive
multi-disciplinary cooperation will lead to partial results that may not fit together.
For example, computer scientists may develop an adaptation algorithm for an
exergame using the heart rate (HR) as control variable. What they are not aware of is
that the HR shows an individual (and also delayed) reaction to exercises and that a
variety of specific training methods exist for aerobic training. Furthermore, to ensure
sustainable use of the developed game, a variety of social, pedagogical, and psy-
chological factors have to be considered that contribute to exercise adherence.
A much more appropriate way is to closely cooperate with a sport scientist, a
pedagogical expert and a social psychologist to integrate the knowledge of these
disciplines from the beginning, i.e., starting with an interdisciplinary formulation of
the problem to solve. In this sense, interdisciplinary cooperation means that two or
more scientific disciplines work together to reach a common goal or establish a
common product by integrating (rather than merely adding) disciplinary perspec-
tives, knowledge and methods (e.g., Aboelela et al. 2007; Siedlok and Hibbert
2014). Integration can take different grades of intensity, ranging from the transfer of
existing disciplinary knowledge or methods to the creation of new knowledge or
methods. Transdisciplinary cooperation comes into play when various scientific
disciplines cooperate with other (non-scientific) fields like business and government.

Interdisciplinary cooperation as an umbrella term denotes the mode of
cooperation between two or more disciplines. This cooperation can be
characterized by (additive) division of work (i.e., multidisciplinary coopera-
tion) or integration of work (i.e., interdisciplinary cooperation in a strict
sense). Transdisciplinary cooperation means that scientific disciplines and
non-academic partners cooperate.

Interdisciplinary cooperation is an inevitable sine qua non for high-quality
serious games. However, the theory and practice of interdisciplinary cooperation
raises several issues:

• Developing an interdisciplinary conceptual framework based on the heteroge-
neous disciplinary terminology

• Integrating different disciplinary cultures, traditions, and ways of thinking
• Integrating different theoretical frameworks
• Integrating different disciplinary methods for research and development
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Due to the fact that highly-ranked journals show a bias for mono-disciplinary
research, e.g., (Rafols et al. 2012), interdisciplinary projects may not be of equal
importance compared to disciplinary projects. Therefore, the engagement of estab-
lished scientific disciplines in interdisciplinary projects may not be as high as in
disciplinary projects. At least, there may be the tendency to overemphasize the
significance of one’s own discipline that may affect cooperation on an equal footing.

Even if all disciplines share the common goals in a project, the communication
between disciplines may suffer from different meanings of key terms. For example,
in pedagogy, the term experiment has a substantially different meaning than in
psychology or in computer science. The meaning of adaptation in computer science
differs from sport science, and so forth. Therefore, it is important to develop an
interdisciplinary conceptual framework or at least a glossary uncovering the dif-
ferent terminology. Communication is key.

Another major issue is the disciplinary culture and its way of thinking. For
example, an engineer has been socialized into a specific way of problem solving—
which differs substantially from the procedures in the humanities and art, where
describing and analyzing a problem is much more important. Engineers may prefer
methods from natural sciences, whereas art and design may apply aesthetic methods
to evaluate a serious game.

Beyond these rather ambitious theoretical considerations, serious games are
usually developed in projects with certain constraints. To create a successful col-
laboration and subsequent game, a realistic and pragmatic approach is crucial. To
implement such an approach, the following is a list of practical recommendations
which have been reported in relevant literature (Bronstein 2003; Derry et al. 2014;
Siedlok et al. 2015):

• Provide an explicit commitment to realistic common goals and objectives
• Develop mutual respect and understanding
• Build an atmosphere of goodwill, respect, and trust
• Explicitly recognize and accept differences concerning ways of thinking,

concepts, methods, and culture
• Develop a common conceptual basis (“interdisciplinary translation from disci-

plinary languages”)
• Assign responsibilities in a clear and consensual manner
• Offer organizational support for interdisciplinary work, e.g., thematic workshops

and seminars, discussion groups, sandpits and common publications
• Commit to consistent, ongoing communication (including informal “socializing”

events).

Finally, it is important to point out that interdisciplinary cooperation is estab-
lished between individuals rather than scientific disciplines. These individuals need
to be aware of the potential problems of interdisciplinary teamwork, and be com-
mitted to actively work on their interdisciplinary collaboration skills.
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2.7 Summary and Questions

Interdisciplinary, or even transdisciplinary, work is one characteristic for serious
game development. The required interdependent collaboration is not easy to
achieve—a lack of understanding and appreciation of disciplines outside of one’s
field, along with different terminology, diverse ways of thinking, and cultural dif-
ferences can give rise to a variety of communication problems. A basis for common
ground in an interdisciplinary team is both a shared vision and a clear sense of goals
that the team is working toward. An atmosphere of openness and a cooperative
framework for dealing with disagreement are contributing factors in finding com-
mon ground. Team members must also assume shared leadership responsibilities.
Last but not least, empathy, awareness of differences, and a basic intellectual and
emotional understanding of what it is like for team members from other disciplines
to do their job is a necessity for successful cooperation. Therefore, serious game
developers should know some basics of computer science (i.e., for realizing a
digital game), art and design (i.e., for the user experience and gameplay), psy-
chology (i.e., to increase player motivation and attention), didactics (i.e., for fos-
tering learning processes that are often implied in achieving the characterizing
goal), and storytelling and drama (i.e., for gameplay and players’ emotional
involvement). In addition, knowledge from other disciplines (such as health care,
marketing, or sports) may be required depending of the application area of the
serious game to be built.

Check your understanding of this chapter by answering the following questions:

• Characterize the subjects, objectives, basic concepts, methods, subdisciplines
and relevant approaches of (a) computer science, (b) art and design, (c) psy-
chology, (d) didactics and pedagogy, (e) digital storytelling.

• Find terms that are used with different meanings in different disciplines. Provide
definitions for these terms that are understandable for persons with no back-
ground in the according discipline.

• Persons working on 3D models and 3D characters for digital games are often
called artists. Would it be more precise to call them designers?

• What are cultural differences between computer science and psychology? What
conflicts and problems could result from these differences in a serious game
project?

• Imagine you start to work on a serious game in the field of oceanography. What
sources could you use to acquire basic knowledge to collaborate with
oceanographers (provided you are not an oceanographer yourself)? To what
extent is it necessary to learn about oceanography?

• Imagine you have a serious game project about astronomy, and hire an
astronomer who has never worked on a game before. To what extent would you
consider it necessary for the astronomer to know about serious game develop-
ment? How can you support the astronomer in acquiring this knowledge?
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• Imagine you have the task of assembling and coordinating an interdisciplinary
team for a serious game project. The team members do not know each other and
have not worked in interdisciplinary projects before. What concrete measures
would you take with regard to interdisciplinarity and transdisciplinarity?
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3Design of Serious Games

Philip Mildner and Florian ‘Floyd’ Mueller

Abstract
This chapter covers the topic of creating the design of a serious game. It first
presents background information on games in general, and how they create
engagement in particular—essential for serious games. The actual design process
is similar to designing entertainment games; however, it differs when it comes to
integrating the serious content itself. This chapter emphasizes these differences.
It also presents solution strategies for how to create serious games. Beginning
with an initial game idea, the steps of defining constraints for the game and
adding suitable game mechanics are described. Finally, ideas are presented for
how to organize the development process in a holistic approach, with a tight
coupling of both the gaming and serious aspects.

3.1 How to Design a Serious Game

There are two main reasons to create a serious game for an application area. First,
games in general create motivation, e.g., to get in-game awards, to beat the high
score, or to be the best player in a multiplayer online game. Millions of players
prove this fact every day. Serious game developers use these motivational aspects
for other purposes than mere fun and entertainment. This does not mean that serious
games should not be fun: on the contrary. Game designers, programmers, artists,
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and domain experts have to work together throughout the entire development
process to create an enticing game.

Moreover, in many cases, developers of serious games have to cope with limited
budgets; the details are discussed in Chap. 11. This may result in a sub-optimal
balance of the fun parts and the serious parts of the game, e.g., when there are no
resources for hiring professional game designers or artists. Figure 3.1 gives an
overview of all the involved parties that should work together in the development of
serious games. This is very similar to entertainment games, the only difference
being that in serious games domain experts are included for the serious part. In
addition to these domain experts, game designers play a central role in the creation
process. They are the ones who combine characterizing goals and entertainment
parts. While details can still be changed during the development process, the big
decisions—e.g., game genre, main story and game world—have to be set in the first
phase. It is often the game designer’s task to both create the design and to ensure
the entire team works on it throughout the development phase.

When comparing the game design process of pure entertainment games with
serious games, there are two main differences. First, as mentioned above, there is an
additional party involved in the process, namely the domain expert(s). They are the
ones that bring knowledge about the serious content into the design process. For
example, when developing a learning game for schools, teachers take the role of the
domain experts since they know what content should be included in the game, and
how it should be didactically delivered to the students. Game designers have to
cooperate with domain experts to create a meaningful game. Second, a serious
game always has some goal or message in addition to the fun part. In the example
above, it would be the goal of delivering the learning content to the students. It is
the task of serious game designers to carefully connect both parts, so the resulting
game is both enjoyable and meaningful.

In the remainder of this chapter, we will discuss the design process of serious
games. The chapter provides a general overview, raises questions, and points out
possible strategies by referring the reader to in-depth articles and books.

Fig. 3.1 Involved parties in the development of serious games. Domain experts and users can be
included into the process to different degrees, as described in Sect. 3.7
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3.2 Game Characteristics

Playing a good game is fun. Prensky (2007) even calls digital games “potentially
the most engaging pastime in the history of mankind.” However, what exactly is it
that generates fun in a game? Prensky separates fun into two components: enjoy-
ment and amusement. Enjoyment means being engaged into something, while
amusement denotes pure leisure. These two components are both used by oppo-
nents and proponents of serious games: Opponents only see the latter, thinking that
such applications only pose a distraction without using the motivational aspects that
result from the enjoyment felt. As games are closely related to pure amusement,
there is also the belief that they cannot be used for something meaningful at all. If
considering the enjoyment part, however, games go very well together with a
serious purpose, e.g., learning. After all, children learn many things by just playing.
Bisson and Luckner (1996) also note that fun is an important part when learning
because it provides a relaxed atmosphere where learners are willing to learn. Salen
and Zimmerman (2004) describe pleasure as “the experience most intrinsic to
games.” So while there are strong indicators that fun can indeed help promote the
characterizing goal of a serious game, as discussed in Sect. 3.1, what exactly makes
a game engaging and fun to play?

All games build on a common set of basic characteristics that distinguish them
from play (Charsky 2010). As already mentioned in the introduction, play is a free
activity that does not follow specific rules, and it is isolated from the real world by a
Magic Circle (Huizinga 1955; Caillois and Barash 1961). Players do not have to
follow rules and can use their imagination to freely play. A game, on the other
hand, is a structured activity that follows certain rules and has a beginning and an
end. Players have to use these rules to work towards a goal.

This basic model does not say anything about how a goal and rules could look to
create engagement and enjoyment. Many models have been presented in the lit-
erature that examine game elements on a more detailed level regarding the fun they
create:

• Caillois and Barash (1961) created a list of four elements: Agôn (competition),
Alea (chance), Mimicry (role play), and Ilinx (vertigo).

• Apter (1991) created the following list: exposure to arousing stimulation, fiction
and narrative, challenge, exploration, negativism (i.e., working against rules),
cognitive synergy (i.e., inventive thinking), and facing danger.

• Hunicke et al. (2004) list eight elements of how games create fun: sensation,
fantasy, narrative, challenge, fellowship, discovery, expression, and submission.

• Prensky (2007) lists twelve elements: fun, play, rules, goals, interactivity, outcome
and feedback, adaptivity, win states, conflict/competition/challenge/opposition,
problem solving, interaction, and representation and story.
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• Adams (2010) lists the following elements: gameplay, aesthetics, harmony,
storytelling, risks and rewards, novelty, learning, creative and expressive play,
immersion, and socializing.

• Fullerton (2014) defines the dramatic elements of a game as follows: play,
challenge, premise, character, and story.

From this multitude of characteristics, a set of common denominators can be
derived which will be presented in the following.

Play itself can be fun within a game. While games are a subset of the concept of
play restricted by rules, playing without rules can or should also be a part of a game.
Csikszentmihalyi (1991) therefore defined the term autotelic, a combination of auto
(self) and telos (goal). Thus, players should be allowed to freely explore the game
world and to experiment without fearing consequences. It does not matter if these
actions arise out of pure curiosity and are just done because they can be done. To
implement this characteristic, many games provide a sandbox mode where goals
and some rules from the main game mode are disabled.

Although rules seem to limit players in their actions, at the same time they
promise bigger satisfaction once the game has ended (Salen and Zimmerman 2004).
By using stricter rules, the level of challenge is increased. In order to keep the
players engaged, this level should not be too low to bore players and not too high to
frustrate players, so that they stay in the Flow channel, introduced in Sect. 3.1
(Csikszentmihalyi 1991). If players are able to solve a challenge that is slightly too
difficult for the perceived skill, they will feel rewarded and continue with the next
challenge—maybe the next level or the next fight—in the game.

Everyone who has read a good book knows that storytelling is a strong
engagement factor, and this is true for games as well. When drawn into a story,
players want to know how it continues. The advantage of games is that players can
influence the story by their actions. Closely linked to the story are its aesthetics.
This includes the artistic style of the game, and especially how it presents itself to
the players. An impressive graphical presentation alone can attract players to play a
game.

Social factors are another characteristic that contributes to create a fun experi-
ence. By socializing, players build a team spirit if they successfully solve a task
together with other players, e.g., a fight in an MMORPG where multiple players
have to defeat a powerful enemy. In a team, players are able to do things that cannot
be done alone. The interaction does not need to be performed with other players,
though. Game characters can also be used when players can identify with them.

Even in pure entertainment games, the characteristic of learning is another
engaging factor. Players feel satisfaction if they discover how to use a new game
element or if they master the game by completing the last level. Some players invest
a large amount of time to understand each and every rule, and they practice to
become faster and better. It seems like a natural connection for serious games to use
this intrinsic motivation to learn something new to achieve their goals.
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Games, serious or just entertaining, are played because they are fun. This can
be explained with different models that share common elements such as play,
rules, storytelling, social factors and learning.

As mentioned above, games motivate players by including a variety of these
elements. If this motivation does not come from an external source, but just from
the game itself, it is called intrinsic motivation. Otherwise, it would be extrinsic
motivation. So, when serious games are used as motivational tools, are they creating
intrinsic or extrinsic motivation? The answer is not straightforward. When used
mainly as a motivational tool, a serious game provides extrinsic motivation to its
players. For example, a learner might not have a high intrinsic motivation to study
for the next exam just by reading books. She might, however, be interested in
playing a game where she competes against other students while learning for the
exam. As soon as the exam is passed, the need for learning is over, and the player
thus might end playing the game. This is extrinsic motivation, because the game is
just regarded as a tool that helps to accomplish a certain goal.

But not all serious games have to follow this approach of “just being a tool.”
Games like Civilization or Age of Empires are good examples. These games deal
with historic events in a playful manner and were successfully used in the class-
room for teaching history (Squire and Barab 2004). In fact, there are people who
state that the most they learned about history was by playing these games. The
primary motivation to play these games, however, was most likely not to learn for
the next history lesson, but just to have fun. Thus, the game can help to foster
intrinsic motivation for the knowledge content because players then want to know
more about a certain topic that was presented in the game.

Serious games can provide an extrinsic motivation to players who do not have
an intrinsic motivation to engage with a topic otherwise.

Even though games can act asmotivational tools, they do not appeal to every player
in the same way. Some players like action games, others prefer real-time strategy
games. Some like to play simple, casual games on their mobile devices while others
invest a lot of money to have the fastest computer to play the most demanding and
modern 3D games. There are as many different opinions about what the best game
should look like as there are players. The age and gender of a player plays a large role
in how highly they rate a game. For example, men prefer to have competition and
spatial puzzles in games, whereas women prefer nurturing and verbal puzzles (Schell
2008). Also, children play different games than teenagers, adults, or the elderly.

In addition to such demographic factors, there are different psychological models
that differentiate between player types. Bartle (1996) published a model consisting of
four types, primarily targeting virtual multiplayer worlds: killer, achiever, socializer,
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and explorer. A finer-grained categorization—again tailored towards MMORPGs—
was presented by Yee (2006), working with the main categories achievement, social,
and immersion. Even though both models were created for players in virtual online
worlds/MMORPGs, they are applicable to other games as well. Fullerton (2014) lists
ten player types for games in general. Thus, when designing a game, it is best to
examine what type of players is most likely to be attracted by it, and whether these
players match the intended target audience of the game.

Different players are attracted to different games based on various factors,
including demographic – such as age and gender – and psychological factors.

Another aspect to keep in mind is that there are not only different types of
players, but also different ways of how players work with the characterizing goal of
a serious game. When looking at the educational sector, there is a multitude of
different teaching and learning techniques. Some learners like to learn in a group,
and others prefer to study on their own in the quiet atmosphere of libraries. While
some learners value the additional possibilities offered by serious games, others
might be satisfied by studying a textbook. This does not imply that either of these
types is worse or better. By increasing the set of different learning tools, however, a
greater number of learners can be reached, and serious games can provide a way to
open up a certain topic for a new group of learners.

3.3 Defining a Game Scenario

The creation of a serious game most likely starts with defining the characterizing
goals. For example, a therapist might have the idea to create a new training appli-
cation for elderly patients and to increase their motivation to exercise; she/he decides
to implement it as a game. Another scenario could be a publishing house deciding to
create a new learning game for a foreign language to accompany its existing learning
materials. In principle, each game—serious or not—starts with this initial idea.

In entertainment games, it is the game designer who comes up with the first idea
for a new game, defining its core idea (Schell 2008). In serious games, there is at
least one predefined constraint: the characterizing goal. Further constraints include
the determination of a specific target group or the setting in which the game will be
played. Looking at our training game, the constraints are that the game should be
used in therapy, and that it should be tailored towards elderly patients. The resulting
problem statement thus might be the following: “How can the training outcome for
elderly patients be improved by including game elements into the training process?”
Even technical elements can be included here. For example, when it is clear that the
game might be used in an environment where only outdated hardware is available,
it does not make sense to design a game with extensive hardware requirements.
Defining such a question is important because at any time during the design process
it can be checked if the project still follows this initial question.
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Defining a clear problem statement helps to keep the design process and the
project focused. In serious games, there is at least one constraint given by the
characterizing goal.

Let us now look at another example, the learning game Word Domination
(Mildner et al. 2014). This game was created in an academic setting without an
external stakeholder. The main idea of the game arose out of two research
questions:

• When creating a learning game, how close can it be to well-known entertain-
ment games without sacrificing the explicit learning characteristic?

• How can the reusability of learning games be increased by offering an authoring
interface that does not require any knowledge about programming or game design?

From these questions, several constraints emerge: The game should be based on
a game principle often found in pure entertainment games, the characterizing goal
should be learning, the game should allow for teacher-defined content, and entering
this content should not require any changes to the core game logic. During the
design process, the following decisions where based on these questions: One of the
most popular game genres was used as the underlying game mode, namely a
multiplayer first-person shooter. It was combined with a quiz game because this
form of learning content can be used in a generic way and does not require any
changes in the game, once implemented. Players have the goal of conquering
platforms on a virtual map by stepping on them with their avatars. To hinder players
of the opposing team from conquering a platform, a player can hit them by throwing
balls at them. If they are hit, players are frozen in a glass bubble and have to answer
a quiz question before they can continue conquering platforms. New quiz questions
can easily be entered by the teacher on a web page, so no programming skills are
required. In the end, all constraints were met with this game design, and the game is
now available for anybody to use (Mildner 2014).

Most serious games are designed with a specific target group in mind. Whenever
possible, the game should be crafted for the special needs and preferences of these
users in order to be effective. Looking at the examples above, it would be the
elderly patients for the training game. For the learning game there was no primary
target audience defined, the game can be played by anyone. As discussed in
Sect. 3.2, there are many different types of players and learners. Creating a game
that fits all types of players is near to impossible because interests may not only be
manifold but even conflicting. Instead, it makes sense to clearly decide on the
intended target audience. If the designer has several audiences in mind it is
important to concentrate on common denominators or non-conflicting features
(Adams 2010). For example, when designing a game for children and their parents,
it is a bad idea to include violence in the game because parents will reject this
feature (and thus the entire game). Another trap independent game designers might
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face is to create a game for themselves instead of the target audience. When male
game designers create a game, they might include only the features that they like
best, making the game appeal only to males, even though the target audience might
have included women as well. Thus, it is a crucial part of the design process to get
in touch with the target audience, perform interviews, and regularly test the game
ideas with representatives of the group (Christel et al. 2015).

When determining the target audience and investigating game elements
attractive for this audience, game designers should keep in mind that they do
not design the game for themselves – but for the players.

From the very beginning of the game design process, the different parties should
work together. Especially, game designers and experts for the characterizing goal
should cooperate closely when defining the problem statement and the target
audience. This is a crucial step towards a successful game. It helps to interview
experts and, in return, present and discuss early design drafts.

Once the key game aspects are set, the development team should be assembled.
Obviously the team will not only play an important role during the entire development
phase, but it can also influence the game design. For example, when there is a visual
artist with a specific art style, the game could be designed around it. On the other hand,
if the budget is small, and there are no dedicated artists available—a situation aca-
demic projects often face—this fact should be considered as well. As a consequence,
the game might only use a simple graphics style, or reuse existing materials.

Constant collaboration with the stakeholders (experts, developers, target
audience) from the beginning of the design phase helps to keep design efforts
on track.

An aspect of the game scenario can also be the intended play environment, i.e.,
the settings in which a game is played. Different aspects should be considered here:

• Supervision: Should the game be accompanied by an instructor (e.g., in a school
environment or in therapy)?

• Environment: Should the game be played during leisure time or in a controlled
environment?

• Re-playability: Is the game intended to be played just once, or should the game
be repeatable (as a training application)?

• Timeframe: How much time should be available for playing the game?

Looking again at our training game, the following statement could thus be added
to the design document: “The game is intended to be played by elderly patients at
home for 30 min each day over a period of several weeks.” If the game was
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designed with a story that only lasted for a couple of hours, players would have to
play the story again and again, so they would probably get bored soon. A ses-
sion-based game with an ongoing story where parameters are changed for every
new session (level, difficulty) would a better alternative for this scenario.

As some serious games are created with a specific research question in mind, for
example in gamification, as explained in Sect. 3.1, the evaluation of the game is
another important factor. For example, when evaluating long-term effects, the game
should feature mechanics that keep players motivated over a long period of time.
A question game designers also have to keep in mind is whether adapting a game to
the players is desirable and feasible.

3.4 Experimental Game Design

As designing serious games is a creative process, it can be valuable to draw from
the processes used by other creative practitioners. For example, designers can not
only tap into practices used in the design of “regular” games (both digital and
non-digital), but also from the design of interactive systems, industrial designs, or
even architecture.

As it is a creative process, there is no fixed formal structure that guarantees
success. However, over the years, techniques and strategies have emerged that
support the creative process. Some of the strategies designers can employ are:

• Examine (and play) other serious games for inspiration and guidance. The
serious games under investigation do not need to have the same characterizing
goals. Being familiar with a broad spectrum of games can provide inspiration.
For example, when designing a serious game for mental health, designers could
be inspired by serious games for physical health.

• Examine (and play) other games, including digital and traditional games, such
as board games and outdoor games. Investigating these games can lead to a
rekindling of game enjoyment that could inspire new game ideas.

• Examine traditional interventions in the corresponding “serious” field, for
example, games for mental health might look into mental health interventions
such as regular meditation classes for inspiration. Although these interventions
do not draw on “play” as a motivating factor, they often employ established
theories that are deeply embedded in the structure of the intervention. As these
theories have been used by other designers when they created the intervention, it
could be useful for designers of serious games to learn from them: the creative
process of turning an abstract theory into a practical intervention or into a game
shares many similarities.

In addition to learning from previous approaches, there are also other ways to
support the creative game design process. A popular approach is the use of Game
Jams. Game Jams are fast-paced group activities in which small teams, typically
three to five people, develop a game from concept to realization in a very short time,
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such as 48 h (Goddard et al. 2014; Preston 2014). The teams are usually given a
broad theme to start off with and then compete for a price of the best game at the
end of the event. The time constraint, and consequently lack of sleep, often creates
an intense atmosphere that celebrates the creative process with all its ups and
downs. Serious game designers have adopted this format of game creation for their
purposes. For example, the SwimGames initiative uses game jams to create
physical games to address the sedentary lifestyle of young people in the Nether-
lands (Deen et al. 2014). The advantage of Game Jams is that many games will be
created in a very short time frame, usually one per team. These games are at least at
a prototype stage, so they could be deployed to the target group and played by them
to get feedback. However, game jams are not a sustainable model to produce
high-quality serious games.

Using game jams for creating serious games comes with the challenge of how to
introduce the “serious” component to the participating teams. Research workshops
on this topic (Deen and Tieben 2012; Chatham et al. 2013) have begun examining
this issue, as the requirements of a “serious” component can conflict with the
traditional format of a game jam. The aforementioned introduction of a topic can
inspire the participating teams, however, it might not provide enough guidance to
fulfill the demands of the “serious” requirements.

Furthermore, academics have begun reporting on the design process of serious
games (Isbister et al. 2010; Malone 1980; Rabin 2009). For example, Khaled and
Ingram (2012) have reported that critical factors in serious game projects are project
organization, technology, domain knowledge, user research, and game design.

Our recommendation to support the creative serious game design process is to
make sure that the holistic approach to serious games is taken into account. This
includes the full range of the process, including the ideation phase. It is advised not
to fall into the trap of coming up with an idea for an entertainment game, and then
sit back and think one can fit in the “serious” component in hindsight. The same
applies to the opposite direction: a holistic approach also rejects the idea that
designers can take a traditional intervention and fit a game on top. The design of a
serious game needs to be an integrated approach, and the best way to achieve this is
by taking a holistic approach from the start.

The design process for serious games has to be treated in a holistic way from the
beginning: Neither should the game be a mere add-on to the serious content, nor
should the serious content be added to an unaltered entertainment game.

3.4.1 Practical Advice

We now present practical tips from our design practice that we believe have sup-
ported the creative game design process, hoping that this might also help others in
their practice.
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• During the first stages of the ideation process, have tangible ideation tools ready
at hand to inspire you. This can include not only pen and paper and other
stationery, but also game figurines, play objects, etc. To complement these
traditional design tools, we find it useful for serious game design sessions to also
introduce underlying theories that might be considered in some tangible form or
another. For example, a theory could be printed on a large sheet of paper, or its
building blocks could be represented through Lego bricks that have labels
attached to them. Such tangible objects support the participants to “play” with
the building blocks that later form the serious game.

• Consider using technology inspiration. As most serious games utilize technol-
ogy to make content more engaging, it could be useful to use the technology
itself as inspiration. In order to facilitate this, engagement with the technology
itself is needed as part of the creative process. This can involve introducing
participants to novel technology, such as a new interface, explaining them how
it works, and letting them playfully experience its capability and limitations.

• Ensure that domain experts take part in all stages of the design process to ensure
that entertainment and serious content gets equal consideration. This can be
challenging, as domain experts often have a different availability, schedules, and
experiences with such processes—and possibly divergent expectations about
how the process should work. However, even though this can require extra effort,
the win in terms of a better game is worth it. Furthermore, working with domain
experts throughout the process also advances a sense of connectedness and
appreciation for each other, which contributes to the sense of having achieved the
goal together. And if people believe in having achieved a goal together, they are
more likely to invest in future activities, such as distributing the game among
their contact circles, or even igniting further serious game developments.

• Consider strategies to gather a large number of ideas. We found that having
more ideas to choose from is advantageous, and therefore recommend consid-
ering ways to facilitate the creation of many ideas, even though they might not
be feasible, on-topic, relevant, etc. This follows the original brainstorming idea
that more ideas are better, even if they are outlandish and will not be used. We
agree with this idea that more ideas are better; after all, you can always throw
ideas away. Similar to the brainstorming rule that no idea should be initially
criticized, we suggest to develop an environment where a breadth of ideas is
encouraged. Research on the value of multiple ideas shares our sentiment: it has
been shown that having multiple ideas results in better outcomes than refining a
single one during the same timespan (Dow et al. 2010).

3.5 Bringing Together Serious Content and Gaming

One of the key aspects when creating a serious game—maybe even the most
important one—is the integration of the characterizing goal with the game content.
Prensky (2007) calls this the “art” in the creation process. Without a successful
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integration, the game will either be just an entertainment game or a (technology-
enhanced) learning application. If done wrong, the resulting application will either
not be fun to play, or will not help to promote the actual serious goal. For every new
game, designers have to decide which path to follow.

A fundamental decision is whether the characterizing goal and game should be
linked statically or dynamically. The former is the more common approach: Serious
content and the game are designed and developed together from the beginning to
the end of the product lifecycle.

A game to learn the Italian language can be used as an example. The game could
tell a story about going to Rome and experiencing a series of events where players
get to know Italian. The game would be accompanied by a matching story, artwork,
soundtrack, and of course learning content. What, however, if the publisher sud-
denly decided to create a similar game that teaches Japanese? The entire process
would have to start again from the beginning by creating a new story, different
artwork, and so on. The changes do not have to be that big to run into problems,
though. There might also be a situation where a teacher decides to use the learning
game in an Italian class, but the learning content does not match her requirements
well. If the learning content is statically linked, there is no way to easily change it.

The alternative is the dynamic integration of the serious content. The idea here is
to provide a game where the serious content can be changed after the game has been
created. The game then just consists of a set of predefined building blocks that can
be filled with content later. Coming back to our example, the teacher might have to
provide a set of pictures, a song and a list of vocabulary items and grammar
exercises out of which the framework then creates a custom game. With statically
linked games, there is a higher degree of freedom during the design process, and the
game can have a deeper integration of serious content and game content.
Dynamically linked games, on the other hand, allow for reusable game elements.

When integrating serious content into the game, designers have to decide if
the content should be linked statically or dynamically and how deeply both
components should be integrated (intrinsic vs. extrinsic).

The decision to use a static or dynamic integration should not be confused with the
integration of the serious content into the actual gameplay. Malone (1981) differen-
tiates between intrinsic and extrinsic learning games (see Fig. 3.2). Intrinsic games

Fig. 3.2 Different integration strategies
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provide a tight integration in a way that the gameplay is the characterizing goal itself.
A popular example here is a flight simulator that is used for training pilots. Another
intrinsic game is a multiplayer role-playing game that is used to train teamwork. In
extrinsic games, there is only a loose connection or none at all. If, in the flight
simulator, players had to answer questions about biology every 30 s, this would be a
completely extrinsic game for teaching biology. It would not be a good game after all
because the serious content is just used as a “blocker” for the main game to proceed,
and players might see it as a punishment. A better alternative could be to use a
“jump’n’run” game that takes place in a specific biological setting (e.g., the human
body), where players have to answer related questions to defeat an enemy. The serious
content and the game scenario get connected with this setting, but the actual handling
of the serious content is still not the main component of the gameplay.

As described in Sect. 3.2, games are mainly played because they are fun. For
many players it is just a leisure activity, not connected to studying or being con-
fronted with serious content. Still, there are entertainment games that can be seen as
serious games. Angry Birds, for example, teaches basic principles about physics and
ballistics. Dance Dance Revolution promotes exercising, and it is actually used
successfully as an exergame (Blumberg et al. 2013). Yet if asked, most players will
probably not say that they just played a serious game. Although these games may not
have been designed to be a serious game in the first place, they show how well
serious content can be “hidden”within a fun game. In educational or learning games,
this concept is sometimes called “stealth learning” (Breuer and Bente 2010). It can
be used on purpose by designers of serious games. As with the decisions above, there
is no right or wrong here, but the decision mainly depends on the intended usage
scenario of the game. If a game is developed for classroom use, it might not be
necessary to hide the fact that it is a serious game. On the other hand, if a game is
supposed to incorporate stealth learning, but the integration is not done subtle
enough, or the designers overshoot somehow, the following can happen: As soon as
the players notice that they are supposed to learn something, they instantly boycott
the game because they wanted to play a fun game, not a serious game. A better way
to achieve the desired effect might be just to primarily design the game to be fun to
play. If players really enjoy a game they will not mind if some serious content is
contained in it. The best indication of this effect is if players notice only after playing
the game that they have actually learned something useful. In other situations, users
actively look for a serious game, e.g., to use it as a motivational tool. Then it is not
negative if the game reveals its nature as a serious game. Dr. Kawashima’s Brain
Training published by Nintendo is an example for a specific learning game that is
mostly played in leisure time. Thus, when deciding which of these paths to follow, it
should be clear in what context the game is supposed to be used.

A serious game can either reveal itself as such, or hide the serious charac-
teristic. The latter is called stealth learning. Both forms appeal to different
user groups, and they are applicable in different situations.
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Gameplay in digital games can be separated into slow-paced (e.g., in a
turn-based strategy game) and fast-paced (e.g., in a racing game). Ideally, the way
how the player interacts with the serious content should be reflected in the game-
play. Prensky (2007) differentiates between action games and reflective games. In
action games, players have to react quickly, whereas in reflective games, players are
allowed to think about the next move. This should be taken into account in the type
of serious content. For example, when learning to type on a keyboard, users should
be able to train typing actions without too much active thinking. Consequently, the
game The Typing of the Dead combines this issue with an action game where
players have to defeat approaching zombies by correctly typing words as fast as
possible. In a setting where more thinking is required, such a game would be highly
ineffective because of the built-in conflict: If players think too much they will lose
the game, and if they do not think the game will not fulfill its purpose. To avoid
such a mismatch, it should be clear which pace the serious content requires.

The serious content and the game mechanics should follow a similar pace.
For serious content requiring reflective thinking, a slow-paced game mode
should be used. Fast-paces games should be chosen if fast reaction matters.

3.6 Game Mechanics

Chapter 1 already gave an overview of game mechanics. The combination of all
game mechanics and game rules results in the gameplay that the players experience.
They define what players can do in the game, how they perceive the game world,
and what story they experience. This section gives an overview of common game
mechanics.

Each game takes place in a space. There can be very different forms of such a
space. In the case of a game with a physical equivalent it can just be a soccer
playground or a chess game board. When it comes to virtual games, game designers
have a high degree of freedom of how to create the game space. It can be as simple
as a game board for playing TicTacToe, or it can be a complex 3D game world with
a landscape, characters and objects in it.

A game space can be represented in different forms. Common techniques are to
use a 2D or 3D environment that is rendered to the screen of the player through a
virtual camera. Different perspectives are possible here: Top-down, first-person,
flying camera, and so on. Yet other representations are possible as well: The game
Blindscape (Blindscape 2015) does not use a graphical representation at all, but just
provides acoustic feedback that is triggered by touching the black display of the
player’s mobile device. Apart from simple board-based games, the player is nor-
mally allowed to move in the game space. This can be done by controlling a virtual
avatar or by using a birdseye view with a flying camera. Some games allow the
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player to see and explore the entire space, while others limit the visibility by
employing techniques such as fog of war (Adams 2010).

The decision for a characterizing goal does not imply the type of the game space.
Figure 3.3 shows two completely different games that share the same basic prin-
ciple, namely a quiz game. The first game uses a simple 2D space with no option for
the player to move in it. In contrast, the second game takes place in a virtual 3D
world where players experience the first-person perspective of a moveable avatar to
perform actions in the world. The decision for one or the other game space can
depend on the preference of the target audience (casual or hardcore gamers) or the
intended hardware (mobile devices or desktop PCs).

If not working with an abstract game principle, there are normally characters in
a game, as in the example shown in Fig. 3.3 (right). This includes the player
character (or avatar), non-player-characters (NPCs) controlled by the game, or other
human-controlled characters in a multiplayer setup. There are few limitations on
how these characters can be modeled. An early and simple example of “characters”
in games can be seen in Pac-Man. The game includes an avatar that is controlled by
the player (Pac-Man) and four NPCs (the ghosts). Even though the NPCs follow
very simple rules, players seemingly observe complex behavioral patterns with
them (Millington and Funge 2009). Modern games normally include much more
complex character types that can speak, express feelings or perform complicated
actions, making them comparable to characters from novels or movies. Players may
control one hero or even a group of them that become more powerful as the game
proceeds. If players do not control an avatar directly, they often take the role of a
director that can influence parts of the game (e.g., giving commands to NPCs,
building structures, etc.).

Both the game world and the characters contribute to the story of the game. The
element of story includes two aspects: narrative, and progression in the game. The
narrative uses common storytelling techniques also found in novels or movies.
During the game, players can experience an exciting story with dramatic elements.
The Hero’s Journey is a common template for creating an appealing story
(Campbell 1968). It includes several stages where players experience ups and
downs and grow more powerful until they face the final battle. Compared to

Fig. 3.3 Different representation forms of a quiz game: a 2D representation with a three-in-a-row
game board (left) and 3D representation in a virtual world with a first-person perspective (right)
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traditional media such as theater plays or movies, there is a fundamental difference:
Games do not have to follow a linear way. This is a great opportunity for game
designers because the story can change according to the players’ actions.

This is where the element of progression comes into play. A game consists of at
least one level or scene the players have to complete in order to win the game.
Figure 3.4 gives an overview of possible progression types. The traditional way is a
linear layout. Several levels are just connected consecutively, and players have to
win all levels to win the game. More complex setups include branches where
players can decide which path to follow. When applied to a role-playing game, for
example, players could have to possibility join different factions. As a consequence,
players will not be able to see the entire game content during one play-through.
While this increases the re-playability of the game, it also increases the complexity
and the design and development effort. Other progression types include level
groups and alternative endings. In a level group, players have to solve a subset or all
of the levels in an arbitrary order before they can proceed to the next stage.
Alternative endings provide another way to increase the complexity and
non-linearity of the story.

Independent of the extent at which characters and story are included in a game,
players always perform actions. According to Schell (2008), the actions are based
on a set of rules that determine what players are allowed to do in certain situations.
As a result of an action, objects in the game alter their states and attributes. For
example, in a soccer game, an action would be to kick the object “ball” because a
rule prohibits throwing the ball. If done so, the ball changes its attribute “position”
and enters the state “moving.” Actions can be performed either based on skill or

Fig. 3.4 Games with different forms of progression, reaching from simple linear layouts (a) to
more complex layouts with branches (b) or level groups and alternative endings (c)
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based on chance. The soccer game is mostly influenced by skill. However, factors
such as the wind can influence the game in an unforeseen way and thus incorporate
chance-based actions. Actions and rules are elements that give a game structure and
thus are an integral part of the game design. By changing the set of rules, very
different games can be created while leaving the other game mechanics untouched.
For example, a multitude of game modes can be created with the same deck of
cards. Therefore, the core rules of the game should be designed carefully to reflect
the original intention of the game, including transporting the characterizing goal.

Common game setups include a game space and characters. Players can
experience a story and perform actions in the space.

There are also different forms how players can interact in a game. If there is just
one human player, the game mode is called single-player. Computer-controlled
opponents can take the role of other players (NPCs). Examples for this mode are
single-player racing games or strategy games. In both cases, the human player has
to compete against an artificial-intelligence-based (AI) opponent. However, other
games exist that do not require an AI component, like a simple card game or a
puzzle game. Here, players just have to follow the game rules in order to win.

If the characterizing goal of a serious game depends on communication between
players, a multi-player mode should be designed and implemented. We distinguish
three different multi-player modes: In a competitive setting, players compete against
each other, only one party can win the game. If a cooperative mode is used, players
have to work together in order to win. This is similar to single-player games, only
that there is more than one player who tries to be successful. A third form is the
collaborative mode, which is slightly different from the previous mode: Although
cooperative games have one common goal, all players have their own tasks which
contribute to this goal. Such a game could look as follows: Players have to solve a
set of puzzles to win, but solving each puzzle requires only one player. Thus, the
game can be won faster when more players are in the game, but specific game
actions are still smaller tasks in single-player mode. If, however, an action requires
more than one player to collaborate, the game becomes collaborative. Wendel et al.
(2013) used this approach to build a serious game to train team-building skills. Of
course, combinations of the different modes are possible as well. For example,
players might have to collaborate in a team while competing against another team.
The design decision for what mode(s) could be used in a game should be based on
the underlying serious content, so that the interaction modes of serious content and
gameplay match.

Every game interacts with its players through an interface. It connects the virtual
game space to the players’ minds. For example, if a player has the thought “my
avatar should go from one room to another,” the game should provide a way to
translate this thought into an action in the game. This includes both input and output
interfaces. Common inputs are keyboard, mouse or game controllers. More recent
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techniques include touchscreens, Microsoft’s Kinect, Nintendo’s Wii Remote,
accelerometers found in mobile devices, and virtual reality controllers such as the
Rift by Oculus VR (2015) or the Steam VR (2015).

The output component is responsible for showing the current game state to the
player. As discussed in the section about game spaces above, the output can take
different forms in terms of design, e.g., as a 2D or 3D world with different forms of
cameras. The physical output normally is a screen. Still, it is important to consider
its properties such as size (e.g., desktop monitor, mobile device or TV screen) and
rendering capabilities (2D, 3D or virtual reality headset).

The decision to choose a specific input and output technology can be directly
influenced by the characterizing goal of a serious game. For example, if it is a
training game that involves whole body movements, the Kinect might be the best
option. The technologies should also be matched with the target audience. When
creating a game for users that are inexperienced with a PC, choosing a first-person
controller with mouse and keyboard will result in a very steep learning curve; an
alternative approach that just uses the mouse only might work better. Then again,
game-experienced users might get frustrated by the missing degree of freedom.
Available hardware can also be a limiting factor. For example, when a serious game
is intended to be used in school environments with outdated hardware, this cir-
cumstance should be taken into account when designing the game.

Due to their interactive nature, games should always provide feedback to their
players. Whenever players perform actions in a game, there should be some indi-
cation about them. This can be as small as highlighting an object after clicking on it,
or as big as displaying the “game over” screen when the game ends. A good
interface design also includes preparing players before important decisions. For
example, if a game includes a story with branches, it is good practice to notify the
players before they choose a path from which they cannot return so that they can
think twice about their decision.

The level of immersion a user experiences depends on the implementation of the
user interfaces (UIs), which comprises all menus and elements that are not directly
part of the game world. Designing those in an intuitive way helps players getting
along in the game. Players should know how to interact with objects in the world, or
just where to find the settings menu to save or quit the game. There is a difference
between UI elements that are part of the game world and those that are not. If
players have to open a menu to perform a game action or change a setting, they will
be drawn out of the game world and will lose the immersive feeling. The action of
saving a game state can act as an example here: The common way to implement it is
to provide a menu where the player can choose a “save” slot before returning to the
game. This action breaks the immersion. If the game is an avatar-based game,
saving can also be implemented without that break: A player could collect gems
that can be used at certain locations to buy save-games. The same is true for
including the serious content into a game. The interface to the serious part can either
be plugged into an existing game as a menu, or integrated into the game world and
its mechanics. When creating an educational game that includes a quiz component,
there are different ways how to include the quiz into the game. If the game features
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a world in which players can move and interact, an easy way would be to display a
UI window that contains a question as soon as the player triggers an according
action. The game would pause and continue as soon as the player answered the
question. This approach draws players out of the immersion each time they have to
answer a question. A better alternative would be the following: When players have
to answer a question, they have to do that in the game world by jumping on a
platform that represents the correct answer, or by destroying objects that do not
contain the correct answer. In this way, game designers can create immersive
serious game interfaces that create a seamless gaming experience for their players.

In an ideal world, game designers would create the perfect game by picking all
of the best game mechanics. Unfortunately, a limited budget often does not allow
one to do that. This is especially true for serious games that are often developed
with a small amount of resources. As a consequence, it can make sense to con-
centrate on the most promising game characteristics. The presentation mode of a
game is an area that allows for a variety of designs, e.g., when creating a game with
a strong connection to the real world, such as a training simulation. The game
design could look as follows: The player should be able to explore a city in which
several points of interest are located. In each of these locations, the player should
handle a situation connected to the serious content of the game. With the recent
advances on 3D environments and virtual reality, it may be desirable to use these
technologies for that game. Players could then freely explore a realistic virtual
environment and feel almost as if they were really there. Creating such a complex
environment, however, takes up a lot of resources. Furthermore, it bears the danger
of falling into the uncanny valley (Tinwell 2015). This concept describes that the
more realistic a computer-generated scene/object is, the more skeptical users are in
accepting it. Thus, creating a realistic and believable virtual environment is a very
complex task that requires considerable work from both programmers and visual
artists. A more practical alternative could be the following: Instead of a complete
virtual environment, players just see a map of the city where they can click on the
different locations. Each location is then modelled by a set of panoramic images in
which players can look around and interact with objects. The images can be shot at
those locations with very little resources, and the result will probably be better
accepted by the players than a not fully realistic virtual environment.

3.7 The Development Cycle

Most entertainment game design follows an iterative cycle in which the game is
iteratively improved over time. This includes user testing, where players from the
target audience play prototypal versions of the game, which provides feedback to
help refine the game. Most serious game development processes follow a similar
cycle; however, the challenge with serious games is that there is an additional
stakeholder, the domain expert.
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Moreover, many serious games target specific demographic groups that are
different from the target group of traditional games. This can be challenging, as
many game designers are used to designing games for players like themselves (and
game companies often hire designers that design games they like themselves). This
is usually not the case with serious games, where the game designers are often very
different from the target group. So the question in the design process of serious
games is: how does one design for the values and expectations of the different
shareholders, in particular the players and the domain experts?

Participatory Design (PD) (Spinuzzi 2005) can help with this, as it is an
approach to design for the values and expectations of specific audiences. Partici-
patory design is a common approach for interactive systems in general, however, it
is not as popular in the game design community (Khaled et al. 2014), probably for
the reason outlined above: if the designers are similar to the players of their games,
there is not much need to bring in additional players, especially when considering
the resource constraints of many small game studios.

However, the consideration of participatory design in serious games is
increasing (Khaled et al. 2014). Key themes here are that disempowered user
groups should be empowered, and that diverse knowledge should be integrated.
Furthermore, non-designer stakeholders should participate in design decisions that
affect them. Khaled et al. (2014) also mention typical participatory design methods
used in serious games: design games (Brandt 2006) and future workshops (Kensing
and Madsen 1992). Moreover, it has been acknowledged that participatory design
in serious games is not without its challenges, and the process rarely runs smoothly
(Khaled and Ingram 2012).

In order to aid the use of participatory design in serious games, Abeele et al.
(2012) developed a framework for the design of serious games. This framework
proposes to build the serious game design on four conceptual pillars: player-
centered, iterative, interdisciplinary and integrated.

• Player-Centered Design: The involvement of players should go beyond
employing them to resolve usability issues, offering players the opportunity to
participate also in the creative part of the game design process. This is important
especially with serious games, as the target audience differs from the game
designers probably more than in traditional entertainment games. The authors
propose several methods to involve the players throughout the design process,
including ethnographically inspired inquiries at the start of the project and
participatory design sessions during the design phase, as well as user testing
throughout the development.

• Iterative Development: The framework proposes an iterative and incremental
approach to game design and development, consisting of three main phases:
concept design, game design, and game development. The concept design phase
is used to acquire an understanding of the player group and the problem domain.
After the concept design phase has been verified, the game design phase
transforms the concept into a detailed game to serve as input for the game
developers. In the final game development phase, milestones and user tests are
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defined, and the biggest risks the project faces in regard to serious goals,
fun, and/or technological challenges are described. Concept design and game
development typically last 3–6 months, and game development between
6–12 months.

• Interdisciplinary Teamwork: The framework suggests an interdisciplinary
approach in which “all team members, not just the designers, participate in every
aspect of the development process and learn from each other’s field of exper-
tise” (Abeele et al. 2012).

• Integration of Play and Learning: The framework proposes that play and
learning needs to be integrated as closely as possible (Garris 2002). As the
authors’ background is in learning, it is not surprising that learning is featured
here. However, we believe that the importance of integration equally applies to
other “serious” content. This integration is facilitated by what they call “intense”
collaboration between all the parties involved (Abeele et al. 2012).

This framework highlights the importance of bringing both players and domain
experts into the game design process of serious games. To facilitate this, we now
articulate four common ways how these can be brought into the design process,
borrowing the categorization from prior work on co-designing with children by
Hourcade (2008) and Druin (2002).

• Stakeholders as users: When players and domain experts are treated as users,
they are often brought in at the beginning or end, utilizing them through
ethnographies to understand how they currently engage with the “serious”
aspect (beginning) and to assess its effectiveness (end). Both can be very useful
for serious games, however, there are additional ways how stakeholders can be
involved, which we describe next.

• Stakeholders as testers: When stakeholders are testers, they are invited to test
prototypes and possible alternatives. This works well in the iterative process as
the team gets feedback early, which reduces the overall cost and improves the
quality of the final game. While this approach engages the stakeholders more, it
does not provide them with a voice in the design process.

• Stakeholders as informants: When stakeholders become informants, they act as
consultants to the team, sharing ideas at specific times. Common techniques are
interviews, questionnaires, and focus groups. The Personas technique described
by Antle (2004) can also be used to keep the different stakeholders in mind
when they are not available.

• Stakeholders as design partners: When stakeholders join as design partners,
they enter the highest level of involvement. As mentioned previously, the teams
need to consider the different backgrounds and perspectives of the stakeholders
in order to integrate them successfully in the design process; simply inviting
them will not necessarily do. However, the outcome will be worth it, as all
participants of the team will be able to fully buy into the process and thus in the
outcome, facilitating the success of the game. Common techniques used here are
contextual inquiry and participatory design. In contextual inquiry, players and
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the entire team observe each other while playing the game to facilitate discus-
sions on competing approaches. In participatory design sessions, prototypes are
developed collaboratively to ensure that the stakeholders’ diverse opinions are
considered when it comes to feature selection.

In sum, the design of serious games can benefit from a player-centered, iterative,
interdisciplinary, and integrated approach. Designers are advised to collaboratively
engage not only the players, but also the domain experts, as they are both stake-
holders in the process. This is a very different scenario from entertainment game
design.

3.8 Conclusion

Game designers face a large responsibility: They lead the way for the entire
development process of a game, from the initial idea to the final game. Therefore,
they first should understand what makes a game a game, how it differs from play,
and how it creates fun. This is especially important when designing serious games
because they are frequently used as motivational tools to promote their character-
izing goals.

The approaches differ slightly from game design for entertainment games. First,
an initial game scenario is identified based on a set of problem statements. This
scenario is then filled with ideas and game elements that are iteratively refined.
With serious games, however, a very important part is the integration of the
characterizing goal into the game. It begins with the definition of the game scenario,
where the characterizing goal and the intended usage of the game act as additional
constraints.

Keeping these constraints in mind, game designers create an initial game idea.
Here, inspiration can come from looking at existing gaming and non-gaming
applications. Furthermore, events like game jams can provide a series of prototype
games in a short amount of time. Game designers also have to decide how to
combine serious content and fun game elements. Both components can be linked
statically to create a tight connection between them, or they can be linked
dynamically to support interchangeable serious content and to enable the reusability
of the game for different purposes.

When designing a game from scratch, a set of game mechanics have to be added
to it. This includes basic elements such as a game space, actions and rules. More
elements like a story, characters, or a multiplayer mode can be added to create more
complex games. Interfaces provide functionalities for the players to interact with the
game and give them feedback on their actions.

Once the first game design is finished, the development team can start to
implement a first prototype of the game. The prototype is then iteratively improved
until it becomes the finished game. Throughout the entire development phase game
designers should constantly review the progress by talking to domain experts and
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developers. Testing the game regularly with representatives of the target audience is
another important step towards a successful serious game.

It is important to treat serious game design as a holistic approach from the
beginning, integrating both the characterizing goal and the fun part. Consequently,
the entire design process should also be holistic. Designers should bring together
knowledge, props, and constraints from all involved stakeholders—including the
stakeholders themselves.

Check your understanding of this chapter by answering the following questions:

• Why do games engage players? What components of the game attract players to
invest such a large amount of time into them?

• Look at existing games (serious or not) and examine which game characteristics
they employ.

• Formulate at least three game scenarios by exactly defining problem statements
and constraints.

• Design the same game idea for different target audiences (e.g., tech-savvy
teen-agers vs. elderly players) and different environments (e.g., classroom vs.
leisure time). Do only parts of the design have to be changed, or do different
audiences require completely different game types?

• Design a game prototype just by using pen, paper, and physical objects. Can you
cover the entire game idea with that?

• Can any characterizing goal be turned into an intrinsic serious game, or are there
limits regarding the set of available game mechanics?

• Match the pace of serious content and game. For example, choose from racing
game, turn-based strategy game, platformer, first-person shooter, training
vocabulary, physical exercises, learning how to do medical operations, learning
how to drive a car, and acquiring a new language. Which elements can be
connected naturally, and which are a poor fit?

• Look at existing serious games: Did they start as just the serious content, as an
entertainment game, or were they created with a holistic design approach from
the beginning?
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4Authoring Processes and Tools

Florian Mehm, Ralf Dörner and Maic Masuch

Abstract
The creation of a serious game comprises a multitude of tasks ranging from idea
finding to playtesting. A crucial step is the implementation of the game design as
a computer system. The quality—and to a lesser extent, cost and future
adaptability—of a serious game depends heavily on the processes chosen to
coordinate and to support all authors involved. This chapter aims at presenting a
foundation for specifying authoring processes and selecting authoring tools for
an individual serious game project. It starts with looking at the challenges
authors face when trying to accomplish their tasks, and discussing approaches
that support the authors. On a more general level, basic concepts are introduced
with user-centered design and agile development techniques that are often
reflected in successful authoring processes for serious games. Finally, software
tools for supporting authors are addressed. Here, two examples are examined in
more detail: a general-purpose tool for authoring digital games, and an authoring
tool that specializes in creating a certain subset of serious games.
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4.1 Authoring Challenges

In this chapter, we focus on the task of assembling, aggregating, and integrating all
parts of a game to build the final product. Several challenges have to be faced by the
development team regarding this authoring task, especially during the production of
a serious game.

One of the main differences between an entertainment game and a serious game
production is the composition of the game production team. A serious game
requires domain experts to contribute their knowledge of the game’s domain
(Marfisi-Schottmann et al. 2010). The better integrated into the team and its
workflow the experts are, the better the game will be in the end. Therefore, the
amount to which the authoring tool supports not only the game developers, but also
the domain experts, is crucial. Since domain experts are usually not skilled in game
programming or other typical game production tasks, the first challenge lies here in
providing adequate workflows and interfaces for them.

Apart from consulting the game developers during the design, domain experts
usually provide data for a game—such as target vital parameters for exergames or
pools of tasks combined with learning content for educational games. First of all,
the game and the authoring tool must be compatible with these data. In practice, this
often means that the authoring tool must be extensible to allow the data to be
handled. Then, the data input/integration must be carried out efficiently and
effectively, with appropriate user interfaces. Since this data can be extremely varied,
this is a challenge for providers of authoring tools.

Another challenging characteristic of serious games is adapativity. Many types
of serious games require the game to be adaptive to the choices and characteristics
of the players, in order to reach the game’s characterizing goals as best as possible.
This requires a specialized authoring tool in several regards. First of all, adaptivity
often requires more content than a non-adaptive game to cater for all possible
adaptive paths through the game. Therefore, content must be authored as efficiently
as possible. Since adaptivity leads to non-linear, highly interactive games, it can be
hard for an author to foresee how changes to the game will play out for different
players. Therefore, an authoring tool should also support authors in handling game
adaptivity as best as possible. Adaptivity and personalization aspects are discussed
in more details in Chap. 7.

One more challenge is introduced by the size of game teams and the amount of
authors who collaborate using an authoring tool. As noted above, serious game
developers have to cooperate with domain experts. Apart from basic necessities of
collaborative work—such as methods for merging changes made to the same game
and allowing simultaneous work—the authoring tool should further support
multi-user authoring, i.e., by adding task management, game designers can add
tasks for domain experts to provide their specific data for game parts where needed.

In the following, we use the terms authoring tool/system in the same sense as
Bulterman and Hardman (2005) defined it in the context of interactive multimedia
presentations:
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In order to achieve the characterizing goal of a serious game, the author is
required to specify the individual parts of the according software system (in
particular the game assets) and the relationships that exist among these assets.
An authoring system allows the author to develop a narrative structure based
on a collection of game assets and a creative intent that manages the serious
game’s visual and temporal flow.

We highlight the aspect of inter-relatedness that Bulterman and Hardman include
in their description: instead of content creation tools and processes which aim at
creating individual assets, authoring tools connect all the individual assets into a
larger game.

Authoring tools for games have evolved in the same way as game production in
general has evolved. The first digital games were created in hardware and had their
rules and content “hard-wired” in a literal sense. However, as games grew in size
and complexity, integrating content and building a final game needed to become
data-driven. In this approach, a game engine is built in such a way that it is
controlled by data; for example, a XML file encodes the logic and the required
assets of the game. This very flexible data-driven approach has given rise to game
editors and more advanced authoring tools. In practice, several approaches can be
found in game projects: from minimal editors that only handle some tasks, to
authoring tools that are intended for the whole production.

The positive aspects of using an authoring tool are especially important in the
context of serious games. Among the main advantages are:

• Cost efficiency: Especially if an off-the-shelf authoring tool is used, costs can be
reduced in several ways. For example, since these tools foster collaboration
between different user groups, overhead due to collaboration is reduced.

• Automation: As will be seen in the examples below, authoring tools can
leverage their use of abstraction and structured workflows to automate tasks
found in game development.

• Specific author support: Authors can be supported in several ways, increasing
their productivity as well as the quality of the overall product.

4.2 Authoring Approaches

4.2.1 Basic Approaches

In this section, we examine approaches that are shared by many authoring tools. In
many cases, these approaches determine how the workflow of creating a game is
presented to authors and how they can manipulate the game they are authoring.
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The first basic principle lies in the connected aspects of abstraction and struc-
tured authoring processes. Since authors are not intended to work directly on game
code in order to build the game, abstraction is a necessity for game authoring tools.
In this regard, authoring tools have internal models of the game that abstract from
the actual game code in different ways. For example, the game models of game
editors—such as Unity (http://www.unity3d.com) or Unreal Engine (http://www.
unrealengine.com)—are very closely related to the technical nature of the game
engine (cf. Chap. 6), featuring scenes in which authors manipulate game objects
realized as 3D meshes or 2D sprites directly. Concordantly, in such tools, authors
often work directly with code in the form of scripting languages or visual pro-
gramming languages.

Other authoring tools abstract more from the technological basis and are oriented
more towards the structure of the game. Often, such tools are more aligned with
certain genres than others. For instance, the StoryTec system (cf. Sect. 4.5.4 and
Chap. 7) is built on an abstraction that borrows from theater or storytelling, with the
basic building blocks being scenes which are manipulated by authors.

Closely linked to abstraction is structured authoring. The game model that is
chosen is directly linked to a structure for the game. For example, a “scene” in a
game could be composed of a background image and one or more actors in the
scene. The authoring tool would then offer an interface to choose the background
image and add the actors. This structured authoring then gives rise to a set of
workflows that are useful to follow when working with the authoring tool. We will
give examples of such workflows below.

A third important basic mechanism of authoring tools can be summarized as
providing different views to authors, based on their specialization. Instead of pro-
viding the same interface to each user, authoring tools can adapt to their users and
their specific background by providing views that only display those data that they
are interested in. For example, a physio therapist providing parameters for a
workout in an exergame is not interested in changing the positioning of 3D models
or the game mechanics; instead, he or she is interested in providing parameters such
as the target heart rate or the duration of the workout. Therefore, the authoring tool
could hide the former data and provide an interface for which the latter content can
be efficiently authored.

4.2.2 Author Support Mechanisms

Based on the basic mechanisms shown in the previous section, which often underlie
authoring tools, more specific support mechanisms can be added to authoring tools.

Completeness checks can be added to various degrees. They draw upon the game
models and structured authoring paradigms. By declaring syntactic and semantic
rules for games, an authoring tool can check the game that is being authored and
give suggestions how to continue or where more work is needed. The E-Adventure
authoring tool has been extended with such as system (Moreno-Ger et al. 2009), as
has the StoryTec tool described in Sect. 4.5.4. From a broader perspective, the
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practice of checking the game model against certain criteria is an example of model
checking (Clarke et al. 1999).

A very basic check is for fields that need to be filled out in order for the game to
work. If the game model requires a starting point for the game to be defined (such as
a level in which the game starts), the authoring system can alert the author if no
starting point has been defined. A more semantic check is that for a dead end.
A dead end is a situation in which the game cannot be completed by a player.
A simple case of this situation would be a scene or level which can never be left
since an exit is missing. A more challenging example for a dead end is a situation
where game logic prevents the player from completing the game. For example, a
key might be required to unlock a door. However, the key requires a flag to be set in
the game which can only be set by an action performed on the other side of the
door. Especially if game parts can be quickly moved during authoring, e.g., by
dragging and dropping them, this kind of error can be introduced.

Non-trivial cases of dead end detection require more advanced solutions. Several
such approaches have been proposed. These include agent-based simulations,
where a game is tested by artificial intelligences that randomly or semi-randomly
test each option in the game. However, if the search space becomes too large due to
too many options and possible game states, these approaches become unable to test
all possible paths. Figure 4.1 shows an overview of types of dead end detection.

For the context of multiplayer games, Reuter et al. (2015) proposed a solution
based on Petri nets, i.e., a graphical notation to describe transitions and flow
relations in concurrent processes (Murata 1989). In this approach, the state of each
player is represented by a token in a Petri net. Each possible game state is repre-
sented by a node in the net. This representation is derived automatically from the
game model. The Petri net can then be analyzed by standardized tools, resulting in
an analysis that shows dead ands. Since the case of a single player can be modelled
by a Petri net with only one token, this approach is also valid for checking
single-player games.

Using techniques of procedural content generation (described in Chap. 5 in
more detail), some authoring tools provide a mixed-initiative authoring approach.
In this approach, parts of the game are generated automatically by a procedural
content generation algorithm. Then, the author can change the generated content or
provide further rules which govern the generation process of the generator. This

Fig. 4.1 Examples of completeness checks. a a dead end, since the game scene has no exits,
b dead ends due to no connections to the rest of the game, c dead end due to a mistake in logic that
never triggers an exit
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process is iterated, with the human author and the procedural generator take turns in
creating the game. This approach has the advantages of leading to new ideas for the
human author and providing a full game in a short time, since the procedural
generator can fill out the aspects of the game the human author did not finish.

An example of this mixed-initiative authoring approach is found in the tool
Tanagra, which is used to create levels for 2D platforming type games (Smith et al.
2010). The tool can make a first draft, creating a randomized level that is guaranteed
to be playable. The author can then change the level, adding gaps or platforms. In
the next iteration, the procedural generator will respect these manual changes and
make sure that the level remains playable (note that this aspect is another example
of the “completeness check” approach).

Similarly to mixed-initiative authoring tools, iterative authoring is concerned
with testing the current state of the game early and often. This is closely related to
the paradigm of rapid prototyping and the agile family of software development
processes (see Sects. 4.3 and 4.4). In game development in general, rapid proto-
typing is used to assess early whether a game is fun or if central components are
working correctly. A necessary requirement of rapid prototyping is taking care of
keeping the current version of the game playable at all times so that it can be tested.
This is also often a prerequisite for experts involved in the creation of a serious
game to provide meaningful input.

Authoring tools can help here in the sense that they can support rapid proto-
typing, both from the creation and from the testing side. For creation with rapid
prototyping in mind, the authoring tool can be created in such a way that it supports
games that are only partially finished. For example, if the game works with
placeholder content or when the game logic is not completely entered, this can
allow testing the game at an early stage. Furthermore, since authoring tools usually
feature a finished game engine, the game should usually be playable immediately
since no more programming is required ideally.

For testing and receiving feedback, the authoring tool and especially the runtime
environment can be augmented with support. The game engine can feature visu-
alizations to allow authors to see the current state of the game engine and find faults
in the game logic, for example. It can also include substantial logging facilities,
saving a log of all the events in the game. Figure 4.2 shows how such a combi-
nation of authoring tool and rapid prototyping tool can be understood.

Ideally, the data can be analyzed, either with a special tool or in the authoring
tool itself. As an example, the analysis tool can aggregate data from several
playtests and present this data in the context of the authoring tool. One example is
in a branching game, where the analysis can show the distribution of probabilities
for players to choose one of the branches. This could indicate that most players only
choose one branch, and the game author could think about whether the choice is
obvious or not and whether the design should be changed at this point. Such a tool
is further described by Mehm et al. (2010).

Another important area of support is collaborative authoring (Johnson and
Valente 2008). This means that several game authors can work together on one
game at the same time. A basic necessity is that the game can be safely edited at the
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same time by several authors; for example, using a mechanism where authors can
lock a part of the game, so that only they can change this part of the game for a
certain duration of time. Building upon this basic functionality, the authoring tool
can cater for multiple author collaboration in several ways. For example, authors
could be allowed to add notes and annotations to parts of the game, e.g., to indicate
to a domain specialist or artist what has to be done. Furthermore, the authoring tool
can provide different interfaces for each authoring role, such as a simplified
interface that does not include game logic for domain specialists.

Even if an authoring tool has a simplified way of specifying game logic—such
as a visual programming language—a non-programming author will still not be able
to create more complex game logic that requires programming. One way of still
allowing more complex game logic is by the use of templates. Templates in this
sense are configurable parts of a game that encapsulate certain functionality. An
example is given in the section on StoryTec (cf. Sect. 4.5.4). For an author, the
added complexity is transparent, and the template can be instantiated and config-
ured similarly to other authoring tool objects.

4.3 User-Centered Design

When engineers build a bridge, they can use the laws of physics and mathematical
simulations to predict whether this new bridge will meet its goals (e.g., withstand
certain wind forces or carry a certain weight). When game developers create a
digital game, they have no way of simulating complex human behavior and cal-
culating to which extent the goal to entertain the players will be achieved by the
software they are designing. The developers can rely on previous experience.
However, predictions based on experience are not as dependable as predictions
founded on mathematical models. In serious games, the uncertainty whether the
game will meet its goals is even higher compared to entertainment games. In
addition to the goal to entertain, characterizing goals also need to be fulfilled.
Moreover, even experienced entertainment game developers find it difficult to

Fig. 4.2 The exchange of data between an authoring tool and a dedicated rapid prototyping tool.
For example, the prototyping tool can log the paths players took in a branching game, along with
logging all information that can be gathered from a playtest
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predict results when trying to achieve multiple, interdependent goals in a serious
game.

Given the substantial level of uncertainty as to whether a game will be suc-
cessful, a typical engineering approach of planning the game software at the
beginning and then building it is too risky. Instead, iterative approaches have
established themselves as best practice where designs are revised several times and
the game is developed step by step. The basic principle is depicted in Fig. 4.3.
Here, a crucial element is the evaluation phase. The evaluation results decide
whether the development is finished or a new iteration needs to be started. Instead
of calculating the degree of goal achievement, the current version of the game is
simply tried out and assessed by either experts or, more usually, playtesters from
the game’s target group. There are several techniques available for conducting an
evaluation, e.g., test sessions followed by questionnaires and interviews, or
observing players during the game—where they might be asked to vocalize their
thoughts, to make emotions or cognitive processes better observable (“thinking
aloud test”).

If the evaluation is not successful, developers might need to refine the concept
(e.g., the game design) and change the implementation accordingly. The imple-
mentation does not need to be a fully functional and robust software system. To
increase the number of iterations in the project duration, the first implementations
might also be prototypes or mockups (Buxton 2007). Even storyboards, i.e., a
serious of drawings that illustrate the gaming experience, or paper prototypes, i.e., a
simple board game version of the digital game, can be used. If the evaluation
reveals more fundamental issues, developers might need even to go back to ana-
lyzing and understanding the context of the serious game. For this, scenario-based
design (Carroll 2000) can be used, where short stories are written that describe how

Fig. 4.3 Iterations in a user-centered design process (adapted from ISO 9241-210)
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a user will interact with the game. These stories are then discussed with users. The
scenarios can be refined to use cases and described more formally, e.g., as UML use
case diagrams. Thus, users of the game are not only regularly involved in the
evaluation phase, but also during analysis or requirement specification. Hence,
these iterative process models for developing software are called user-centered. In
the literature, several approaches to user-centered design are described (Vredenburg
et al. 2002). Some of them even have the status of ISO standards (e.g., EN ISO
9241-210, ISO/PAS 18152).

4.4 Agile Software Development

In technical terms, a serious game can be seen as a typical software product. Its
development is characterized by the manufacturing of code and assets in a software
development process. The umbrella term software engineering embraces all
methods for design, development, and maintenance of applications. Roles, artifacts,
a specific sequence of actions, and intermediate deliverables are meant both to
control the project and to secure a successful outcome. Software engineering differs
from project management, as it embraces all aspects of the production of software
and not only the management of the production process. A profound overview can
be found in (Sommerville 2015). Recently, developers shifted software engineering
away from sequential construction process approaches (e.g., the waterfall model)
towards more iterative and flexible models. Nowadays more and more software is
developed using agile software development methods. “Agile” means that the
development process does not follow a previously laid out, rigid plan; instead, it is
flexible to adjust to changing requirements and software specifications. These
changes are caused, for example, by insights gained during the development pro-
cess. Agile development can be seen as a lightweight, lean, and self-organized
approach, and there are many variations. By far the most popular methodology is
scrum. A fundamental principle of scrum is the empirical insight that most software
projects are far too complex to rely on the perfect plan. Scrum is empirical,
incremental, and iterative, and accepts the unpredictability of the software devel-
opment process as a whole, neglecting the traditional sequential approach. The
methodology can be described as a framework consisting of values, roles, events,
and artifacts (see Fig. 4.4).

There are essentially three different roles: (1) The product owner can be seen as
the customer and should be represented by one person. He or she describes the
functionality and scope of the planned software with items (also called user stories)
and prioritizes them (e.g., as critical/must-have/nice-to-have) in a product backlog.
A product owner stays on a certain meta-level of the project and may discuss scope
and timeline, but is not concerned with technical aspects. (2) The scrum team
consists of small groups (5–10) of developers or other project members that are
self-organized, sometimes of cross-disciplinary profession. (3) The scrum master is
responsible for a smooth production flow and acts as an interface between the team
and the product owner. Hence, the scrum master can be seen as a facilitator whose
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primary goal is to help others: Either the product owner (e.g., to transform the
product vision into a product backlog) or the team (e.g., to eliminate impediments).
This role is quite different from that of a project manager as it explicitly excludes
resource management or the power of decision. As scrum puts emphasis on
self-organization, the team has not only the responsibility for the work but also the
right to make decisions, i.e., team members decide together which task they will
work on.

A software development phase in scrum is called a sprint. It consists typically of
a fixed, not extendable period of time—usually between one to four weeks. It starts
with the sprint planning event, where the team assesses the effort, duration, and
responsibility of tasks derived from items in the product backlog. The selected tasks
necessary to bring the prototype closer to completion are listed in the sprint
backlog. They form a prioritized to-do list, and the estimated time for their com-
pletion is depicted in a burn down chart (see Fig. 4.5). During the sprint, the team
may not be disturbed by external stakeholders (who, for instance, request changes
of requirements).

Priorities and items can be changed during a sprint while being processed, as
team members constantly review and evaluate these items during the daily scrum
meeting. This concise stand-up meeting informs team members about goals met
yesterday, goals planned for today, and any obstacle that might prevent today’s
completion of items. Issues have to be solved by the scrum master and responsible
team members outside the meeting. This constant reflection and evaluation is called
backlog refinement. To a very large extent, it is responsible for the flexibility of
scrum as an agile method.

Fig. 4.4 Scrum framework overview
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After each sprint, completed (and uncompleted) tasks are reviewed, as well as
working conditions of the office. This retrospective aims at improving the pro-
duction process and workflow itself. At the end of each sprint, the game is expected
to be in a working state and able to be demonstrated to both the product owner and
external stakeholders (e.g., customers or potential users). Specifically for serious
games, the demonstration can be used to allow experts (such as domain experts) to
better grasp the concepts, potentials, constraints, and usage scenarios of the game
being developed and in turn to provide higher quality feedback. A scrum of scrums
can be used to build up a hierarchical structure of large teams (200+ members),
with team members or scrum masters as ambassadors informing other teams about
what their team achieved, what they are now doing, and any impediments.

There are many more details about scrum; a recommended follow-up reference
can be found in (Rubin 2012) or the original description in (Beedle and Schwaber
2002). There are a number of other agile software engineering frameworks, but
scrum remains the most prominent among them all. What makes it so successful?
Many empirical experiences, as well as research studies, show that scrum actually
works. It is a non-trivial, but easy to understand concept that ideally results in
increased productivity, better quality, higher customer satisfaction, and increased
well-being of developers. It tackles one of the biggest issues in software engi-
neering: The flexible response to requirements changes during the development
process. It forces developers to focus on the most important tasks in a strict time
frame while also iterating short feedback loops with the user. However, scrum is not
a silver bullet per se. There are projects with unresolvable issues where even the

Fig. 4.5 A sprint burndown chart is a visual representation of the remaining work for a current
sprint. It may differ from the ideal completion rate to the worse (tasks have to be dropped) or to the
better (tasks can be added) and it is a constant reminder for the team to hold the desired deadline.
Thus, as a side effect, it enforces a strong priority management
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most talented developers and the most advanced software engineering methods fail.
Also, it is often necessary to adapt the agile method used to the individual project
and individual development team (e.g., sprint length or team size).

In general, game development projects are good candidates for critical projects.
They are complex multimedia projects, running with cutting edge technology and
often alpha-status drivers and hardware. They consist of cross-disciplinary teams
with many junior and few senior developers. The vast majority of game projects are
underfunded, beside many other issues. Serious games, due to their peculiar
financing (cf. Chap. 11) and their inherent claim to achieve more goals than
entertainment, even aggravate that situation. In such a situation, scrum is particu-
larly helpful.

As an agile methodology, scrum is very well suited to follow a user-centered
design approach in a serious game project. Often, designers of a serious game
project need to follow an explorative process model, as the characterizing goal of
such an application cannot be specified complete at the beginning of the project.
User testing needs to be conducted with early prototypes to adapt to evaluation
results found during the development process. Here, incremental refinement comes
in handy. As each iteration after a sprint can be demonstrated to the product owner,
testing can be accomplished in a very early product stage. This results in a sys-
tematic risk management, where severe risks can be recognized and anticipated
early. Here, the product owner plays an important role in a serious game devel-
opment process. Scrum even adapts quite well to the different roles and skills of a
customer, who is represented by the product owner or the customers themselves. In
certain special cases, it is also possible to combine product owner and scrum master
in one person, e.g., when a team decides to produce their own serious game (Schild
et al. 2010) or to have more than one product owner, each representing one char-
acterizing goal of the serious game. Scrum can be so flexible, it also adapts to
situations like these.

4.5 Authoring Tools

4.5.1 Categorization of Tools

We start our overview of authoring tools with a categorization. The first scale that
we analyze is the dependence on additional tools. One extreme is an authoring tool
that tries to facilitate as many game production tasks in them as possible. At the
other end of the spectrum is an authoring tool that focuses on the task to aggregate
data from a multitude of other tools. This scale of task universality is also reflected
in the discussion of tool chains in this chapter. Note that game authoring tools can
change their position on this scale based on their extensibility by adding func-
tionality using plugins. For example, Unity 3D (see Sect. 4.5.3) has very few
content creation facilities in the standard version, but can be extended vastly to
include simple 3D modeling, painting, and other tools.
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Next, authoring tools can be specialized for a certain genre of games, or can be
more versatile with regard to genres. This characteristic of genre universality is
usually reflected in the complexity of the authoring tool: If only one or few genres
are supported, authoring tool providers can make many assumptions and therefore
provide many functions that are specialized for a genre. For example, several
authoring tools are specialized for the genre of point-and-click adventure games,
and therefore can make assumptions, such as: No multiplayer system will be
required. The game will have a certain structure consisting of screens, characters,
inventory items, dialogues, etc. The disadvantage of such a specialized authoring
tool is that creating games that do not conform completely to the genre is harder
than with a general-purpose authoring tool. For example, if an author wants to add a
racing sub-game to a point-and-click adventure game to spice up the gameplay, this
can be almost impossible in a dedicated point-and-click authoring tool.

A further characteristic of authoring tools is the abstraction level. A low level of
abstraction would mean that authors work with objects and constructs that are very
close to the game programming side. For example, for moving a character across
the screen in an authoring tool with low abstraction, the author could handle the
object as an image drawn at a certain location that is animated by changing a
position vector variable. This would be very close to how a game programmer
might implement this directly in a game engine. This low level of abstraction,
however, allows the creation of many types of games.

On the other end of the spectrum are highly abstract authoring tools. In such an
authoring tool, high-level constructs such as “character,” “dialog,” or “goal” could
be implemented. Instead of controlling the character directly using code, the author
would only specify parameters—such as the look of the character and the initial
position—and the game engine would handle the rest. Instead of a programming
language, the authoring tool would feature a domain-specific language, for exam-
ple, one in which the possible goals and actions of a character could be specified.
As can be seen in the difference of semantics, the latter type of authoring tools is
more restrictive for authors, as they build on certain structures for games. Instead of
handling only low-level objects such as textures moving across the screen—which
could have varying semantics—the abstract authoring tool would know only about
characters, dialog, etc. For a discussion of the semantics in authoring tools, see
(Spierling et al. 2006).

4.5.2 Toolchains and Ecosystems

In practice, it is rare to use only one tool to create a complete game. Rather, several
tools are used to assemble a game, e.g., for creating and editing different types of
assets. This is due to the need to provide specialized tools for content producers that
would be hard or impossible to integrate into one tool.

Some game creation tools integrate other tools for content production into their
features. This can be due to either the intent to provide all necessary tools in one
package, or to the evolution of an authoring tool from a content production tool.
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The former case is true for the Game Maker (Overmars 2004) game creation toolkit;
for example, it adds a sprite editor that can be used both to create sprites for a game,
and use them immediately in the game. The latter case is exemplified by the 3D
content creation toolkit Blender (http://www.blender.org), which started out as a 3D
digital content creation (DCC) tool and later was augmented with a game engine.
Today, 3D and 2D assets created and configured in Blender can be immediately
used in the Blender Game Engine.

However, in practice, integrated content production tools are often lacking in
comparison to dedicated DCC tools, and therefore are mostly used by novice game
creators or those untrained with dedicated tools. For example, a dedicated image
editing tool such as Gimp or Adobe Photoshop features many more filters, brushes,
and tools than an integrated content creation tool in an authoring tool can provide.

When several tools are added to the game production process, they are usually
arranged into a toolchain: Tools are arranged in a chain, where the content created
in one tool is used in the next. However, in game production, a toolchain usually
refers not only to the tools used, but also to the associated processes. This includes
practical and necessary conventions, such as naming rules for files and management
of files, i.e., in a content management tool. Furthermore, it usually includes review
processes and a distribution of responsibilities in the team. Figure 4.6 gives an
overview of a possible ecosystem of tools used in game production.

Finished assets are then integrated into the game using an authoring tool. Ideally,
the assets can be directly integrated. This can include necessary metadata (such as
annotations for learning content) that has already been added as part of moving
through the toolchain.

Depending on the toolchain chosen, the output of the authoring tool (i.e., the
completely assembled game) could be further processed and finalized by other tools
in the chain. For example, if content is produced in high quality (high resolution,

Fig. 4.6 An example ecosystem of users with different roles and different programs, working to
create the necessary assets and game design to be combined in the authoring tool
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detailed 3D models, etc.), this content could be compressed down to different sizes
based on the target platform (e.g., low resolution to older mobile devices, and high
quality for PC platforms). Other tools can be used to package the game for different
platforms (such as packaging and signing a mobile application) and then finally to
upload the game so it can be distributed.

4.5.3 Example: Unity

Unity is a game engine with a prominent game editor associated closely with it. It
started out as a Mac-only application in 2005, and was later also released in 2009
for Microsoft Windows. It is able to target all major PC, mobile, and console
platforms. Since Unity makes very few assumptions about the games created, it is
very compatible to many game genres. Despite the name, it supports both 2D and
3D games (including virtual reality applications).

The tool is a clear example of the “game editor” side of authoring tools.
However, the use of the editor is not only restricted to building a level—it also
features code editing. The unmodified workflow of Unity is mainly oriented
towards programmers to get a full game working.

When a new project is started in Unity, the user sees an empty scene. This scene
can be filled with content either by adding 3D primitive objects such as planes or
cubes, or by importing 3D assets created in a dedicated 3D modeling tool.
A hierarchical view of all objects in the scene allows an author to see all the objects
and to quickly navigate to them. When an object is selected, the properties of the
object can be edited quickly in the inspector tab.

When only content is added, the game will not be interactive in any way when
started. Unity is based on a component-based architecture for games, indicating
that each game object is composed of several components—each of which handles
a specific subset of the object’s behavior. The basic component all objects in Unity
share is a transform behavior, which indicates where in the 3D/2D world the object
is placed and oriented.

A behavior created by a programmer can update the state of the game object
each frame, reacting to the input of the player, to other objects or the overall game
state. Some simple and often-used behaviors are supplied along with Unity, such as
the FirstPersonController, which realizes a first-person camera control using a
mouse and keyboard.

Unity has been used for several serious games. Due to the close cooperation with
Serious Games Interactive (http://www.seriousgames.net), the engine has been used
for several games of the company, prominently the “Global Conflicts” series (Buch
and Egenfeldt-Nielsen 2007, see also Chap. 12). The games “Escape from Wilson
Island” and “Woodment” have been created in Unity as well (Wendel et al. 2013).

Unity by itself has no specific support for the creation of serious games, espe-
cially when it comes to integration of serious game content. This is mainly due to
Unity being designed to be very flexible and not specialized for a specific gameplay
or genre. However, Unity lends itself very well to extensions, which includes the
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editor as well as the engine. This extensibility starts with the scripting facilities
described above: When a component is created by a programmer, it is treated in the
same fashion as the built-in components of Unity. This means that it can be attached
to any object, and will be shown in the editor in the same way as a regular
component, including the possibility to change the properties of the component in
the editor. In the case of a serious game for the treatment of phobias, for example, a
dedicated component can be written that turns the general-purpose Unity authoring
tool into a software tool where a psychiatrist can change certain parameters of a
serious game in order to adapt the game to the patient’s progress.

The next level of extensibility can be reached with custom inspectors. In this
case, the look of the inspector of Unity can be changed for a custom component.
For example, imagine that the target intensity of a training session in a game for
health should be defined with a continuous value over time indicating the target
intensity at that time. Without a custom inspector, we might realize this with a set of
integer values that the user has to enter, e.g., one value at each minute. With a
custom inspector, the same input can be realized as a curve that can be manipulated
instantly. This would give much better and immediate feedback to the user and be
much easier to understand due to the improved visualization.

Editor scripts are a tool for improving Unity even further. These scripts are not
intended for the runtime of the engine, but instead focus on the editor. Using such
scripts, the user interface of the editor can be thoroughly adapted to one’s needs,
including adding new menu items, panels and drawing additional information in the
3D viewport. Using editor scripts, the interface can be adapted to be well suited for
entering the data required for serious games.

Apart from scripts for extending Unity’s functionality, plugins in the form of
pre-compiled code can be used to extend Unity. One common scheme is to handle
the integration of the plugin as an editor script and to have the plugin functionality
in a dynamically linked library, which can offer more performance and protect the
source code of the plugin. Furthermore, Unity can be connected to Web services,
which allows content to be loaded from sources on the Web, or to move costly
computations to a Web service.

Unity 3D Use Case
This use case utilizes Unity in the production of a serious game for training
new employees in an international company, and is analyzed based on the
previously described functionality of Unity 3D.

The goal of the game is to inform new employees of the company’s vision
and specific company policies and procedures (e.g., how to book a trip via a
travel agency). For this purpose, players are placed in a 3D version of the
company headquarters, which is populated by content markers with which
the players can unlock new information.

The graphical content of the game is built in 3D modeling software and
imported into Unity as a set of assets. The serious purpose of the game is
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being taken care of, since the virtual world is modelled to represent the real
world location as closely as possible.

In this case, serious game content is primarily content markers with the
associated learning content. For these markers, a new component is created,
which has custom properties for specifying the associated content, e.g., from
which area the content comes from (i.e., corporate vision, management
processes) and which URLs in the company intranet can be visited to find
more information. This information can be easily added using the inspector
tab in Unity.

To generate a map for players to help them find all content markers, an
editor script can be created that will export an image of the game sur-
roundings from above, highlighting content marker positions.

For maintenance purposes, the content of the game should be changeable
after the game has been released (e.g., by changing the URLs when they
change or become invalid). Since Unity has a relatively complex user inter-
face even when using custom components and inspectors, we can opt to
instead build an alternative interface as a stand-alone application. This is an
example where maintenance of a game is simpler using a specialized tool
instead of the authoring tool. The configuration of the game is written to an .
xml file that is placed on the server the game runs on. A good pattern for
implementation is to have the Unity game ask the embedding web page via
JavaScript where the .xml file can be loaded from. Then the game loads this
data and fills the components with the loaded data. In this way, the game can
be moved to any other web server, and is not closely tied to a hard-coded
URL of the .xml file.

4.5.4 Example: StoryTec

StoryTec (Mehm et al. 2013) is an authoring tool developed explicitly for the
creation of serious games. As the name implies, StoryTec is geared towards projects
that feature some kind of narration—but it can also be used for other purposes. This
authoring tool is composed of an editor and a runtime engine. A game is created in
the editor by aggregating all assets that have been created for the game and by
combining them to form an interactive game. The finished game can be exported for
a multitude of platforms. Figure 4.7 shows a screenshot of the user interface of
StoryTec.

A game in StoryTec is built up in a similar way as a movie or a theater play. The
basic unit is a scene. This metaphor has been chosen since in other narrative
contexts, a scene is a smaller part of a larger experience, which is coherent when
concerning actors, props, and stage setup. In terms of a game, this means that
important properties define the scene—mainly the assets that are used in the scene.
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Scenes can be nested inside each other. This is similar to an act in a play: For
example, all the scenes in the act (common parent scene) share the same back-
ground. In game terms, this is comparable to a level. Objects in the scene such as
images, buttons, characters, or non-visualized objects such as timers are placed in
each scene. Nested scenes all share the common objects of a common parent scene.
This is useful for establishing a common background in all scenes or for adding
user interface elements that should be visible everywhere. Figure 4.8 gives an
example how the game model of StoryTec can be visualized.

Scenes can be connected by transitions. In the editor, transitions are visualized
as arrows that connect a start and end scene. These arrows can be easily drawn,
changed, and removed. While a transition indicates that the two scenes are con-
nected, it does not mean that the transition will actually be used in the game. For
example, if the game is branching, several transitions leave one start scene, and the
players might see only one of the branches during a play session. Furthermore,
opposed to common forms of theater and movies, games are interactive and usually
progress only when the player interacts with them. Therefore, transitions have to be
triggered by the game.

The mechanism for triggering actions such as a transition between scenes is
handled in StoryTec using a visual programming language. In such a language,
instead of writing programming code, users manipulate a visual diagram which
shows how the program works. In StoryTec’s game model, such a program can be

Fig. 4.7 The user interface of StoryTec. The Story Editor in the lower left part visualizes the
overall game model, while the Stage Editor in the upper left part allows authors to change
parameters of one scene interactively
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attached to many important events (stimuli), such as when the player makes an
input or when a timer runs out. The simplest action would be to change the current
scene. With only this functionality, one could already create interactive comics by
adding clickable hotspots to images and handling the clicks on the hotspots with
transitions to other scenes with appropriate comic strips. However, StoryTec offers
many more actions, including: Playing audiovisual content, starting and stopping
timers, changing properties of objects (e.g., showing or hiding user interface ele-
ments), and more.

In order to handle different states of the game, users can select between different
branches of action sequences in a tree-like structure. In this way, one visual script
can react to different user inputs or adapt itself to the current state of the game. For
example, if the player already failed several times at a task, the author can add a
condition that chooses a sequence of actions that includes hints for the player to
help him or her with the current problem. Conditions are formulated using Boolean
logic, again in a visual fashion by visualizing the individual slots where something
can be changed (which variable to use, which operator to use) and how the indi-
vidual terms are bracketed. The lower part of Fig. 4.8 illustrates such a program.

Fig. 4.8 The game model of StoryTec. a Scenes connected via transitions. b An ActionSet,
indicating what actions should be carried out by the game in response to a user input (stimulus)
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After an author has finished creating the game, it can be exported to various
platforms. For this purpose, the game is always written to an XML-based format
which encodes the game model. This file is then parsed and interpreted by a game
engine when the game is played. This game engine is based on the Kha engine (http://
kha.tech/), written in the cross-platform language Haxe (http://www.haxe.org).
By using this approach, all code for handling the game model can remain the same
across all platforms. The only changes to the code are to cater to specifics of a target
platform, by implementing the necessary calls to APIs such as the graphics API (e.g.,
DirectX or OpenGL) or other platform APIs. However, authors do not have to work
on this apart from choosing the target platform.

StoryTec has been designed with serious games as a major focus. This has
influenced several decisions for the workflow of authors.

Adaptation. Games created using StoryTec can be adapted at runtime to the
specifics of the player. For example, if a player is constantly underchallenged due to
having to repeat content they already learned, the system can skip parts and choose
other, more appropriate. For this purpose, two mechanisms are important:

First, by using player modelling, a computational model of the player’s char-
acteristics has to be found. This player model is based on the narrative game-based
learning object model (NGLOB) (Göbel et al. 2010, see also Chap. 7) which
includes traits concerning the narrative of the game, the player model and the
learner model of the player. This model starts out in a neutral state and needs to be
updated while the player is playing the game. This is triggered by authors, who can
add actions which update the player model as appropriate to the game. For example,
if a player takes very little time on a task, the probability that he or she has fully
understood the underlying principle is very high, which means that the game can be
adapted to become more challenging.

Second, this adaptation is done in the following step, in which the appropriate
content for a player is chosen. In this step, StoryTec introduces free transitions,
which are an extension of the transitions described above. If an author places
several free transitions between scenes, this indicates that the scenes are connected.
However, it also marks the target scenes as equivalent in the sense that they all
make sense as a next scene, and different in the sense that they are differently suited
to various player models. When a player input indicates that the scenes should be
left, the author triggers an action that chooses one of the connected scenes, based on
maximizing the fit between the current player model and the target scene’s model.

In practice, this system can be used in various ways. A common pattern is that
the tasks in the beginning of the game are used to assess the player model—since in
the beginning, nothing is known about the player. As the game progresses, the
systems understands the player better and better, and therefore can make more
adaptive choices. However, each decision can still influence the player model even
in the later stages of the game.

Domain-Specific Modes. In situations where several authors are involved in the
creation of a serious game, it is important to provide each author with an appro-
priate interface to use. For example, in a larger production, one author might be
primarily concerned with entering the gameplay using the authoring tool, while
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another author might be a domain specialist who cares primarily about
domain-specific properties. These might be vital parameters for a game for health,
or learning content for an educational game.

In StoryTec, this need for appropriate interfaces is based on the game model. All
attributes of an object or a scene can be tagged as being appropriate or inappropriate
for different author groups. When an author chooses their role after starting the
authoring tool, all the properties that are not relevant for this role are hidden and the
interface therefore made simpler.

Interaction Templates. It is not an easy task to provide authors with the pos-
sibility of creating non-trivial games while simultaneously not requiring program-
ming using a conventional programming language. One method to provide
gameplay possibilities to non-programmer authors that are too complex to be
programmed using a visual programming language is to provide interaction tem-
plates. These templates provide a certain kind of gameplay when they are used.
They are encapsulated, and only provide a small set of configuration parameters for
authors. In practice, they are used in the same way as an object in StoryTec is used.
One simple example is the “puzzle” interaction template of StoryTec. This inter-
action template realizes a puzzle created from an image that the author provided.
The image is cut automatically into parts; during runtime, pieces can be dragged
and dropped into position using either a mouse or a touch device, as appropriate.
The whole game logic is contained in the interaction template; the author only has
to provide the image that is used as the basis for the puzzle, and specify the
reactions of the game to the events that the player solved or failed the puzzle after a
certain time.

4.6 Summary and Questions

Using authoring tools in a serious game project offers advantages—especially in the
areas of cost efficiency, automation, and author support. Tools are able to provide
different views on the game project for different author roles and enable these
authors to become more productive. Moreover, they can provide feedback (e.g., via
completeness checks or dead end testing) to the authors. As serious game projects
are inherently interdisciplinary, there is no single author. Thus, tools are particularly
helpful as they can support the collaboration of multiple authors and the integration
of their contributions in one game system. Often, not a single tool is used; tool-
chains have to be conceived. As a result, the tools reflect the authoring process and
structure for the creation of serious game software. When creating the authoring
process of an individual serious game, it is worth considering fundamental
methodologies generally used in interactive software. Here, user-centered design
highlights the necessity for iterative process models that strive for continuous
testing and evaluation of the serious game while it is produced. The insights
gathered during evaluation are fed back to the revision of the game in the next
cycle. Second, agile software development techniques are suited to serious game
development, as they provide flexibility to react extensively on evaluation and
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playtesting results. They also offer mechanisms to cope with the uncertainty
inherent in serious game development due to lack of experience.

Check your understanding of this chapter by answering the following questions:

• What are the categories that can be used to describe authoring tools?
• What are the basic authoring tool mechanisms that most authoring tools share?
• What are advanced author support mechanisms that are included in some

authoring tools?
• How can user-centered design be reflected in an authoring tool?
• Search for other authoring tools for game development. GameMaker:Studio is

an example of an authoring tool (it can be found at http://www.yoyogames.com/
studio). Compare Unity and the authoring tool you found. Name criteria for the
comparison that are of special importance in the case of serious game
development.

• How does a method from software engineering such as scrum shape the
authoring process of a serious game?

• What other software engineering concepts might be suitable for serious game
development?

• Which features could an authoring tool for serious games offer in order to
support agile software development techniques?

• Examine an authoring tool that has not been described in detail in this chapter
(such as Blender, Unreal Engine, Game Maker, Storytelling Alice, or
E-Adventure) and analyze it in terms of the categories described in Sect. 4.2.
Describe the game model that the authoring tool uses, and how it is presented to
the authors. Is the authoring tool especially suited for serious game authoring? If
so, what features are well suited for serious games?

Recommended Literature1

Gibson J (2014) Introduction to game design, prototyping, and development: From concept to
playable game with Unity and C#. Addison Wesley—this book is an example of books that
explain game development by sticking closely to a general-purpose game development tool. In
this case, Unity is used but there are also similar books available that use other game
development software (e.g., the unreal engine)

1For game development tools, online materials are also of interest. For instance, Unity is widely
used in professional and amateur projects, and therefore a multitude of free online resources for
learning and getting help exists. The tutorials provided on Unity’s homepage (http://unity3d.com)
are a good starting point.
No single conference or journal dedicated primarily to authoring tools for games exists. Research
on serious games’ authoring tools is often published in outlets for serious games, such as the
International Journal of Game-Based Learning, Game Days, or the European Conference on
Game-Based Learning
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in agile software development techniques and how they can be applied to game development in
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Lightbown D (2015) Designing the user experience of game development tools. Apple Academic
Press Inc.—an interesting read for persons who want to provide authors with custom-tailored
tools
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5Content and Content Production

Florian Mehm and Benjamin Guthier

Abstract
Once a game design has been created and production begins, a game development
team’s two main activities are programming and content production. While a
relatively small, experienced programming team can provide the necessary
support for a state-of-the-art game, an art department and other departments have
to produce the game content. In this chapter, we examine the production of
content, including an analysis of what kinds of content exist in serious games,
technical implications of the different kinds, and content production management.
We also provide an introduction into procedural content generation, i.e.,
techniques to produce content algorithmically. Finally, we provide considerations
for integrating serious content, and how the integration should be reflected in the
organization of the overall game production.

5.1 Overview

In this chapter, we examine the content of serious games and the production pro-
cesses behind it. We look at content not from the perspective of game design (that
was done in Chap. 3), but rather from the perspective of all the content produced
based on the game design. This includes all elements of the game that can be seen
or heard: 3D models, images, sounds and user interface elements, as well as content
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in other forms, such as task pools for educational games, or dialogue structures for
games with character dialogues.

Looking closely at the content of serious games is warranted by the large
influence the content has on the effect of a game on the player. Even if the game
design has a certain intended effect, this effect can be changed considerably by the
content. For example, the way in which content is produced influences the realism
of the game, varying from abstract, to cartoon-like, to photorealistic. If content is
produced without a clear art direction that pulls everything together, the game can
appear cheap, as if it were pulled together from different sources.

Closely connected to this aspect is the associated cost of producing game con-
tent. In general, photorealistic content is the most expensive one, requiring state-of-
the-art content generation tools and specially trained artists. For example, current
physics-based game engines reach their level of photorealism by using 3D models
and textures captured from reality using photogrammetry, thus requiring artists to
capture the materials from reality. In contrast, a flat-shaded cartoon look can be
achieved much more easily and less costly.

Similarly connected is the associated need for a state-of-the-art game engine and
hardware. Especially for serious games that are not only played by well-versed
gamers or company employees who have high-performance hardware at their fin-
gertips, it is necessary to include older or mobile hardware that is not capable of
running the latest game engines with all their features. The level of content quality
and realism also has an effect on how broadly the game can be distributed and used.

Not only the content itself, but also the way in which it is produced, has an
influence on the game’s quality and cost. If production is not well managed,
required content might be completed too late, priorities might be given to the wrong
content, and content might need to be recreated as it does not fit with the rest of the
game. Especially if this is found out in the later stages of game production, it can
result in costly additional work. Therefore, managing the content production is an
important topic that will also be considered in this chapter.

In game development, an individual piece of content is often referred to as an
asset. For example, game engines such as Unity 3D use this term for any piece of
content that is imported and then managed by the game engine. An asset can also
refer to several pieces of content that belong together and are interrelated, such as
the 3D mesh, textures, and animation data that are connected to build an avatar.

In the following, we will first give an overview of all the types of content that are
usually found in a serious game. This is followed by a look at the game production
pipeline from a technical viewpoint, highlighting how different kinds of assets are
created, and what steps are required before they are ready to be loaded into the
game. Procedural (algorithmic) content generation as an alternative to manual
content generation will also be explained. We conclude our look at content in
serious games with an overview of content management and content integration in
serious games.
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5.2 Definition of Content

We begin by a definition of content. This definition is the same for serious games
and entertainment games. In both cases, it is common practice to separate the game
engine from the content of the game. The game engine consists of code written by a
programmer in a language like C++ that is compiled to run on the intended
hardware platform. It contains the core functionality of the game and encompasses
aspects like rendering, sound, player interface, and event processing. Details about
game engines will be presented in Chap. 6. While the game engine specifies how
the game data is processed, the content assets are what needs to be processed.

The content of a game consists of assets, often designed by artists. Examples
include avatars, houses, trees, other related objects, and sounds. At runtime,
the content is brought to life by the game engine.

Separating the game engine code from the asset data has many advantages.
Creating an entire game engine from scratch takes a lot of effort, and a team of
experienced software developers is required. If, on the other hand, the game engine
code is separated from the game content, a new serious game can be created by
reusing a suitable existing game engine and by only developing the content of the
game. Game designers and artists can thus focus on the creation of game assets,
while only a small number of programmers is necessary to adapt the existing engine
code.

In the following, we give an overview of the different types of content that can
be found in a serious game.

5.2.1 Triangle Meshes

Triangle meshes are the main method how the shapes of objects in a 3D game are
described. Every character, vehicle, or prop that we see in a game is modeled by a
large number of triangles that approximate its surface. If the triangles are small
enough, even round shapes can be approximated well. The reason why triangles are
so popular is because they are the simplest possible planar 2D shape. They also
remain triangles under most geometric transformations. The triangles themselves
consist of exactly three vertices: that is, three points in a three-dimensional space.
A vertex, on the other hand, is generally part of multiple triangles which all meet in
this particular point in space. A subset of the triangles in a mesh may be grouped
into a submesh according to common visual properties. Figure 5.1 shows an
example of a graphical object with its mesh representation and its submeshes.
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5.2.2 Materials

A triangle mesh only describes the shape of a three-dimensional object, but not the
visual appearance of its surface. All the necessary information on how to render a
mesh is stored as a material. Each submesh of a mesh can be assigned a different
material. For example, a character’s arms are rendered using a skin material, the
clothes use a cloth texture, and the tool the character is using has a wood material
assigned to it.

Closely related to the material is a shader program that runs on the graphics card
when the material is rendered. It calculates how light interacts with the material to
produce a color value for each point on the surface of the object. To achieve this
goal, materials come with a number of texture maps for various purposes.

Fig. 5.1 A graphical object as an asset: a mesh, b textured submeshes, c final object (from
Mildner et al. 2014)
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5.2.3 Textures

A texture is a raster image that is mapped to a mesh to add a more detailed structure
without increasing the number of triangles used for its representation. The elements
of a texture are referred to as texels to distinguish them from the pixels on the
screen. In its simplest form, each texel specifies the diffuse color value at the
corresponding position of the mesh.

However, textures do not always need to specify a color. They can also define
other surface attributes such as glossiness, transparency, bumps on the surface, or
the amount of ambient light that reaches the surface (“ambient occlusion”). In order
to map a texture onto a triangle, a two-dimensional (u,v) coordinate is assigned to
each of its vertices to define the triangle’s location in the texture. This process is
called UV mapping; the letters “U” and “V” denote the two axes of the 2D texture.
An example of textures is shown in Fig. 5.1. As an optimization step, a texture may
contain the same raster image in multiple resolutions, so that the appropriate texture
resolution can be chosen at runtime. This depends on the distance of the mesh from
the camera.

5.2.4 Animation

The process of animating characters or other objects differs greatly depending on
the number of dimensions. Animating 2D artwork is very similar to how traditional
cartoons are made, where each frame of an animation is drawn individually. In 3D,
skeleton-based animation is currently the prevalent technique. When the mesh of a
character is first created, it is built in a default pose, the so-called bind pose, usually
with outstretched limbs. Rigging is the name of the process both to create a skeleton
composed of virtual joints and limbs (vertices) inside the mesh and to bind the
mesh’s vertices to one or more joints. When the animator brings the mesh to life by
moving the joints into a new pose, the positions of the mesh vertices are auto-
matically updated to follow the motion. Moving only the skeleton into a new pose
and automatically updating the mesh is much easier than forming the mesh man-
ually for each pose. Virtual joints can even be rigged to a character’s face to model
facial expressions. The animator only needs to create the key poses for an animation
sequence. A smooth motion can then be created automatically by interpolation.

5.2.5 Audio

Serious games may contain a wide array of audio elements, from simple sound
effects to spoken dialog text and a full musical score. Ideally, audio clips have been
recorded without reverberation in a studio with sound-absorbing walls. In the game,
sounds are then rendered in a way that is somewhat similar to the rendering of
graphics: Echo effects can be added to reflect the size and the acoustic properties of
the current game environment, and stereo effects to simulate sound coming from a
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particular direction can be produced by adjusting the relative volume and delays
between the left and right channel. Multiple audio clips and metadata are usually
combined into a sound cue to achieve the desired sound effect. For example, the
sound of a chair that is pushed across a room starts with a short audio clip for the
onset of the sound, followed by another clip that is looped while the chair is in
motion, and finally a stopping sound with reverberation.

5.2.6 User Interface Elements

Graphical user interfaces are an important part of any game. The graphical elements
of a user interface, e.g., the buttons, checkboxes, and window frames are provided
as 2D assets to the game engine. If they are designed as vector-based graphic
elements, they can be scaled to arbitrary sizes; they thus work for many different
screen resolutions. Figure 5.2 shows an example of a graphical user inter-face
element.

This is also true for the fonts that are used throughout the serious game. All of
the user interface labels, tool tip texts, help texts, and all of the in-game dialogs are
textual assets. Usually, textual assets are stored in separate resource files that can be
exchanged to provide the content of the game in another language.

5.2.7 Miscellaneous Assets

There are many more types of content in serious games that cannot be covered in
detail here. Among them are the assets that are required for creating in-game cut
scenes like the parameters of virtual cameras, the motion paths for game objects

Fig. 5.2 An example for a graphical user interface element (from Mildner et al. 2014)
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(e.g., cars), and behavior scripts. Interruptions of the normal game flow help to add
more depth to the game.

In a similar fashion, different types of light sources spread out over the game
world, or particle effects for weather, fire, or various special effects can enhance
gameplay and increase motivation to keep playing the game. All of these assets are
provided as data to the game engine, and are thus considered content as well.

5.2.8 Combination of Assets

The majority of objects in a serious game are a mixture of multiple assets of
different types. A car, for example, may be composed of a triangle mesh with
sub-meshes, materials and textures that are attached to them, audio sources, and
possibly particle systems. Another example could be a character that consists of a
triangle mesh with materials, a skeleton with associated animations, voice samples,
and corresponding dialog text. Whenever an object is a composition of other assets,
this composition is stored as a reference with the game object for efficient reuse.
Instead of maintaining many copies of common materials, a single metal material
may be used for multiple metallic objects. Likewise, the same set of animations
may be used for multiple characters (e.g., avatars and NPCs) that share a common
skeleton structure.

5.2.9 Serious Content

As noted earlier, it is important that serious content and fun content are integrated
for a good serious game. By “serious content,” we refer to content that is both
specifically related to a serious game’s characterizing goal and essential to its
success. Very little content is exclusively found only in serious games and not in
entertainment games. Examples of such SG-exclusive content are task pools in
educational games and health or training parameters in exergames.

Since a serious game should integrate the serious purpose of the game in as
many aspects as possible, all created content should be examined for its suitability
for the purpose. For example, in an educational game where players learn about
history, the way the world looks (e.g., the architecture of houses and cities) as well
as how it feels (e.g., the way characters act) should be in line with historical facts.
For this reason, at all points during a game production, the inclusion of domain
experts in the content production process is important. Depending on the relevance
of each kind of content for the serious purpose, this could range from an initial
briefing of the involved artists and content creators by a domain expert to the
detailed involvement of domain experts during the content production process
itself. For example, for important assets, the production process could include a
review by a domain expert which an asset has to pass before it is included into the
game.
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5.3 Content Production Pipeline

When content is produced for a serious game the assets undergo a transformation
process, from their initial creation in a design tool until they are ready to be loaded
into the final game. This process is referred to as the content production pipeline.
An abstract view of such a pipeline is shown in Fig. 5.3. Artists first create game
assets using specific software tools (i.e., Photoshop or 3DS Max). Data is then
either exported into an intermediate format by a custom-made plugin for the tool, or
saved in a file format that is specific to the tool and then converted into the
intermediate format in a separate process. In the last step, the assets are optimized
and repackaged into platform-specific archives, where they are ready to be loaded
into the serious game. The software to export, convert, and optimize assets is often
implemented by the game developers in parallel to the actual game. It is important
to make sure that as many steps of the pipeline as possible are automated. Long
delays between asset modification and preview may discourage artists from quickly
and easily testing developed content, and may thus decrease the overall asset
quality. The following sections describe the steps of content creation, conversion,
and optimization in more detail.

5.3.1 Content Creation

The content is either created in commercially available software, such as Photoshop
or 3DS Max, or by using game-engine-specific tools such as a game world editor.
Whereas most commercial tools are specialized in the creation of a specific type of
asset (e.g., 3D meshes, textures or audio), the game world editor is the place where
all the different assets are brought together and integrated into the game environ-
ment. Game designers use the game world editor to shape the terrain with water,
hills, and walls, and they place props like trees, buildings and furniture into it. Some
game world editors use the same rendering engine as the game itself, thus allowing
artists to preview the appearance of their work. In addition to placing assets into the

Fig. 5.3 Overview of the content production pipeline
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game, world editors can also be used to both create new game objects as a com-
bination of assets and adjust their properties.

The game world can be further enhanced by adding conditions to it that trigger
scripted events, with the goal to create interesting and playable surroundings that
guide the player during gameplay and control their pace.

Early in the development process, the game designer needs to decide whether to
create a 2D or a 3D game. This decision affects the majority of game assets and
determines the required tools and skills. Examples for graphical assets in a 2D game
are animated sprites, layered background images, and sets of 2D tiles. They must be
designed and then drawn for every frame of an animation. When creating an
animated character sprite, it only needs to look good from exactly one viewing
angle in exactly one pose at a time. In contrast, a 3D character is created by first
modeling the 3D mesh, drawing and mapping a texture onto it, creating and binding
the skeleton, and finally animating it. A 3D character needs to look good from all
viewing angles, under differing lighting conditions, and in a multitude of different
poses. It can be said that asset creation generally takes much less effort and is much
less costly in 2D than in 3D.

5.3.2 Exporting

Once the assets are created, they need to be transferred into the serious game. Most
content creation software comes with its own dedicated file format that supports the
rich features of the tool. They store many pieces of additional information, such as a
history of applied effects, specific settings or layer information that is helpful for
later editing. A lot of this data is not required for using the asset in the game. In
order to reduce the file size and to simplify further processing, the assets are brought
into a specific intermediate file format. This format helps to reduce the complexity
of the content production pipeline and serves as a common ground between the
diverse formats in which content can be created and the target format that is
optimized for the game engine. The conversion can be done either by implementing
a customized plugin to export the asset directly from the tool, or by building a
converter between the tool-specific file and the intermediate format (see Fig. 5.3). It
is possible to implement correctness and consistency checks into the conversion
tools that test for proper texture resolutions, vertex counts, etc. The conversion is
driven by metadata that controls aspects like the type of compression, the range of
an audio file or the tessellation parameters for meshes. For instance, a game that is
played on a mobile device with a four-inch display will use other tessellation
parameters than a game that is played on a game console connected to a 46″
television set with full HD resolution. Different asset types like meshes, materials
and animations that have been created together may be broken up by the converter
into individual files, while references between the files and information about their
interdependencies are maintained.
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5.3.3 Optimization

From the intermediate file format, assets undergo further processing before they are
ready to be loaded into the serious game. The goal is to bring them into a format
that is memory-efficient both on disk and in computer memory, fast to load into the
game, and efficient to process at runtime. During the development process, runtime
and memory efficiency can be traded off for faster processing of the pipeline to ease
debugging.

In the final version, runtime efficiency is improved by optimizing the assets. For
example, costly lighting effects like global illumination, static shadow maps, or
ambient occlusion can be pre-rendered into textures inside the asset pipeline to
increase the frame rate during gameplay. Other good candidates for such a
pre-calculation are different levels of detail for meshes and textures, or pathfinding
information for a map. If assets are large and meant to be streamed from disk at
runtime, they are brought into a format that supports streaming. Examples for such
large assets are background music or a narrator’s voice recording.

Another observation is that if the file structure already closely resembles the
memory layout, less processing is required when loading assets into the game. As
an example, the order in which vertices of a mesh are stored in memory may be
arranged in a way that maximizes cache hits, or textures may be converted into the
compression scheme used by the graphics card. Such optimization strategies are, of
course, platform-dependent, so different techniques may be used for different target
platforms.

The last step of asset optimization is packaging. A serious game is composed of
a sizeable number of individual assets. Storing them as individual files would
drastically increase seek times when loading them from disk. Therefore, multiple
assets are combined into a single archive that may optionally be compressed or
encrypted to prevent reverse engineering. Archive files are created in a way
ensuring that assets that appear at similar instances in the game, e.g., all props in a
level, are packaged together. It is also desirable to separate all language-specific
assets (e.g., text and spoken dialogs) to simplify availability of the game in different
languages.

5.4 Procedural Content Generation

Procedural content generation (PCG) refers to a set of techniques for creating game
content using algorithms with different levels of automation and randomness (see
for example Togelius et al. 2011 and Green 2016). In Shaker et al. (2015) the term
is defined as follows:
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Procedural content generation means the algorithmic creation of game
content with limited user input. In other words, PCG refers to computer
software that can create game content on its own, or together with one or
many human players or designers.

As an initial example from the domain of serious games, we examine an exercise
pool of mathematical tasks, such as a series of addition tasks like

5þ x ¼ 7 ! x ¼ ?

The concrete task can be seen as an instance of a class of mathematical exercises
that could be described as “compute the second operand in an addition with integers
in the range of 0–10.”

If we want to create a game that features such exercises, we would like to have a
large pool of them to increase re-playability and to keep the challenge high—all of
that aiming to keep the player in the flow. One way of achieving this would be to
ask a human author to create a set of such problems. However, this would be a very
repetitive task for the author, and it would increase the effort for producing the
game since authors are bound building exercise pools. Instead, we could formulate
a general rule which can generate all the exercises in this pool when applied
systematically, such as

find x; y 2 N with xþ y\ 10

This expression could then be evaluated by the game at runtime, and each time, a
new exercise is generated.

This little example shows several properties of procedural content generators.
First, in order to generate content procedurally, we need to be able to describe the
class of objects we want to generate, for example mathematical formulae or suburbs
of a big city. When we have found a good way to describe this class (i.e., math-
ematically, as in the example above), our generator will be able to generate all
instances of this class of objects. We find this aspect in Fig. 5.4 in the form of
parameters that influence the procedural content generator.

The second factor is randomness. Instead of enumerating all instances in a sorted
order, the generator can create instances using choices. In the example above, the
values of z and one of x or y could be drawn randomly, resulting in a new set of
numbers each time. This property can help in many ways; for example, it increases
the interest for a human player since the next instance cannot be predicted. As
human players are very apt at spotting repeating structures, the result of a ran-
domizing procedural generator often looks more natural than one that always
generates the same pattern.
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Note that randomness is not a defining characteristic of procedural content
generation. In many contexts, full randomness is not a desired property. For
example, if the result of procedural generation could be offensive or not suitable for
the target audience (such as a random name generator generating offensive names),
developers might want to manually check the result or define constraints for the
content generation.

Finally, the amount of human interaction can be as little or as much as required.
In games such as Minecraft (Duncan 2011), the procedural generation is done
before the game starts, allowing players to only interact with the result of the
generation. On the other hand, generators used in content production tools will
usually expose ways of interacting with them, i.e., by allowing an artist to change
the automatically generated 3D model of a terrain and then letting the procedural
generator make another refinement pass over it.

5.4.1 Basic Methods of Content Generation

Even the most intricate procedural generators can be broken down into basic
algorithms that are combined to produce new content. In this regard, the procedural
content generation community has brought forth a classification of procedural
generators: teleological versus ontogenetic. The former refers to approaches that
create an accurate model of a natural phenomenon and model it in a realistic
fashion. For example, terrain generated using this approach might use a model of
tectonics or volcanic activity to generate mountains, and then erode them using
simulated water flow. On the contrary, ontogenetic generators are built with the
final outcome of the process in mind; they try to find ways how to generate this
result in an efficient way. An ontogenetic terrain generator might use a noise
function such as Perlin noise (Ebert et al. 2002) to generate terrain point heights
semi-randomly, which results in a natural-looking terrain.

The basic algorithms for content generation are often concerned with creating
patterns or classes of objects that have some degree of randomness and structure at

Fig. 5.4 An overview of PCG input and output in the content production process
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the same time. For graphical content, this can mean visual patterns. Simple patterns
could be grids of simple objects such as polka dots, rectangles, or similar shapes. To
bring more randomness into such patterns, individual copies of elements can be
varied, i.e., by randomly offsetting their position and orientation.

In a broader sense, a formal grammar can be used to generate objects of various
kinds in such a fashion. For example, a grammar has been successfully used to
create 3D models of houses based on steps that lead to realistic blueprints, walls,
roofs, etc. In the field of virtual botany, L-systems (Prusinkiewicz and Lindenmayer
1990) have successfully created 3D models of trees, plants, or bushes by specifying
the plant growth processes in the form of grammatical rules.

While graphical objects are among the most researched PCG areas, other areas
of games have been created as well. For example, music can be generated from a set
of different musical samples, combining them with a grammar specifying which
samples can follow each other (Collins 2008).

5.4.2 Best Practice for Procedural Content Generation

While PCG can speed up game production (and make it feasible in the first place for a
small team and budget), it needs to be handled with care. In order to create an object
procedurally (be it logical such as a game rule, or a multimedia object such as an
image), the content needs to be understood well. Furthermore, team members
working on the procedural content—including programmers, designers, and artists—
need to be aware of the needs and the complexity inherent in PCG.

For example, artists might not create individual assets by themselves, but gen-
erate parts that can be recombined procedurally to create assets. This requires them
to understand the procedural generator’s workings to the point where they know
how the input components should be built.

The more content generation is done automatically, the less predictable the end
result can be—especially if several PCG systems interact. For example, if one
system generates a terrain and another system generates vegetation based on the
terrain, a small change in the terrain system can lead to very different vegetation.
This could also lead to bugs that are not easily found since no tester is continually
testing the PCG systems. In such a case, it is best practice to add as many visu-
alization and debugging options to the game as possible. For example, the
PCG-driven game “No Man’s Sky” (Duncan 2015) features a procedurally gen-
erated galaxy populated with a very large number of planets that can all be visited.
Game developers created AI-driven drones that visit planets randomly and try to
find errors in the PCG algorithms. They also take snapshots so that the developers
can get a feeling for the effects of changes without having to play the game.
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5.4.3 Examples of Procedural Content Generation
in Serious Games

So far, a major field of research for PCG in serious games has been that of scenario
generation. Scenarios of any kind, from triage situations for first response rescue
teams to classroom situations for teachers, have been created procedurally. The
focus on this field is understandable, as serious games can benefit from scenarios
that are not repeated (in order to raise the re-playability of the game). Also, sce-
narios can be made adaptive to the players, i.e., they can be created to best suit the
player’s knowledge and skill. Lopes and Bidarra (2012) provide an overview of
challenges and current solutions in adaptive serious game scenarios.

Few serious games have explicitly been created exploring the interplay between
PCG and the characterizing goal. One example is the game GRACE (Smith and
Harteveld 2013) which is intended to teach players the usefulness of computer
science. To this end, it features the 2D version of a house with an individual
blueprint for each player. The intended learning goal is about minimal spanning
trees, a structure in computer science that optimally connects all points in a plane
with a tree.

5.5 Content Management

Since content is a major part in the production of a game, it is important to carefully
plan and manage content production. If the production process involves several
team members, or parts of the production are outsourced to external studios, it is
especially important to always keep an overview of the current state.

During the course of a game project, the development team often defines
intermediate game versions as production stages. A typical example is found in
Fig. 5.5.

Fig. 5.5 The phases of a game production. Based on Cohen and Bustamante II (2009)
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Another example of such intermediate game versions is from Bates (2004). He
distinguishes the following nine phases:

• Concept Development
• Preproduction (Proof of Concept)
• Development
• Alpha
• Beta
• Code Freeze
• RTM (Release to Manufacture)
• Patches
• Upgrades

During preproduction, the produced content is not used directly in the game.
Rather, concept artists work on generating main ideas for the game and establishing
its artistic style.

In the production/development phase, the actual content of the game is created.
In order to be agile and to test content early, some studios establish early phases in
which temporary placeholder content is created in order to establish the overall size
and composition of the game, and to test other subsystems such as movement or
physics, which can already work on this placeholder content. In some cases, this
phase is referred to as a “white” or “gray box” phase, since the placeholder assets
are not textured and thus only feature a white or gray material.

During the production phase, the workload of creating the content of the game is
often distributed to many content producers, including external studios or free-
lancers. Especially in the latter case, the organization of the content production
process is essential. This includes

• Naming conventions: Naming assets should allow one to identify the type and
intention of each asset. For example, it could include the type of asset, e.g.,
texture or mesh, as well as information about its usage and context.

• Versioning: To be able to return to earlier stages and to have a backup system, it
is useful to employ a versioning content management system. Often, this ver-
sioning system is separate from systems used for code management such as GIT
or Subversion. These systems often do not perform well for binary data, which
is the type most game content is stored in. Instead, versioning tools designed for
binary files are often used, such as Perforce (2015).

• Review process: To enforce parameters such as consistency with the art
direction, performance values such as the polygon budget for a specific asset or
the consistency of the asset with the serious purpose of a game, a review process
is often in place during content production. This process includes information
about the person responsible for the review and what the possible results of the
review are (rejection of the asset, what changes have to be made, etc.).
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In larger teams, the work is often organized hierarchically, with a lead artist at
the top of the hierarchy and department heads at intermediate levels. In practice, an
asset (e.g., a 3D mesh) will be given to an artist as a task. This artist works on this
asset and provides a version to the supervising artist. This is ideally done using a
content management tool, automatically backing up files and managing the revision
and comment process. If everything about the asset is in compliance with the
art/content direction of the game, it is approved and finally integrated into the game.

5.6 Serious Content Integration

An asset in its final version will be integrated into the game. In addition to the
technical background of this step, we will examine the design implications and how
they relate to authoring tools and game editors.

For serious game content, i.e., content that is connected to the characterizing
goal of the game, special care has to be taken of this content’s integration. The
major challenge is to integrate content in a manner coherent with the game’s
purpose, its setting, and other elements. For example, many educational games are
plagued with a dichotomy between learning elements and gaming elements. Often,
the two elements hardly overlap. Instead, players are “rewarded” by the fun game
content when they have learned enough in the learning part of the game.

Furthermore, even if the two areas overlap, care has to be taken that the
coherence of the game is not destroyed by the serious content. For example,
teaching sailing techniques using a pirate setting with sailboats as a natural part of
the narrative would be quite fitting; however, answering questions about mathe-
matical geometry or calculus related to such a setting might not be a good fit. While
these topics are primarily solved at the design stage, they have to also be recon-
sidered during the content production workflow. For example, if a 3D asset has an
educational value for the game (e.g., a sail for a boat), the artist working on this
asset has to be briefed on this value and be given guidelines—i.e., the sail does not
have to look good, but it needs to have the right shape and size to be usable for
real-world sailing.

For many serious game topics, game editors and authoring tools can assist the
authors in integrating the serious content (see Chap. 4). Usually, the serious aspect
of the game requires integrating the gameplay mechanics so that the characterizing
goal can be met, and it often requires content that has to be in a special format.
Consider, for example, an exergame in which the movement of a player is tracked
using a Microsoft Kinect, capturing the movement of the player’s joints. The
content to be integrated into the game is

• information about the target movement, to be given to the players,
• information for the game to assess whether the movement has been carried out

correctly by the player.
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Information about the target movement could be provided in different ways.
A video could be produced, where an actor demonstrates the correct movement.
This would entail costs for using an actor—but the result might be of high quality,
and the actor could be specially trained to do the correct movements only. On the
other hand, this reduces the versatility of the game, since each time a new exercise
is added, a new video would have to be produced. Another option would be to
create a 3D animation of a virtual character showing the correct movement.

Data about the correct movement could also be provided in different formats. If
the correct movement is the change between two poses, e.g., from standing to
squatting and back, each pose (stand, squat) could be provided as a configuration of
a virtual skeleton (similar to the way virtual characters are animated). The game
could then measure the difference between the target motion and the captured
motion of the player. Another option could be to let a domain expert (a trainer or
physician) determine the correct range of certain joints in the body (e.g., “the elbow
should be bent between 70 and 80 degrees”).

Molnar and Kostkova (2013) have investigated the basic question of whether
educational content presented via text or via content embedded in the game
mechanics was more effective. Unfortunately, they could not show a clear result for
the games they studied.

Ryan and Charsky (2013) draw upon a study conducted with game designers for
serious games. Their first finding is the idea of using “boss levels” to reinforce or
consolidate the learning goals. Traditionally, boss levels have been challenges
placed intermittently in games where players are challenged beyond their current
level. The boss level embodies all the challenges players have already encountered
until this point and more. Apart from solidifying the challenge in such a way,
participants also underlined the need for repetition of important serious concepts of
the game.

Wendel et al. (2011) outline the following points for successful serious games:

• Define the serious game purpose and the target group.
• Based on the serious game purpose, the target group, the target group’s age, and

the desired gameplay, decide which game genre to use.
• Decide on the desired degree of realism.
• Decide which parts of the serious game content may be integrated in active

elements and which ones in passive elements.
• Define how the evaluation of the game will be performed (e.g., by logging).
• Define the methods of feedback and if a game master is reasonable/helpful.
• Decide how the degree of difficulty can be adapted to the players’ capabilities.
• Decide what other adaptation and personalization algorithms fit best for the

game.
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5.7 Summary and Questions

In this chapter, we have examined game content and its production, with special
attention on serious game content. As we have seen, game content and its pro-
duction is a wide field—requiring artistic talent and craftsmanship, as well as
coordination and management. Only if all those elements come together, a suc-
cessful serious game can be created. We want to point out that people, especially
those from an engineering or computer science field, often underestimate the
importance of this area. As current successful game productions show, the content
production departments are those that have grown the most, while programming
teams have only grown moderately. Without a well-defined production process and
a thorough understanding of the specific needs of the serious game, the content will
not optimally support the purpose of the game.

In order to check your understanding of this chapter, choose a (freely available)
serious game and analyze what kind of content this game features. Specific ques-
tions to ask include the following:

• Is the content coherent? Does it look and feel like it has been created in a holistic
process, or does it appear to be cobbled from different individual sources?

• What is the content’s naturalism? Is it photo-realistic, cartoon-like, or is there a
mixture of the two?

• What content is influenced by the serious purpose? In which way?
• Are the assets visible in the folder structure of the game, or are they packaged

into archives? Can they be opened and viewed with external software?
• Why do asset files need to be converted before importing them into the game?
• What are the typical phases in a game production process?
• What are the basic principles of procedural content generation?

Recommended Literature1

Chandler H (2008) The game production handbook. Jones & Bartlett Learning. For readers
interested in the practical side of game production, we recommend this book, which covers the
entire process of game production. Furthermore, the books by Bates (2004) and Cohen and
Bustamante II (2009) are suggested

Shaker N, Togelius J, Nelson M (2015) Procedural content generation in games: A textbook and
an overview of current research. Springer, Berlin/Heidelberg The “PCG book” is a
compilation of research topics on procedural content generation. This thorough summary of
the topic is available for free on the website of the book, http://pcgbook.com/, and is highly
recommended reading in this field

1The PCG community has as one of its main meeting points the Workshop of Procedural Content
Generation, usually co-located with the Foundations of Digital Games conference. Other
conferences with a strong PCG influence are the IEEE Conference on Computational Intelligence
and Games (CIG) as well as the AAAI Conference on Artificial Intelligence and Interactive Digital
Entertainment (AAIDE).
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Harteveld D (2011) Triadic game design—Balancing reality, meaning and play. Springer,
Berlin/Heidelberg. Concerning the requirements of serious game content, we refer the reader
to Chapter 3, “Reality” of Harteveld’s (2011) Triadic Game Design, in which the author
examines the properties of serious game content in more detail
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6Game Engines
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Abstract
From a technical perspective, a game engine represents the basis of a game,
providing the functionality for optimized and efficient graphic rendering, file
system access, player input via devices such as keyboard and mouse, sound
playback, and networking—as well saving and loading the game state. Game
development studios realized that reusing software is not only the way to make
the development process more efficient, but that it is also important to free
developers from the tedious tasks of merging graphics, sounds, and storytelling
“manually.” As a result, many software tools were written, adapted, and
packaged with the runtime game engine, providing easy-to-use editing facilities
and allowing collaboration in large teams in the development process. In this
chapter, we give an overview of modern game engine architecture and its
integrated modules. We also address the challenges game engine designers face
with respect to multi-platform development, extensibility to new hardware
devices, and a better integration of content designers in the overall development
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process. Usually serious games use game engines designed for digital games in
general; there are no specific game engines for serious games. Yet, it is important
to understand the general architecture of a game engine to find solutions for how
to best integrate serious aspects into a game.

6.1 The Architecture of Game Engines

Game engine architecture is a wide field, since there is not only one concrete path of
designing an appropriate base for arbitrary kinds of games. One of the most sig-
nificant differences is to either choose a static engine, which is written for a specific
game genre (e.g., a point and click adventure game or a strategy game), or to choose
a dynamic engine, which is independent of the game genre and the platform. The
latter type is frequently designed to be reused in other projects or to be publicly
offered to other teams to save them the development effort needed to write their
own engine (Tracy and Reindell 2012).

The analogy of a game engine and the engine of a car is frequently used in the
literature. Both take care of an uninterrupted, comfortable journey, and both do not
need to be seen or manipulated by the driver/the player at any time.

In the majority of today’s game engines, there is a reoccurring schema of modules
interacting with each other. Figure 6.1 provides an overview over those components.
It should be seen as a general reference, since there is neither a definition for a set of
standard components of a game engine nor an official specification what functionality
a game engine should provide. As Fig. 6.1 shows, modularization has been estab-
lished as a valuable concept for game engine design and programming (Lange and
Hammer 2014). Instead of hard-coding functionality—such as multi-platform sup-
port of gameplay elements—into the core layer, those modules are designed to be
easily replaced by new ones without touching other modules. The exchange of the
two most commonly used graphics APIs, DirectX and OpenGL, are a good example
for this modularization concept: A well-written rendering pipeline will allow
to replace DirectX by OpenGL—or conversely, to allow porting a game from a
Windows platform to Linux, Android, or iOS.

In the following subchapters we discuss the thirteen module groups of Fig. 6.1.

6.1.1 Hardware

The hardware layer at the bottom of Fig. 6.1 describes the physical machine the
game is running on. The hardware can be classified into four main subgroups:

• Handheld Devices: Pandora, PlayStation Portable, Nintendo 3DS, etc.
• Smartphones: Various Android and iOS smartphones and tablets
• Game Consoles: XBox One, Playstation 4, Wii U, etc.
• PCs: Various desktop and laptop PCs.
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Fig. 6.1 Game engine architecture

6 Game Engines 129



Consoles and handhelds follow a strict hardware specification, which is helpful
for development teams since the hardware differs only in minimal aspects (reso-
lution of a connected TV, version of the installed operating system, etc.) so that the
game’s graphic quality can be highly optimized, and the complexity of testing and
quality assurance is manageable. However, PCs and smartphones exist in a large
variety of configurations. They need extensive testing and quality assurance
throughout the entire development process.

6.1.2 Operating System

The operating system, with basic driver software, serves as the software platform to
run a game. Responsible for resource management, provision of services, and task
management, it acts as a core layer to interact with the hardware layer below.

In former console generations, operating systems were embedded into the game
itself (Gregory 2014), so that when starting the consolewithout inserting a cartridge or
CD, the screen remained blank. In today’s console game generation, the device
provides a “visible” operating system, enabling the user to download digital content,
listen to music, or watch a movie. This leads to the conclusion that a console can be
compared to a PC with a very strict hardware and operating system specification.

6.1.3 Platform Independence Layer

On top of the Operating System Layer resides the Platform Independence Layer. It is
responsible for detecting the underlying platform and offering the proper interfaces for
file system access, communication via the network, ormemorymanagement. The goal
of this layer is to provide a consistent and transparent view onto the main operating
system functions without the need for the game engine to know it. Figure 6.2 shows
the platform independence layer and its environment in more detail.

6.1.4 Third Party Libraries

Next to the Platform Independence Layer, a variable set of third-party libraries
support the core functionality of the game engine by offering sets of functions,

Fig. 6.2 Platform independence layer
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algorithms, and frameworks. As an example, Havok, PhysX, or ODE act as physics
engines. They provide functions to simulate fluids, joints, and rigid or soft body
mechanics. Since a physics simulation is supposed to behave similarly in any game,
it makes sense to package those capabilities in a separate library. Of course, the
physics behavior can be parameterized for changes, e.g., the world’s gravity, or the
angle of rotation of a joint. So, parameterization and adaptability are a core
requirement for third party libraries.

In addition to the physics engine, numerous other library types exist. Figure 6.1
names only a few:

• Audio middleware and multimedia libraries (e.g., FMOD, OpenAL)
• User interface frameworks (e.g., Qt, libRocket, SFML)
• Animation and modeling libraries (e.g., Granny 3D, Assimp)
• Graphics APIs (e.g., DirectX, OpenGL)
• Digital distribution platform APIs (e.g., Steam, Uplay, Origin).

Licensing plays an important role when using third-party libraries. Even though
a library might be freely available, credits or the license text have to be added in
many cases to the shipped product. License costs or license interferences (e.g., the
usage of a GNU Lesser General Public License library which is required to be
editable but the engine code itself is not published as open source) made some
major game engine developers rethink their strategy and implement components by
themselves. Examples include the animation system of Epic’s Unreal Engine
Persona, or Unity’s UI system.

6.1.5 The Engine Core

The central element of a game engine is the Engine Core, which is based on the
Platform Independence Layer and diverse Third Party Libraries. Also frequently
referred to as the core runtime, this layer maintains the engine’s state, handles the
scheduling via the frame timer, keeps the engine’s thread(s) alive, and manages all
interactions with other module groups like the graphics or input handling compo-
nents. All modules in the engine core are somehow game-related even if they seem,
at first glance, to be classic application programing interfaces. We now briefly
explain four of them as examples.

The debugging and logging module is frequently enhanced with functions to
print system states, or with other features that are not required in a common win-
dowed or command line application. Since the engine’s main loop is repeated at a
very high frequency,1 those logging functions would be called far too often so that
an engine logging framework needs a specific adaptation.

1An interactive game should run at a minimum frame rate of 30 frames per second (fps), ideally at
least 60 fps: “60 Hz, 30 hurts”. In a 3D game, even higher frame rates might be necessary since 3D
displays require different frames for the right and left eyes.
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The math library not only contains simple operators such as addition, subtrac-
tion, multiplication, and division of scalar values, but is also able to execute those
operations on vectors (mostly 2D, 3D and 4D) and on matrices. Furthermore,
advanced numeric functions such as splines are also supported.

The file reader is capable of parsing file formats for encrypted resource files,
including protected assets, 3D models or other game-specific data, as well as stream
data.

The memory allocation module is responsible for (pre)loading models, textures,
and sounds into memory to avoid lags during gameplay. Similar to a garbage
collector, modern implementations are able to determine if the diverse resources in
main memory will be reused again or can be purged. This ability is frequently used
in open world games, where levels are too huge to be loaded into main memory as a
whole. In the best case, an engine provides a functionality to load levels partially
from disk into memory and purge all the other parts that cannot be accessed by the
player in the current game state. As a result, there are no loading times—even if the
player moves quickly in an extremely large world—as the memory allocation
module automatically takes care of loading and purging game objects during
gameplay.

Next to those elementary modules, the following subchapters will provide a
deeper insight into two modules in the Engine Core group that are based on a more
complex concept. These modules play a fundamental role in game programming.

6.1.5.1 The Main Loop
A common practice in designing event-driven applications is to execute one single
loop that runs as long as the process exists. Inmany commonprogramming languages,
this loop is shielded from the user (e.g., Java orC#), in others it is clearly visible (C++).

A game is event-driven—but not in the common sense. An event can be a mouse
interaction with a user interface element, as known from classic applications, but it
can also be a collision of two racing cars or an interaction with an NPC (Non-player
Character). The difference between the first and the two latter examples is that only
the first is initiated by the user. The two latter events are raised by the game itself. In
fact, developers can freely create event types, depending on their needs and the type
of game.

The reason for these events is that a game requires frequent checks to determine
if something has happened that requires an immediate reaction. This is the reason
why many game engines still rely on one main loop. The most common events
that are processed by the main loop are user inputs via keyboard, mouse, or any
other input device, updates of game states, and rendering of the state to be shown on
the screen.

6.1.5.2 The Timer
Correct timing is at the heart of every game engine. All game motions must be
represented correctly with respect to time.
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We can distinguish real time (or wall clock time), game time, frame rate, and the
screen refresh rate of a game. Whereas real time proceeds irreversibly at a fixed
rate, the game time and the frame rate can vary. For example, the game time can be
slowed down when a game is tested, and an animation can even be tested stepwise.
The screen refresh rate depends on the display device: US television sets run at
30 Hz whereas European ones run at 25 Hz, and computer displays typically run at
60 Hz. For stereo vision, the screen refresh rate is often doubled: Two different
frames have to be computed for every frame time.

In older games, the CPU timer was often the only device determining the speed at
which motion was represented. The consequence was that a game developed for a
specific CPU would not run properly on a faster CPU. For example, when a player
representing a frog tried to cross a street with cars driving along, the cars would travel
so fast on a faster CPU that it became impossible for a player to cross the street.

In modern games, the game engine is responsible for maintaining the correct
timing, independent of the target CPU. A first step to do that is to define an internal
frame rate. The frame rate is the rate at which the CPU computes new (complete)
frames. The CPU has to perform a considerable amount of work for each new frame
to be shown: Moving objects have to be placed into their new positions, animations
have to be computed, and particle effects for waterfalls, fire, and fog have to be
computed. The relationship between the work to be done by a slow and a fast CPU,
resulting in different frame rates, is shown in Fig. 6.3.

The frame rate is variable because the amount of work to be done varies from frame
to frame. For example, if an explosion occurs in the game, considerable additional
computation is necessary: Yellow pixels spread quickly, many objects shake, and
smoke spreads out. The resulting amount of additional work is illustrated in Fig. 6.4.

The game engine guarantees that a reasonable relationship between the game
time and the frame rate is always maintained. For this purpose, it maintains a
variable often called frame time or delta time (Δt). Δt is the inverse of the frame rate
(or frame frequency). As shown in Fig. 6.4, the frame rate can vary depending on
the amount of work the CPU currently has to do. Thus, a moving average of the
frame computation time is often taken as Δt. When the game programmer specifies

Fig. 6.3 CPU load and frame rate on a slow and a fast CPU
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a moving object with speed v, and x1 and x2 are the positions of the object in frames
1 and 2 respectively, the object’s speed has to be multiplied with Δt to reach x2:

x2 ¼ x1 þDx ¼ x1 þ vDt

Δt is always available from the game engine as a global variable, and the game
programmer must use it for all kinds of motions.

If the game engine had complete control over the display device, it would simply
set the screen refresh rate to the internal frame rate, and the game would run
smoothly at a slightly varying speed. However, since our game is supposed to run
on various available devices, the game engine has to map the frame rate to the
display device’s screen refresh rate (e.g., 25 Hz). A feature of old CRT tubes is
often used to perform this mapping: the vertical blanking interval. On a CRT, the
screen was drawn line by line, beginning in the upper left corner. When the beam
arrived in the lower right corner, it was turned off and moved back to the upper right
corner; the time this took was the vertical blanking interval. Although modern
display devices do not use cathode rays anymore, this v-sync interval still exists.
The v-sync rate is the same as the screen refresh rate. Thus, to run properly on
existing display devices, the game engine has to synchronize its internal frame rate
with the v-sync rate of the current device: If a frame is computed in less time than
the v-sync interval, the CPU is put to sleep; if it takes more time the last frame is
repeated. This is illustrated in Fig. 6.5.

Fig. 6.4 Variable CPU load per frame

Fig. 6.5 Mapping the frame rate to the screen refresh rate
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On modern multiprocessor CPUs, game timing gets much more complicated
because each processor has its own clock. The details go beyond the scope of this
book; the interested reader is referred to the excellent book by Gregory (2014).

6.1.6 The Network

Games can be classified into local, single-player games and networked games.
A network layer only exists in networked games. It consists of procedures to
establish, manage and monitor connections between the game client(s) and the
game server. The responsibility for this task is mostly assigned to the Network
Connection and Session Management modules. Those two determine which net-
work protocol to use (e.g., TCP or UDP), whether there is an existing session the
player is connected to, and to which server the player wants to connect next. The
last task leads to the next module in the Network Layer, the Server Backend. This
backend runs on the game server only. It often consists of many threads handling
multiple player connections and game states. The reason for a dedicated server is to
have a reliable and static infrastructure for the game, storing the global game state.
Updates, i.e., player movements, are generated on the game client and communi-
cated to the server. The server communicates the global state back to the clients
periodically. The server is also responsible for resolving conflicts, i.e., when two
players shoot at each other at nearly the same time.

In general, tasks done on the server backend are of a logical nature; they deal
with the game’s state and not its graphical representation. The reason is to transfer
only the absolutely necessary information via the network to guarantee both a
consistent state for all players and a fluent gameplay. The following list names
operations that are computed on the server side:

• updating the position of objects in the virtual world
• checking for a collision of objects
• maintaining the global game state (current score, game paused, save player

skills, etc.)
• verifying that all clients are still connected.

On the other hand, the following list names operations that are typically pro-
cessed on the client side:

• model animation
• rendering objects
• particle effects
• sound generation.

The last module in the network layer refers to social platforms that might be
used to share achievements, game statistics or even videos of the player’s last
session. Typical examples are Valve’s Steam, Ubisoft’s Uplay and Electronic Arts’
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Origin. Instead, browser games focus more on a Facebook API or on proprietary
platforms like Bigpoint or Gamingo.

6.1.7 Resource Management

Resources are as essential to a game as the game logic itself. Figure 6.1 shows a
variety of resource types, namely materials, UI elements, sounds, music, videos, texts,
models, skeletal animations, levels, and textures. Those resources are combined to
create an environment to achieve the desired level of immersion. During the last
decades the effort to produce high-quality resources, especially 3Dmodels, levels, and
music, has led to growing investment in the artistic branch of game design (Back and
Madsen 2007). Imagine a game consisting of thousands of sounds, models, and
graphics that are loaded from various resource packages before and while the game is
running: An advanced resource management system is clearly needed.

In recent years, with the evolution of multiplatform game development,
resources are not only separated by data type but also by platform. For example,
mobile games use textures with a lower resolution than PCs. The responsibility for
handling various platform-dependent resources also lies with the resource manager.

6.1.8 Input Devices

Approximately 90 % of traditional games are controlled by mice, keyboards, and
gamepads. With the release of Nintendo’s Wii Remote and Microsoft’s Kinect, there
was a cautious but encouraging shift to more exotic devices. They were well
accepted and made other hardware designers come up with innovative ideas such as
the Leap Motion finger sensor or the body movement sensor Virtuix Omni.

Serious games have rather different requirements since various simulations
depend on custom controls. Examples are flight simulators, medical device train-
ings, or dialog trainings. Whereas the latter can use existing speech-to-text engines,
the other two examples often rely on custom hardware.

Figure 6.6 shows an example: A device called laparoscopic controller, devel-
oped by Cutting Edge (CuttingEdge 2015) to train surgeons using the Nintendo Wii
and the Wii Remote. It is plugged twice into a surgeon’s training device and is
operated by the player using both hands. The corresponding game is about a robot
and a girl trying to escape an underground world, where the player has to clear the
robot’s way by removing obstacles.

6.1.9 Audio

At first sight, audio playback seems to be one of the less complex module groups in
the game engine architecture. However, taking a detailed look at modern games
shows that audio far exceeds the sole playback of sound effects and music. Playing
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dialogs (either via a text-to-speech framework or recorded voice samples), offering
a voice chat in a multiplayer environment, and managing volume and playback are
the core functions that are not visible at first glance.

Another challenge is to create a realistic sound in a 3D space so that a sample is
played louder if the player approaches the sound-emitting object; the sound should
also be adjusted if the player’s avatar rotates its head. More recent sound frame-
works for games have also introduced effects reflecting the environment sur-
rounding the avatar. For example, a large hall might create an echo.

6.1.10 Graphics and Rendering

Calculating and rendering graphics are among the most challenging tasks in
designing and implementing a game engine. Several rendering algorithms such as
raytracing or radiosity are well known. The most popular algorithm today is called
pipeline rendering, as the 3D model is processed in several steps (e.g., calculation
of geometric transformations, calculation of the lighting, rasterization, texturing,
shading, anti-aliasing, calculation of occlusions) that are arranged in a sequence.
The advantage of this pipeline architecture is that it can process the data in parallel,
e.g., by employing multiple rendering pipelines.

Usually, a rendering pipeline is typically realized in specific hardware called a
graphics processing unit (GPU). While the game engine code is usually executed
on the CPU, the rendering is accomplished by the GPU. Some of the processing
steps of the rendering pipeline can be programmed. These programs that are

Fig. 6.6 The laparoscopic controller as a custom input device: two regular Wiimote game
controllers are integrated in the device (Source CuttingEdge 2015)
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executed by the GPU are called shaders. They are written in special programming
languages, e.g., Cg, GLSL or HLSL. Many game engines offer an interface for
game developers, allowing them to write their own shaders. Thus, game developers
have a fine-grained control how the rendering is executed by supplying their own
code for particularly crucial processing steps of the rendering pipeline.

Besides rendering, a game engine’s graphics module carries out other tasks such
as 3D model animation, collision detection, or complex 3D model simplification (in
order to ensure a certain framerate). The 3D models usually contain information
about the vertices of the geometric model, and the duration of the rendering is
proportional to the number of vertices. Reducing this number can shorten the
rendering process significantly. The game engine implements many sophisticated
optimizations in order to be able to render frames in real time. Besides using
multiple levels of detail for the 3D models, the game engine might use dedicated
data structures such as BSP trees or quadtrees. Moreover, culling is often per-
formed, i.e., parts of the 3D scene that are not visible in the image are removed. For
instance, if the player is inside a room and has no possibility to view objects in the
neighboring room, all the 3D models of that room can be removed from processing.

Another strategy for saving rendering time is to perform calculations before the
games runs, not during. As calculation results need to be stored, time for a cal-
culation during the game is traded for storage space. Examples are the
pre-calculation of lighting conditions and their storage in a light map, or the pro-
cessing of textures to be used in the rendering, e.g., by applying lighting results to
the texture, a process called texture baking.

Another problem addressed by the rendering module is the fact that in pipeline
rendering not the entire 3D scene is processed at once, but single vertices are
processed in parallel. As a result, it is not possible to render shadows properly, as it
is necessary to know the entire scene’s information to determine whether another
object exists that casts a shadow on the current object. Similarly, other effects such
as reflections cannot be calculated with pipeline rendering. Therefore, game engines
often contain algorithms that are workarounds to simulate such effects.

6.1.11 The User Interface

Quite often, the User Interface modules work on top of the Graphics and Ren-
dering module group. They are responsible for displaying and managing UI con-
trols such as buttons, slider panels, bitmaps, or text. In former days, most popular
engines, e.g., Epic’s Unreal Engine 3 and Crytek’s CryENGINE, made use of the
UI middleware Scaleform which is capable of rendering assets based on Adobe
Flash. The industry’s movement from expensive engine licenses to a free-for-all
culture forced some engine developers to remove the proprietary Flash format from
their UI system and implement a new set of custom controls (e.g., in Unreal Engine
4 and Unity). These controls are either used to provide information on the player’s
state and interactions during the game, or to render menus to start a new game, save
the current game state, load, quit, or change settings.
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6.1.12 Gameplay and Scripting

To handle the gameplay and the game logic, a game engine’s scripting system is
often based on a high-level language such as Lua, Python, or JavaScript—where
Lua is most frequently used in game development (>50 %, DeLoura 2009). Those
scripting languages share common characteristics:

• They can communicate with the engine core.
• They can be debugged during gameplay. They are interpreted, and therefore

changes to the code can be made without compiling the program from scratch.
Recompiling would not only introduce an annoying delay during development,
but also all information about the game state would need to be reconstructed to
continue playing seamlessly after the change.

• Variables can be monitored at runtime.
• The languages are extensible.

Such a scripting language is used to describe the player’s quests and/or move-
ments, or to program the behavior of a game object; it is not used for
hardware-related tasks such as rendering or memory management. The modules it
generally controls are shown on top of the scripting language module in Fig. 6.1.
Many game engines offer a visual scripting editor like Blueprints in Unreal Engine
4 or Flow Graph in CryENGINE 3. Figure 6.7 shows a script fragment to switch a
light on and off in CryEngine’s visual scripting tool Flow Graph.

There are various reoccurring gameplay modules that make heavy use of the
scripting engine. They are thus provided in the form of script functions. For
example, the behavior of non-player characters and static and dynamic game
objects is often scripted—since they are required to react dynamically to specific
game states, and their behavior needs to be fine-tuned during game balancing. As
another example, physics engines tend to communicate with the game logic and the
engine core via the scripting engine.

Fig. 6.7 A script fragment to switch a light on and off in CryENGINE’s Flow Graph
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Most modern games have an interface to such a scripting language to enable
hobby developers to write and publish modifications (so called mods) for a game.
A mod either edits game resources to change the appearance of a level or an object,
and/or they partially change game behavior.

6.2 Event Processing

Similar to desktop applications, games are event-driven. Events are used exten-
sively; for example, they are created when two game objects collide or when the
player starts to communicate with an NPC. But what exactly are events? Events
notify other game objects or parts of the game logic that something happened that
could have an influence on their behavior. Sometimes, engines offer a fixed set of
events like OnClick, OnCollide, or OnConnect, and hence cover the most common
types of events. Some languages allow assigning code to an event that is executed
when the event occurs; others provide a global OnEvent method, allowing the
programmer to react to any event within this method.

To optimize a game’s runtime performance, some engines require the pro-
grammer to add a box or a mesh around an avatar or an object to activate collision
events when the game object’s boxes or meshes overlap. It is much easier to detect
colliding boxes than to detect a collision between the detailed structures of objects.

The advantage of an event-driven architecture is obvious: When an event occurs,
the interested game objects are notified. For example, when a game without an
event handling mechanism is paused the function pause_game() has to call
pause_player(), pause_npcs(), pause_weather(), pause_particles(), etc. That would
obviously lead to complex and confusing code.

6.3 Animation

Animation is defined as the art of bringing artificial objects to life. For example,
non-rigid objects change their shape—water flows, or a flag moves in the wind. An
animator’s job is to take a static object and bring it to life by defining how object
attributes (such as shape, position, or color) change over time. In the special case of
animating characters, proper design of movements with respect to given situations
results in a character’s personality.

The production process for animations has been developed since the early days
of film production when Walt Disney and his team started to work on animated
feature films like Snow White and the Seven Dwarfs, Pinocchio and Fantasia
(Thomas and Johnston 1981). Since then, the process has been refined and adapted
to new technologies, such as computer-assisted animation and computer animation.
In computer animation, animators use software tools to create 3D models, apply
texturing and lighting, and animate the static objects using animation methods such
as keyframing, inverse kinematics, or physics-based animation.
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6.3.1 The Animation Production Process

We begin with a short introduction into the animation production process for movies
where this was done successfully for decades. In professional movie production, the
animation process is fairly sophisticated. A detailed description can be found in
(Parent 2012; Milic and McConville 2006; Levy 2009). The animation process
begins with an initial idea about the story to be told. This idea is briefly sketched in a
small document called a treatment, and further refined in a script by a professional
writer. From that, a director breaks down the story into sequences composed of
scenes, each consisting of a series of shots. A shot consists of a single take, i.e., a
recording of a static or continuously moving camera that is not interrupted.

The story is then presented graphically, and a storyboard is the most appropriate
method for that. A storyboard is similar to a comic book, as it contains several
panels of sequential drawings of the story. The storyboard is an important tool to
provide a common understanding of the story and its visual look. For characters, a
dedicated character sheet or character study defines the appearance, pose, and
gestures. Character sheets are needed to standardize the appearance if many ani-
mators are involved in the production process. Figure 6.8 shows an example of a
character sheet.

Once the storyboard and the character sheets are complete, individual panels are
edited along with dialog, music, and sound effects to experience the motion as a
series of moving images. These animatics act as templates and help to determine
how much animation is really needed for each take. Previsualization (“previs”) is a
cost-effective technique widely used in 3D animation and special-effect filmmaking.
Low-cost digital content is used to determine potential problems in each shot before

Fig. 6.8 A character sheet
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substantial effort is put into the final production. Based on the previs, the design of
the overall “look and feel” is then developed and documented. For characters, this
description is sometimes called a character bible, containing all information about
how a character should look, move, and behave.

The real production of the animated character starts with the modeling phase. In
this phase, the character’s appearance is created, e.g., head, face, body, arms, and
legs. Many techniques exist to create a 3D character model, and commercial tools
like 3DSMax and Maya include most of them. In box or subdivision modeling, the
artist starts with simple 3D primitives of low resolution and further refines the shape
where needed (e.g., shaping a hand with fingers from a 3D cube). Box modeling is
the most common form of polygonal modeling; it is often used together with edge
modeling, which allows one to create complex surfaces by a set of single polygonal
faces. Digital sculpting is an innovative modeling technique that frees the artist
from the tedious manipulation of polygons. It allows the user to work in a way
similar to real sculpting with clay. With a real pen and a tablet, virtual brushes,
scalpels, and other clay modeling tools are simulated, leading to very organic
models. Procedural modeling approaches are appropriate if complex model
structures can be described and created by algorithms. Prominent examples are
large forests, landscapes like mountains, or complex cityscapes. Dedicated tools
like SpeedTrees, Vue d’Esprit, or CityEngine help artists to apply these complex
algorithms. Another semi-automated technique is image-based modeling. It allows
creating 3D models based on a series of static 2D images. This cost-effective
approach is often used in low-cost productions where an artist cannot create a full
3D asset from scratch. 3D scanning is a suitable option to digitize real-world
objects and human actors. It is often used when a digital representation of a real
character is needed (e.g., faces of premier-league club players in the soccer game
FIFA2016).

A digital 3D model needs a texture, which creates the impression of a material
look on the model’s surface. Textures can be anything from solid colors to realistic
surface properties of metal, plastic or glass. To simulate the complex light behavior
on materials like water, ice, or reflective surfaces dedicated shading programs can
be created that simulate nearly all possible light-object interactions.

It can be very difficult—or even impossible—to animate a 3D character based on
specifying single key frames and interpolating the in-between frames. 3D character
models need bones, joints, or other rigging systems to allow realistic body part
manipulation. Once a character has been rigged, an animator can simply create
motions by manipulating the bones like a virtual puppet. With a properly rigged
character, it is possible to define key positions of bones and interpolate between
them, creating a believable motion sequence. Figure 6.9 shows a rigging with bones
and joints for an animated character. It was produced with the 3DSMax editor.

Another approach to animate a rigged character is to simulate a physical envi-
ronment with mass, forces, friction, and gravity and to animate a character based on
this dedicated simulation model. Such a physics-based animation allows creating a
complex physically inspired behavior without the need to define a large number of
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key frames. However, the physical simulation is often limited to a coarse approx-
imation of the real physical behavior.

If lifelike behavior of 3D characters is needed, motion capturing is the method of
choice. Motion capturing (“MoCap”) is the process of first recording the move-
ments of real persons, animals, or objects, and then processing and storing this
information to animate the corresponding digital character model. Persons often
wear special suits with markers for a more precise motion recording.

Similar to procedural modeling, procedural animation techniques allow ani-
mating complex models based on algorithmic approaches. It is also possible to
simulate large numbers of animals (e.g., flocks of birds, herds of dinosaurs, and
schools of fish) simply by a number of local behavior rules (e.g., “stay near other
group members, but do not collide”).

6.3.2 Animation for Games

Although the design of animations for games uses similar techniques as the ani-
mation for movies, it is a misconception to believe they are the same. Animated
movie designers have complete control over the user’s viewing experience. They
only have to worry about one camera angle at a time, because the viewer cannot
decide to look at another point in the scene. This allows one to “cheat” in many
ways, as shots are designed to only look perfect from a predefined viewpoint.
Games, on the other hand, are meant to be interactive, and the user wants full
control of the digital character. This requires a scene to look good from many
possible viewpoints. For example, in a first-person game, the player may turn the
head at any time to look around, and the scene must still be presented correctly.
While a character in a movie shot only moves with a single animation at any given

Fig. 6.9 Rigging with symbolic bones and joints (from Guthier and Sharmin 2016)
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time, in a game multiple animations must be possible because the player can control
the character interactively. The character may walk, run, jump, fight, or manipulate
objects. This requires a large set of possible animations. Also, a smooth blending
between two animations has to be designed in a believable way, e.g., from running
to walking to stopping. Because such a large number of animations is needed,
animation techniques such as physics-based animation, motion capture, and pro-
cedural techniques are often used in games.

6.4 Physics and Collison Detection

6.4.1 Simulating Physics

For most games, it is desirable that a game engine implements basic physical
concepts. For example, a physics simulation is needed for realistic character move–
ment, or for vehicle or environmental dynamics.

The goal of physics calculations in game engines is not necessarily a physically
perfect simulation—as it would be required in engineering simulations—but an
efficient simulation that delivers a believable recreation of the real-world physical
behavior in real-time. Approximations in the physical simulation are crucial for a
well-performing game. Almost all game engines include a physics engine for this
purpose. As a result, game developers are not required to program the physics
behavior from scratch.

The most common form of physics simulation in games is rigid body dynamics
(solids) following classical mechanics, e.g., Newton’s laws of motion. The main
variables of rigid body dynamics for a developer are velocity, acceleration, friction,
mass, and forces. Forces can be user-defined; they are the main component that
makes objects move around in the virtual environment. Game engines have a
pre-defined global force to simulate gravity that moves objects down along the y-axis
by 9.81 m/s2. The developer can change the gravitational force to archive different
effects such as moon physics or zero gravity environments. Furthermore, forces can
be created to act in certain areas of the environment (for example, windy zones).
During runtime, the physics engine will also create new forces dynamically—for
example, to calculate repulsion not only when objects collide, but also spring forces,
damping, or air drag. An object’s mass and friction will determine its behavior both
when forces act on it and when collisions with other objects occur. Forces also
manipulate the velocity and acceleration of rigid body objects. Additionally, the
developer can change the velocity and acceleration values in his/her program. For
rotational movement, angular velocity and acceleration are also taken into account by
the physics engine.

Beside rigid body dynamics, other more complex forms of physics simulations
are also popular. Examples include elastic body dynamics for simulating soft
bodies, and particle/fluid dynamics for waterfalls, smoke, fire, or clouds.
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6.4.2 Collision Detection

One of the more complex tasks of a physics engine is handling collisions between
objects. In addition to the actual geometry of an object, calculating collisions
requires a second mesh, the so-called collider. It is used by the physics engine to
calculate collisions and determine the repulsion force after a collision has happened.
The choice of the collision mesh is crucial to the performance of the collision
calculations. Most game developers choose a mesh as simple as possible to
determine the bounding volume of the object. This bounding volume is often a
simple sphere, capsule, or bounding box; but it can also have a complex geometry
when more details are needed.

The high computational effort for the collision detection arises from the fact that
dozens, if not hundreds of objects can be part of a scene and need to be checked for
collisions, pairwise against each other. Many methods exist to speed up the collision
detection process. The core idea is to split up the scene into sections in a spatial data
structure, such as an octree. If two objects are in the same section, a very simple
collision routine runs first to get a quick result. The simplest case of collision
detection is conducted between two spheres; here it is enough to check if the distance
between the centers is smaller than the sum of their radii. There is a wide variety of
algorithms that are used to efficiently check collisions between various geometries. If
a potential collision is detected in this first phase, the collision is investigated further.

To calculate the response to a collision, information about the exact point of the
collision needs to be collected, as well as the velocity and the momentum of the
colliding objects. The appropriate resulting forces will then be applied to the objects.
The developer can also program custom functions to manipulate the behavior of
colliding objects.

The collision detection is usually calculated at fixed time steps. A list of
occurring or upcoming collisions is created in each step. The advantage of this
method, called discrete collision detection, is that the physics simulation can be
calculated at constant intervals, independent of frame rate fluctuations in the game.
The problem with this method is that the actual moment of the impact is usually
missed, and collisions of fast-moving objects can be missed entirely because they
pass through other objects from one discrete time step to the next. The solution to
this problem can be a continuous collision detection, where the trajectory of
fast-moving objects is predicted based on various physical variables; in this way,
collisions, including the actual moment of the impact, can be anticipated.

6.5 Lighting

The human eye sees objects in the world as a result of light reflecting off surfaces and
subsequently striking receptors in the eye. To understand and model this process, it
is necessary to understand both the nature of different light sources and the ways
different materials reflect the light. Realistic lighting calculations are very complex,
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and thus lighting techniques used in computer graphics are usually heuristic.
Believable results are often computed instead of realistic simulations. Instead of just
specifying a single color for an object, game developers and artists often define
material properties and the material’s response to different kinds of light.

6.5.1 Light Sources

When no light sources are present in a scene, rendering leads to a black image.
However, it is sometimes desirable to create scenes without light sources, where
objects are displayed through emissive lighting. Such objects light themselves but
do not give light out into the scene. Scenes with emissive lighting result in very fast
rendering, but unrealistic results. Emissive lighting is thus often used to achieve
certain effects in combination with other lighting techniques, for example to create
very simple and fast representations of the headlights of a car or of neon signs.

In the real world, light is reflected off objects countless times. This results in the
effect that light passing through a little slit under a door into a completely dark room
will illuminate the entire room enough for us humans to see. In order to easily
simulate light that appears to be equally distributed after being reflected many
times, a constant color is used, called ambient lighting. It is simply added to the
color of a surface.

In addition to ambient lighting, we can distinguish the following forms of light:

• Directional lights represent a light source at an infinite distance, shining light
into the scene in parallel direction at a certain angle with equal intensity.
Directional lights are most commonly used to approximate light that originates
from outside the game scene, such as sunlight. Due to its nature, the position of
a directional light is not important, and it can generally be placed anywhere in
the scene. The developer must define the color, the overall intensity, and the
direction of a directional light source.

• Point lights are simple light sources that can be imagined as a bulb hanging
from a cord, giving off light in equal amounts in all directions. The light
intensity gets weaker with the distance from the point light source. Thus, objects
closer to the point light appear brighter than those further away. The developer
can customize point lights by defining color, intensity, location, and the fall-off
function.

• Spot lights radiate light in a cone with a certain radius along a directional axis—
comparable to a constrained point light. Spotlights can be imagined as flash-
lights or car headlights. Simple spotlights distribute light equally over the area
of the cone. A more complex light behavior can be achieved by defining a
fall-off function that determines the light intensity in the center and the softening
towards the edges of the cone.

• Area lights are defined by rectangles, placed in the game scene, from where
light is emitted into the scene. For example, area light is useful to create a
light-emitting object such as a TV screen. Area light calculations are more
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complex due to light originating from the entire area instead of a single point. As
a result, objects illuminated by an area light will have a softer and more realistic
brightness distribution than those illuminated by a point light.

6.5.2 Material Reflection (the Phong Reflection Model)

In common cases, the appearance of a virtual object is made up of ambient light,
diffuse reflection, and specular reflection. This is known as the Phong reflection
model, which is an empirical model; it is not based on physical accuracy, but on the
observation of the real-world behavior of light. As discussed above, ambient light
reflection is trivial to compute. Diffuse reflection represents dull surfaces, and the
brightness of a spot on an object depends on the angle between the normal on the
surface and the direction of the light source. Note that diffuse reflection is inde-
pendent of the viewer’s position. The resulting light is multiplied with the mate-
rial’s diffuse reflection coefficient and the intensity of the light source.

Specular reflection creates shiny highlights on objects. Materials with strong
specular reflection components are typically metals or plastics, while mirrors are
fully specular. Wood, on the other hand, has a very low specular reflection. In order
to determine the specular reflection, the angle between the direction to the viewer
and the direction of the light’s reflection off the surface must be calculated. Thus,
the appearance of specular highlights depends on the viewpoint. Additionally, the
size of the specular highlight in the real world depends on the shininess of the
material. To control this effect, another term is introduced into the equation as an
exponent (the Phong exponent) to the angle between the viewpoint and the
reflection. A high value will result in a small, sharp reflection, whereas a smaller
value leads to a larger, more spread-out specular highlight. A sphere illuminated
with the three different types of reflection computed with the Phong model is shown
in Fig. 6.10.

Fig. 6.10 A sphere rendered using the Phong reflection model: a ambient reflection, b diffuse
reflection, c highlight added by a specular reflection
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6.5.3 Shading Models

The simplest way to color an object based on the previously discussed lighting is to
color each polygon in one color based on its material reflection and its surface
normal (i.e., a vector that describes how the polygon is oriented in space—an
important piece of information for calculating the lighting). This approach is called
flat shading. A major drawback of flat shading is that objects with curved surfaces
that are approximated with polygons (e.g., a sphere) do not appear smooth, but the
straight edges of the polygons can be seen. A solution is to calculate not one color
per polygon but to calculate colors at each vertex. In the case of a triangle, for
example, three colors at each vertex would be calculated using the lighting equa-
tions. And the normal vectors that are used in the lighting equations are not nec-
essarily the surface normal of the triangle. For instance, if one vertex is part of four
triangles, the normal for calculating the lighting could be an average of all four
surface normals.

If color that results from lighting is only calculated at the vertices, which color
do points have that lie in the interior of the polygon? This is determined by a
shading model. The most often used shading model is called Gouraud Shading.
Here, the color values in the interior of the polygon are generated by linear inter-
polation between the edges. The polygon is filled one horizontal line (“a scan line”)
after the other by linear interpolation between the points on the edges. Gouraud
shading suffers from artifacts when highlights lay within a polygon. In this case, a
highlight disappears entirely because only the vertices of the polygon are consid-
ered; since the highlight does not touch the vertices, it is not taken into
consideration.

Gouraud shading is not the only way to determine the color of the interior of a
polygon based on the colors calculated at the vertices. In fact, there are many
different shading algorithms that are used today that can make the 3D models look
like a cartoon, an oil painting, or a pencil drawing.

6.5.4 Atmospheric and Post Processing Effects

Atmospheric effects can create a sense of depth by mimicking the real-world
phenomenon that particles in the air make objects further away look less saturated
than closer objects. For example, fog is implemented by blending the calculated
color of a pixel with a predefined background color in a ratio that is proportional to
the distance between the camera and the object. Objects that are farther away get a
greater fraction of the background color relative to the object’s color, and hence
fade into the background. Fog begins at a starting distance, and all colors slowly
transition to the fog color towards the ending distance. The blending can occur
linearly or exponentially. Fog is added after the rasterized image is created from the
3D model data.

Other post-processing effects include image blur (e.g., motion blur or creating
depth of field), lens flares, or blooming effects.
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6.5.5 Global Illumination

Global illumination is an umbrella term for several methods to achieve a more
realistic lighting distribution by taking into account global scene geometry beyond
the conventional direct light-object-camera relations. The main problem from which
the need for global illumination arises is that the usual pipeline rendering does not
take into account the effect that scene elements have on each other (see
Sect. 6.1.10). An example is light that is diffusely reflected from every surface and
thereby distributed around the scene (indirect light). In order to cope with this issue,
computer graphics traditionally used the ambient lighting constant described above.
Modern game engines support different global illumination methods to create a
much more realistic lighting.

Ray Tracing is a method that is used to create different light effects. Single rays
are traced starting at the camera (or eye), passing through the image plane, reaching
the object’s surface and going from there to the light source. Beginning at the
camera is much more efficient than beginning at the light source because only a
small percentage of the rays from the light source ever reach the camera. Even
though it is computationally expensive because it treats every ray separately, ray
tracing is an essential technique to create soft shadows, mirror reflections, and
refractions by tracing rays to and from the light sources to determine how objects
affect the light. There are numerous variations of the basic ray tracing idea.

Radiosity is a method to model the energy transfer between surfaces. Originally
developed to calculate heat transfer, the radiosity method is based on the
assumption of energy conservation within a scene. In rendering, this implies that all
light reaching a surface will be reflected (unless it is absorbed). To calculate
radiosity, a view factor that describes the spatial relation—or more precisely, the
amount of direct visible contact between every combination of surface pairs in the
scene—must be determined. Following, through different methods, light is emitted
from the sources and algorithmically distributed throughout the scene. Radiosity is
independent of the viewpoint and can therefore be precomputed for use in real-time
applications.

Photon Mapping is another computer graphics technique to create sophisticated
light effects such as refractions, caustics, or subsurface scattering. The idea is to
shoot small objects, abstracted as photons, from the light source into the scene. If a
photon reaches a surface with material properties, it might get reflected, refracted,
scattered, or absorbed. If the photon reaches a diffuse surface, it is saved in a photon
map, which can later be used for various rendering effects.

Ambient Occlusion is used to enhance the quality of the ambient lighting
assumption by taking the environment of a surface into account. It is based on the
observation that the amount of light reaching each surface decreases with the
amount of other surfaces in its proximity. Ambient occlusion can be pre-computed
for static surfaces, as it is independent of the viewpoint.
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6.6 Shaders

Before GPU hardware became commonplace on graphics cards, Pixar made the the
first approaches for manipulating the rendering pipeline through shader programs.
They introduced a shading language for RenderMan in 1989 (Upstill 1989). Ren-
derMan is a rendering API between the models and the image generation, intended
for high-quality offline rendering of Pixar’s animation films. The shading language
was developed to allow more customization in the rendering pipeline than the Phong
reflection model could offer. Shaders were thus introduced to act as programmable
parts in the image production pipeline. Originally not intended for dedicated hard-
ware, the shader paradigm was later broadly adopted, and specific hardware was
developed to run a shader on a GPU to boost performance for rendering in real-time.

Several programming languages for shaders have evolved since. OpenGL’s
GLSL (Graphics Library Shading Language) and DirectX’ HLSL (High-Level
Shading Language) are most common today, and at least one, often both are
supported by major game engines. Additional languages exist, such as Cg, a
shading language created by NVIDIA, and ShaderLab, an intermediate language for
Unity. The code written in this intermediate language is translated to either GLSL
or HLSL depending on the current runtime platform.

Shaders can be distinguished into different shader classes such as vertex, frag-
ment, and geometry shaders, depending on which aspects of the rendering process
they handle. A vertex shader is executed first during the rendering process. It
operates on a per-vertex basis, and is executed for each object separately and in
parallel within the geometry subsystem of the rendering pipeline. Let us take the
example of a water simulation. A vertex shader would be utilized to calculate
positions of vertices to create waves on the surface (for example, with a simple sine
function), to determine the directions to the light, and the viewpoint for subsequent
shading. A fragment shader (also known as a pixel shader) is executed after the
rasterization step of the pipeline. It can work on the data that was previously
calculated by the vertex shader. Fragment shaders operate on fragments, i.e., 2D
surface pieces the size of a pixel that are created during rasterization and that might
become pixels in the final image if they are not occluded by fragments from other
objects. Geometry shaders are a newer form of shaders. They allow manipulation of
the geometry on a per-point, per-line, or per-triangle basis. They are executed after
the vertex shader and before the rasterization step (and thus the fragment shader) of
the rendering pipeline. They allow for procedural geometry generation and
manipulation during runtime.

6.7 Game Object Editors

Game engines also support the creation process of game objects (assets). They
come with a number of editors to build avatars, landscapes, levels, etc. For
example, creating an avatar is done by choosing a female or male person, making it
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bigger or smaller, supplying clothing, and perhaps personal weapons. Some games
even allow players to create their own avatars (e.g., Diablo).

Landscapes can be designed by first creating a mesh representation. The height
of hills and mountains can be randomly generated. Then, a texture is laid over the
mesh. Finally, trees, rivers, lakes, buildings, etc. are added. Figure 6.11 shows an
example of a landscape created with the editor of Unity3D (Mildner et al. 2014).

Most game object editors allow importing objects from other software tools. For
example, 3D buildings can be generated with 3DSMax and then imported into the
game engine’s editor. They are converted into the format used by the game engine
for compatibility with the game world at runtime. This process was explained in
detail in Sect. 5.3.1.

6.8 Game Engine Support for New Hardware

6.8.1 New Hardware Devices

Traditionally, games were mostly played with consoles, mice, joysticks, and game
controllers. In recent years, a number of new hardware devices have been devel-
oped for more natural interaction in games and other interactive experiences. They
are of special interest for serious games, as they allow simulating real-world situ-
ations more convincingly and with higher fidelity—which might benefit directly the
extent to which characterizing goals can be met. These new hardware devices can
be classified as follows:

• Full body tracking: With the release of the Kinect sensor for the XBox 360 and
the PC in 2010, low-cost depth sensing became available for interactive expe-
riences. The Kinect allows for voice recognition and 3D motion capture,

Fig. 6.11 A landscape from Word Domination created with the landscape editor of Unity3D
(Mildner et al. 2014)
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including gesture and facial expression. Other depth-sensing devices like Asus
Xtion and SoftKinetic provide a similar functionality. The Kinect 2 was released
in 2014 with a wider field of view and a higher resolution of the depth cam. It
can also detect hand shapes and the user’s emotional states, and it can monitor
the user’s heart rate.

• Mobile 3D scanning: Scanning the environment with the Occipital Structure
Sensor is now available (Occipital 2015). The sensor can be attached to a mobile
device such as an iPad, and can be used to detect and track the environment.
This is important for augmented reality applications that need to combine virtual
content with the real environment.

• Finger and hand tracking: With an increasing number of virtual reality headsets
and 3D displays, it is important for a natural user interface to detect hands and
fingers and their motion. The Leap Motion controller is a small device that
allows tracking both hands with individual fingers in front of the user. Attached
to a VR head-mounted display, it provides a highly immersive virtual reality
experience (Leapmotion 2015).

• Eye tracking and face tracking: The user’s face may provide important infor-
mation for a game. With current technology it is easy to detect, track and
analyze a person’s gaze in real time. Affordable sensors are available from Tobii
(Tobii 2015), EyeTribe (EyeTribe 2015) or myGaze (MyGaze 2015). Pupil Labs
provides an open source solution for mobile eye tracking (Kassner et al. 2014).
Face tracking is easily possible with a 3D depth sensor, and software like
FaceGen allows for a markerless facial motion capture.

• Walking: Until now, walking interfaces have only been presented as prototypes
in larger VR labs or as part of military research projects. The Virtuix Omni is an
omnidirectional treadmill peripheral for gaming and virtual reality (Virtuix
2015). It uses a platform to simulate walking if the user puts on special shoes to
reduce friction. The Austrian startup company Cyberith has developed a similar
product called “Virtualizer” that allows walking, running, jumping, crouching,
and even sitting (Cyberith 2015).

• Brain-computer interfaces: The idea to control technology simply by thought is
not new, and devices that allow a direct neural interface exist, with different
levels of fidelity. The use of non-invasive brain computing interfaces for
entertainment is sometimes called neurogaming. The Emotiv Epoc is a
14-channel EEG device that can read four mental states, thirteen conscious
states, facial expressions, and head movements (Emotiv 2015).

Ideas for new devices are presented on a regular basis. Enthusiasts develop new
ideas and build custom prototypes using available sensors and prototyping hard-
ware platforms like Arduino, Gadgeteer, or Phidgets. With this trend, many new
approaches for computer games will be possible in the near future.
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6.8.2 Virtual and Augmented Reality

Well-designed games have the potential to provide a strong feeling of presence, the
“feeling of being there.” But technically, the audio-visual representation with
consoles and high-resolution TV screens, PCs, and monitors or mobile devices
provides only a windowed view into the game world.

Many experts consider virtual and augmented reality as an important interaction
paradigm for games. Virtual reality extends a real-time 3D world by the concept of
immersion. This means that as the users become part of the 3D scene, they are
immersed in the virtual world. This is realized using viewpoint tracking—including
head, eye, and body movements—and dedicated devices like head-mounted dis-
plays, or large immersive setups like L-Shapes or CAVEs (i.e., large projective
displays where the user can even stand on a display and is surrounded by virtual
imagery), together with full-body tracking systems.

For gaming, head-mounted displays seem to be more appropriate. Recently, a
number of head-mounted displays have been proposed, and large companies like
Google, Facebook, Sony, and Valve are working on virtual reality headsets. The
Oculus Rift is the most prominent device currently under development (Oculus
2015). Started as a Kickstarter project in 2012, the company Oculus VR created two
developer kits with a resolution of 1920 � 1080 pixels at a 75 Hz refresh rate. In
2014, Facebook announced that they acquired Oculus VR. The consumer product
has a resolution of 2160 � 1200 at 90 Hz with a full six-degree-of-freedom
positional and rotational tracking. Oculus has partnered with Microsoft; they will
release a consumer version with a standard XBox game controller, and XBox One
games will be playable with a VR headset. Oculus has also recently presented a
more advanced input device, the Oculus touch (Oculus 2015). It is a pair of tracked
controllers with a pistol-like grip that delivers the feeling of virtual hands in 3D. It
provides an analog joystick and buttons for the thumb and index finger. Hand
gestures are recognized quite well.

Augmented reality is often considered to be the successor of VR. According to
Azuma (1997), augmented reality is defined by (i) the combination of real and
virtual content, (ii) interactivity and real-time computation, and (iii) 3D registration
of virtual elements in the real scene. This requires additional sensors for the
environment. Cameras are often used to track the environment which is then
combined with computer-generated content. Figure 6.12 shows a prototypical
augmented reality board game.

6.8.3 Support for New Hardware in Game Engines

For many projects, it is essential to provide an interface to prominent game engines
like Unity and Unreal. These game engines offer useful approaches to interface to
new devices with their modular SDKs. For important new hardware, like the Oculus
Rift, built-in support is quickly provided. Dedicated drivers are often developed by
the inventors of these devices.
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6.9 Selection of a Suitable Game Engine

The Internet is full of discussions about which engine is the best and should be
chosen to start a new project. Programmers argue about the efficiency of different
programming languages, designers about the tools allowing them to simultaneously
work on the assets, and publishers about multi-platform support to reach the
broadest customer group. So, which engine is the right one to choose?

There is no universally valid answer, since the recommendation depends on each
individual use case. The following list provides requirements to help to identify the
most appropriate engine.

• What platforms will the game run on?
• Should the game be 2D or a 3D?
• Is there a budget for licensing an engine?
• How many people will work simultaneously on the game?
• Should experts from a serious game application domain be able to perform

authoring tasks with the game engine’s tools? What is the background and
skillset of these authors?

• What is the preferred programming language?
• Does the team require engine support by the engine vendor?
• Is there an active community using the engine?
• Should the engine be designed for a certain genre?
• How well should the content pipeline be covered? What editors are needed?
• Is the engine required to be extensible? Should the engine’s source code be

available?
• Is it necessary to integrate a specific third-party library into the game engine?
• Is there a concrete roadmap for the engine, and will its development be con-

tinued in the future?

Fig. 6.12 A prototypical augmented reality board game
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When some questions of the above list remain unanswered, it is recommended to
obtain a demo license to test and evaluate an engine and its tools. Nowadays many
of the game engines provide an easy-to-use, one-click installer with a simple demo
game to test visuals, functionality, and usage from both the author and player
perspective. Comparing game engines is a difficult undertaking; while features and
workflows differ a lot, they can still lead to similar results regarding gameplay and
graphics. In order to illustrate how different game engines can be compared to each
other, we include a brief review of three popular game engines.

6.9.1 Unreal Engine 4

The Unreal Engine 4 was published in March 2014, and is the successor of the
UDK (Unreal Development Kit). The engine’s manufacturer Epic not only has
many years of experience in engine design, but also an excellent knowledge of the
game production process—since the company started to produce Unreal in 1998, a
former milestone of first person shooters, and has continued to create many inno-
vative games over the last few years. Working with Unreal Engine 4, users will
recognize that Epic’s game development experience found their way into the engine
and the integrated toolset. The engine itself is accompanied by a strong resource
management tool, animation, and visual scripting components, as well as an inte-
gration into Microsoft’s Visual Studio. The most advertised features are the lighting
engine and the blueprint scripting tools. The latter allows defining a behavior for
diverse game objects via a drag-and-drop approach. Thus, Unreal Engine 4
explicitly encourages non-programmers to develop games with the engine.

6.9.2 Unity 5

Unity 5 is a highly visible game engine for independent game developers. It has a
strong position in the educational sector, both because a strong user community
supports it, and because it provides well-written or audio/video-recorded tutorials to
support beginners. With the release of Unity 5, the manufacturer tries to address not
only the casual or mobile game developers, but also those who develop desktop
games with a focus on visuals. One of the remarkable strengths ofUnity 5 is the Asset
Store, which provides free and commercially available extensions for the editor and
the engine, learning materials, and other assets like music or 3D models. Being
directly integrated into the engine, the Asset Store allows one to download a package
of assets directly into the current game project. Supported programming languages
are C#, UnityScript, and Boo.2 Unity does not yet provide a visual scripting system,

2Unity has evaluated their editor statistics and found that 80 % of their customers use C#, 19 %
use UnityScript, and <1 % use Boo.
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but the integration of C# into the integrated development environmentMonoDevelop
works well and fits seamlessly into the object-based, hierarchical game architecture.

6.9.3 CryENGINE 3

Similar to Epic, Crytek is a well-known game developer (FarCry, Crysis) who put
his experience with game design into the company’s engine CryENGINE 3. The
engine is either offered for download via the Internet or as a subscription on Steam.
Crytek stresses the engine’s impressive visuals as well as the sandbox editor in their
advertisement. When using the editor for the first time, features like the road and
river tools, procedural content placement, the vegetation system and the time-of-day
system demonstrate that the company’s focus was on creating realistically looking
virtual worlds with a relatively low effort for the developer. Furthermore, the
CryENGINE 3 provides a visual scripting tool called Flow Graph (see Fig. 6.7)
which serves not only as an interface to design the game object behavior but also to
profile and debug the game before and while playing. Regarding visuals, CryEN-
GINE 3 offers cutting edge graphics.

6.9.4 Other Engines

There are many more engines on the market, including Valve’s Source Engine 2,
Havok’s Vision Engine, GarageGame’s Torque, Id Software’s idTech engine,
Blender’s Game Engine, or Emergent Game Technologies’ Gamebryo. They can-
not all be discussed in detail here, but the named features and topics presented
above will help to gather information on them, supporting the decision for the most
appropriate engine for a serious game project (Table 6.1).

6.10 Summary and Questions

This chapter has shown that game engines provide a valuable basis for developers
of serious games, as they make readily available knowledge and groundwork from
various disciplines such as graphics design, platform programming, user interfaces,
workflow optimization, mathematics—and of course, programming. After years of
work and research, today’s game engines have reached a maturity level that enables
smaller independent development teams and entire studios with hundreds of
employees to use one single product. They provide a general yet powerful way to
create serious games for different genres, from adventures to racing to board games.

An advantage current game engines have is the variety of learning material
provided online. Tutorial videos, free eBooks, or even meetings in larger cities offer
the possibility to quickly dive into the newest features and feel comfortable with
coding and design. Topics focus not only on fundamentals, such as the usage of the
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level editor, but also on next-generation issues such as virtual reality and modern
input devices.

The following questions should help to consolidate the reader’s understanding of
this chapter:

• What are the main advantages of a modular game engine design?
• Why is the platform independence layer useful when you port your game from a

Windows PC to a Mac?
• Your game, written and tested on a slow computer, runs very fast on newer

machines. Players claim your game is unplayable since they cannot control the
player’s movement. What might have been your mistake during the develop-
ment process?

• Why do game engine editors convert input from external sources to their internal
format?

• Describe the different steps in the animation process of a game character.
• How would you animate a game avatar? What method would you use?
• What forms of light do you know?
• Why is shading very compute-intensive?
• What is the difference between lighting and shading for a game and lighting

shading for an engineering simulation?

Table 6.1 Game engine overview

Unity 5 CryENGINE 3 Unreal Engine 4

Supported
platforms

Windows PC, Mac OS X,
Linux, SteamOS, iOS,
Android, Windows Phone 8,
Blackberry 10, Tizen,
WebGL, WebPlayer
(Plugin), PlayStation 3,
PlayStation 4, PS Vita,
Xbox One, Xbox 360, Wii
U

Windows PC,
iOS, Android,
Xbox One,
Playstation 4, Wii
U

Windows PC, Mac OS X,
Linux, SteamOS, iOS,
Android, HTML5,
PlayStation 4, Xbox One

Development
environment

Windows XP SP2,
Windows 7, Windows 8,
Mac OS X >10.8

Windows Vista
SP1, Windows 7,
Windows 8

Windows 7 64 bit, Mac OS
X > 10.9.2

Engine source
code access

Yes (not free) Yes (not free, full
license required)

Yes

License costs Free (personal edition), $75
per month (professional
edition), no royalties

$9.90 USD per
month, no
royalties (standard
subscription)

Free to use, 5 % royalty on
gross product revenue after
the first $3000 USD per
game per calendar quarter

Limited to a
specific genre

No No No

Programming
languages

C#, UnityScript, Boo C++ C++
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• Which new hardware devices do you know, and what characterizing goal would
each of them be especially useful for?

• You have the task to design a new outdoor mixed reality game that allows to
familiarize new employees of a chemical company with the complex production
facilities and to inform them about safety regulations. Describe the input and
output devices you would select for this game.

• Imagine you want to build a game for health, running on a PC, with elderly
people as players. Which of the three game engines presented briefly above
would you pick?

Recommended Literature

McShaffry M, Graham DR (2012) Game coding complete, 4th ed, Course Technology—This book
covers the entire cycle of game development from setting up a development environment, code
and asset management to engine programming, game editor development, quality assurance
and final shipping of the game. The book has a strong technical focus and provides hundreds
of lines of code written in C++ and even assembler but is yet well explained and follows an
“explain by code” approach

Gregory J (2014) Game engine architecture, 2nd ed, Taylor & Francis Ltd.—This fairly thick book
(more than 800 pages) contains a detailed description of all aspects of game engines. It is a
very technical book. The author has many years of practical experience as a game designer
and a game programmer, and his style of writing is geared towards those who want to really
understand game engines and develop their own games
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7Personalization and Adaptation

Stefan Göbel and Viktor Wendel

Abstract
Computing machinery allows the creation of intelligent, personalized, adaptive
systems and programs that consider the characteristics, interests, and needs of
individual users and user groups. In the field of serious games, storytelling and
gaming approaches are used as motivational instruments for suspenseful,
engaging learning, or personalized training and healthcare. This chapter
describes models and mechanisms for the development of personalized, adaptive
serious games with a focus on digital educational games (DEG). First, the term
adaptation is defined—both in general and in the context of games—and basic
mechanisms such as the concept of flow are described. Then, player and learner
models are analyzed for classification of player characteristics. For the control of
serious games, adaptive storytelling and sequencing mechanisms are described.
In particular, the concept of Narrative Game-based Learning Objects (NGLOBs)
is presented, which considers the symbiosis of gaming, learning, and storytelling
in the context of an adaptive DEG. Finally, the presented theoretical concepts,
models, and mechanisms are discussed in the course of the 80Days project as a
DEG best-practice example—which considers authoring, control, and evaluation
aspects, and its practical implementation in 80Days using the authoring
framework StoryTec.
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7.1 Adaptation—Definition

Adaptation is a major field of research in gaming, especially in serious games. It is
desirable to adapt games in various dimensions, like those stated above. As stated
by Charles et al. (2005), “learning and adaptation are viewed by some as a having a
crucial part to play in next-generation games.” Different adaptation principles,
techniques, and methods that are especially relevant for serious games are
(Kickmeier-Rust and Albert 2012a, b):

• Procedural and adaptive level and content generation
• Adaptive behavior of agents
• Adaptive and interactive storytelling
• Guidance, hinting
• Motivational interventions
• Adaptive presentation
• Adaptive curriculum sequencing
• Navigation support
• Intelligent solution analysis

What exactly is adaptation? A common definition is the “ability to make
appropriate responses to changed or changing circumstances” (Kaukoranta et al.
2003). Moreover, various common explanations of the term define it as an
adjustment to a changed circumstance or environment.

In computer science, adaptation refers to a system or process, in which a system
changes its behavior for individual users based on information acquired about
those users and its environment (https://en.wikipedia.org/wiki/Adaptation_%
28computer_science%29). However, this definition indicates a static behavior, a
one-time change based on information about a (set of) user(s). It does not state
anything about how the system or process behaves when the environment, the
users, or their behavior changes during use or play.

In the context of learning, Steinmetz and Nahrstedt (2004) define adaptive
learning systems as “learning programs capable of adapting themselves to the
individual abilities of the learner, e.g., previous knowledge, interests, weaknesses or
preferences with regard to forms of representation.” This, again, does not consider a
reaction to a change, but rather an adaptation to the static personal properties of a
learner.

Adaptability is commonly considered as the ability of a system to adapt itself or to
be adapted according to a change of circumstances (http://www.thefreedictionary.
com/adaptability).

Hence, in computer science, the term adaptivity refers to “a system that adapts
automatically to its users according to changing conditions, i.e., an adaptive sys-
tem” (https://ahdictionary.com/word/search.html?q=adaptation). This, in contrast,
relates to an adaptation as a reaction to a change.
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Adaptation: The act or process of adapting, or the state of being adapted;
something that is changed in order to become suitable to a new condition or
situation.
Adaptability: The ability to adapt or to be adapted; a system is considered
adaptable, if it is designed to be able to adapt itself or be adapted.
Adaptivity: Adapting automatically according to changing conditions; a
system is considered adaptive, if it adapts automatically according to
changing conditions.

In the context of games, often the term personalization is used for a (static)
one-time adaptation of a gaming aspect to the needs of a user, whereas adaptation
refers to the continuous adjustment of the game towards the actions and performance
of a user and the current state of the game. In sum, adaptation in the context of games
refers to a reaction to either a change of the (game) environment or a situation or the
context of a player. Personalization refers to a change of information, services,
adjustments, or other parameters to a player’s personal preferences, abilities, needs,
or requirements. Rule-based personalization is a technique which adapts content to
the given user profile based on a given, relatively rigid rule set.

Adaptation can be applied at various points in a game: (1) at the start of the game
(i.e., personalization—in the sense of configuration) or (2) repeatedly during the
game. In the second case, the adaptation moment and the adaptation rate are dis-
tinguished. Adaptation can happen continuously (i.e., x times per y seconds) or at
discrete points in the game (e.g., after a special event as a reaction to a player
action, between levels, etc.).

Adaptation and personalization: In the context of games, often the term
personalization is used for a (static) one-time adaptation of a gaming aspect
to the needs or preferences of a user, whereas adaptation refers to the con-
tinuous adjustment of the game based on the actions and performance of a
user and the current state of the game towards a desired state.

In addition to point of adaptation, adaptation is characterized by what to adapt.
Generally, everything which is relevant in a game can be adapted, from visual and
optical appearances over sound to elements of a game relevant to gameplay. Those
are highly dependent on the game itself. In a shooting game, those might be the
number of enemies spawning and their hit accuracy; whereas in a simulation, this
might be several parameters that describe the ability of an AI opponent, or random
events which impact the game’s difficulty.

Therefore, in the context of serious games, it appears reasonable to not only look
at what elements of a game can be adapted specifically, but to look at a meta level
on what to adapt, when to adapt it, how and to what degree to adapt it and why
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something should be adapted. Hence, serious games generally can be adapted in
terms of gaming or gameplay, and in terms of the goal of the game. Concerning the
latter, for various goals there are established models and concepts existing. For
example, if the characterizing goal is learning in the broadest sense, learner models
can be used to characterize the state of the game, identify deficits, problems, or
learning difficulties, and based on those decide on how to adapt the game. Hence, in
the following, established concepts and models in the areas of difficulty adaptation
(flow), player modeling (adaptation in terms of gameplay), learner modeling
(adaptation in terms of learning), and story models (adaptation in terms of narra-
tion) will be further investigated in the following sections.

7.2 Adaptation—Dimensions and Mechanisms

Various aspects of a serious game can be adapted. The following section addresses
three main adaptation dimensions: difficulty, player, and learner. Further, an
overview will be provided regarding existing adaptation concepts, algorithms, and
mechanisms.

7.2.1 Difficulty Adaptation—The Flow Concept

A challenge is a major component of every game. Players want to test and master
skills relevant for the game (Lazzaro 2004; Fu and Houlette 2002). A major element
of many games is to overcome challenging opponents (Vorderer et al. 2003) in
order to reach a desired goal (Fabricatore 2000). Gee (2005) states that it is nec-
essary that all players, regardless of their current skill level, perceive the game as
challenging, but feasible.

In 1990, Mihalyi Csikzentmihalyi proposed the concept of flow, for a state in
which a person is totally immersed into an action, in a way such that he/she even
forgets about time (Csikszentmihakyi 1990). He states that a person in flow
experiences the following characteristics:

• Clear goals and immediate feedback
• Equilibrium between the level of challenge and personal skill
• Merging of action and awareness
• Focused concentration
• Sense of potential control
• Loss of self-consciousness
• Time distortion
• Autotelic or self-rewarding experience

Figure 7.1 illustrates the concept of flow using the flow channel. A person is
considered to be within the flow channel, if the person’s skill in a task matches the
task’s challenge for this person (e.g., A1). If the skill level becomes too high (e.g.,
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by improving, or learning new skills) for the challenge, the person moves towards
the boredom zone (A2). On the other hand, if the challenge rises, but the skill level
does not improve, the player moves towards the anxiety zone (A4). Hence, flow is
the small channel where challenge matches the given skill. Given that a person’s
skill improves either when exercising a task over a longer time, or repeating a task,
it is assumed that the respective skill will improve over time (A1 ! A2). In order
for the person to stay in the flow channel, task difficulty needs to be adapted
accordingly (A2 ! A3). If, however, the challenge is too high for the person’s
current skill, the person might come back to the flow channel when she or he
improves (A4 ! A3). Otherwise, in order for the person to stay in the Flow
Channel, task difficulty needs to be adapted again (A4 ! A3).

Game Flow

Sweetser and Wyeth (2005) extended the flow concept specifically for games:
GameFlow. They transfer the concept of flow to games with the goal of designing
and evaluating enjoyment in games. Their model includes the eight dimensions
concentration, challenge, player skill, control, clear goal, feedback, immersion, and
social interaction.

For concentration, they argue among others that “players shouldn’t be burdened
with tasks that don’t feel important,” or that “games should have high workload,
while still being appropriate for the players’ perceptual, cognitive, and memory
limits,” and that “players should not be distracted from tasks that they want to need
to concentrate on.”

Regarding challenge, they state among others that “challenges in games must
match the players’ skill level” and that “games should provide new challenges at an
appropriate pace.”

In terms of player skill, they argue that “players should be able to start playing
the game without reading the manual” or that “game interfaces and mechanics
should be easy to learn and use.”

Fig. 7.1 Flow channel after
Csikszentmihalyi (adapted
Schell 2008)
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Similarly, they provide criteria for the dimension of control, (i.e., that players
should feel a sense of control over their actions in the game), clear goals, (i.e., that
games should provide the player with clear goals at appropriate times), feedback
(i.e., players must receive appropriate feedback at appropriate times), immersion
(i.e., players should experience deep but effortless involvement in the game), and
social interaction (i.e., games should support and create opportunities for social
interaction).

They further provide an evaluation of two similar games, Warcraft 3 and Lords
of EverQuest, using the gameflow criteria. They conclude that the gameflow con-
cept could be used as guidelines for expert reviews or other types of play-testing.

Another view on the flow concept in the context of games is proposed by Chen
(2007). He concludes three fundamental conditions for flow to occur: The game
(1) needs to be intrinsically rewarding, (2) offers the right amount of challenge to
match player ability, and (3) provides the player a sense of personal control over the
game.

Further, Chen explains that different players have different flow channels,
respecting the fact that hardcore gamers tend to have a more steep flow channel than
average gamers, or even novice gamers. Further, Chen explains that designers can
adapt players’ flow experience through the choices they build into the experience
(cf Fig. 7.2). Chen argues that for an enjoyable interactive experience, games
should offer adaptive choices which allow players to enjoy flow in their own
personal way and to embed choices inside the core activities to ensure that flow is
never interrupted.

Abrantes and Gouveia (2011) developed a survey to test for flow experience in
game. Their survey (questionnaire) uses the five dimensions: control, attention
focus, curiosity, intrinsic interest (Trevino and Webster 1992), and sense of time
(McKenna and Lee 2003). Those are based on the characteristics described by
Csikzentmihalyi.

Fig. 7.2 Flow experience
based on designer choices
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7.2.2 Player Modeling

The center of a game is its player(s). Hence, especially within the context of
adaptation, a major focus is the question of how to adapt a game to a player’s needs
and preferences. In order to be able to suitably adapt a game to a (set of) player(s),
player characteristics need to be known. Therefore, the concept of player modeling
will be the focus in this section, which covers how players in games can be modeled.

In order to have an impact, Serious Games must be more concerned than traditional games
with creating an accurate model of the player. This is in order to better tailor the game
experience to the player’s needs and preferences, including potential Non-Player Characters
(NPCs) to accurately communicate with and hopefully persuade the player.
(Encarnação 2009)

Up to date, there is a multitude of player models available focusing on different
aspects of players, their interaction with other players, or their interaction with the
game. Smith et al. developed a taxonomy of player modeling (Smith et al. 2011a, b).
In their taxonomy, a player model is defined by four dimensions: scope of appli-
cation, purpose of use, domain of modeled details, and source of model’s derivation
or motivation.

An application’s scope differentiates based on applicability, i.e., one player
(individual), a class of players, all players (universal), or hypothetical. In terms of
purpose, they differ between generative and descriptive. The domain specifies
whether the model defines game actions or human reactions. The source facet has
four characteristics: Induced (learned by algorithmic means), interpreted (con-
cluded via reasoning from records), analytic (derived purely from the game’s rules
and related models), and synthetic (justified by reference to an internal belief or
external theory).

Using this taxonomy, they classified 31 existing player model concepts. [Note:
The Passage player model was classified as both class-based and individual (the-
oretical and empirical). Thus, it appears three times in the taxonomy.] Table 7.1
summarizes the taxonomy by Smith et al.

One of the best known player models is Bartle’s player model (Bartle 1996).
Bartle categorizes players along two axes: acting versus interacting and players
versus world (see Fig. 7.3).

In the resulting four quadrants, four prototypical player types are placed.
Players who tend to act in connection with the world are called achievers. These

players are assumed to have most fun when trying to accomplish everything they
can within the game, i.e., solve every puzzle and overcome every obstacle in order
to have beaten all aspects of the game (i.e., obtain all achievements).

Players who tend to act in connection with other players are called killers. In
roleplay games, this is often associated with fighting, or otherwise comparing skills
with other players. Hence, the term killer was chosen to reflect this often-aggressive
style of play, where the supreme goal is to be the winner.

Players who tend to interact with the world are called explorers. Those players
usually focus on experiencing the game (world). Hence, they like to explore it to
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experience every piece of it, often trying to find hidden places or Easter eggs in
games.

Lastly, players who tend to interact with other players are called socializers.
Their favorite play style is talking, chatting, or otherwise interacting with other
players. In roleplay games, these players are usually connected to the aspects where
players play together, often with dialogue-intensive parts of the game.

Bartle’s player model assigns a value in the range [0...1] for each of these types
to a player, indicating to which extent the player is an achiever, explorer, etc. This

Table 7.1 Overview of player models according to Smith et al. (2011b)

Instance Scope Source Purpose Domain

“Speedrunner” and “Completionist” Class Interp. Descr. Active

Bartle’s player types Class Interp. Descr. Both

WoW guild archetypes (Thurau) Class Induced Descr. Active

PaSSAGE (Thue) Class Synth. Gen. Reactive

Storyboards (Fullerton) Hypo. Synth. Descr. Active

Ludocore (Smith) Hypo. Analytic. Gen. Active

Houlette Individ. Induced Descr. Active

Playtracer (Andersen) Individ. Induced Descr. Active

PaSSAGE (Thue) Individ. Induced Descr. Active

Race track generation (Togelius) Individ. Induced Gen. Active

NonyBots Individ. Interpret. Gen. Active

Drivatars Individ. Induced Gen. Reactive

Polymorph (Jenning-Teats) Individ. Induced Gen. Reactive

Interactive fiction walkthroughs (Reed) Individ. Synth. Both Active

QuakeBot (Laird) Individ. Synth. Gen. Active

IBM’s Deep Blue and Watson Individ. Synth. Gen. Active

Mario Bots (Togelius) Individ. Analytic. Gen. Reactive

PaSSAGE (Thue) Individ. Synth. Gen. Reactive

Heatmaps for Halo 3 Univ. Induced Descr. Active

Preference modeling (Yannakakis) Univ. Induced Descr. Reactive

Polymorph (Jenning-Teats) Univ. Induced Gen. Reactive

Engames tablebases (Bellman) Univ. Analytic. Gen. Active

EMPath (Sullivan) Univ. Analytic. Gen. Active

IMPLANT (Tan) Univ. Analytic. Gen. Active

Ludocore (Smith) Univ. Analytic. Gen. Active

Market Bots Univ. Synth. Gen. Active

Launchpad (Smith) Univ. Synth. Gen. Active

EMPath (Sullican) Univ. Synth. Gen. Reactive

Racetrack generation (Togelius) Univ. Synth. Gen. Reactive

Flow inspired (Czikszentmihalyi) Univ. Synth. Gen. Reactive

Mario bots (Togelius) Univ. Analytic. Gen. Reactive
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player model is also descriptive. According to Smith et al. (2011a), its scope is
class-based, the source is empirically interpreted, and the domain defines both game
actions and human reactions.

Laws (2002) describes a different approach that classifies role-players into the
following classes: power gamer, butt-kicker, tactician, specialist, method actor, and
casual gamer. The power gamer uses the rule system to maximize his/her power;
usually tries to use weaknesses in the system for his/her advantage. The butt-kicker
favors simple gameplay and action. The tactician wants rules to be realistic, con-
sistent, and logic, and favors tactical decisions over roleplay. The specialist focuses
on a special character type and its related class challenges. The method actor values
roleplaying his/her character above everything else. In contrast, the casual gamer
plays to be part of a social group, rather than for the game itself. This can be
considered a rather descriptive player model.

A more generic model is proposed by Houlette (2004). The model allows using a
set of player traits which can be freely defined according to the game domain. Each
trait is assigned a value in the range [0...1], indicating to which extent it is fulfilled
for a player. The least-mean-square heuristic is used to update player traits
according to

traitValue ¼ a � observeredValueþ 1� að Þ � traitValue

Here, traitValue is the value of the respective trait, which is updated using the
current value and an observed value, and a weighting variable a, which defines to
which extent the old value is weighted compared to the observed value. Depending
on observed player behavior (i.e., player choices, actions, etc.), traits are updated.
The entirety of traitValues for a player forms the player model.

Again, this is a descriptive player model. This player model’s scope is on
individual players, the source is empirically induced, and it defines game actions.

The process of player modeling in adaptive games consists of several steps:
First, an initial model of the player is established using player preferences. This
model is used throughout the game to adapt it. However, the model should be

Fig. 7.3 Player model after Bartle (1996) showing the two axes Players versus World and Acting
versus Interacting. The four player types are located between the axes
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updated during the game according to the player’s actions and behavior. This cycle
of reevaluating the player model and adaptation of the game is shown in Fig. 7.4.

Charles and Black (2004) and Charles et al. (2005) propose a player model based
on neural networks. Their system uses a feedback loop for measuring if an adap-
tation had a positive influence (according to its intention). They infer that if an
adaptation was bad, either the wrong adaptation was chosen or the player model
was incorrect. They use this data to then remodel player types and reevaluate the
adaptation algorithm.

Finally, the four player types do not seem to be mutually exclusive or inde-
pendent. Rather, preferences can take any value on the four aspects of modes and
objects of interest (e.g., Yee 2006).

7.2.3 Learner Modeling

Similar to a player’s role in a game in general, the learner is core to serious games
with a learning focus (i.e., Digital Educational Games). Thus, it is necessary to
capture learner performance in serious games. This incorporates not only a learner’s
knowledge state, but also learning styles, learning speed, and learning motivation.

Hence, learner modeling refers to capturing a learner’s state of knowledge,
learning style, and learning path, i.e., the order in which a learner acquires new
knowledge. Especially in digital learning environments—or games where learning
content might be presented in a predefined order—interdependencies between the
learner’s state of knowledge and the game progress are supposed to exist. There-
fore, the learning path is expected to become especially meaningful in such a
scenario. Learner modeling thus can be used to assess a learner’s state of knowl-
edge, learning preferences and learning style.

A well-established basic model for modeling knowledge of a specific problem is
the Knowledge Space Theory by Doignon and Falmagne (1999). Their model
focuses on observable solution behavior and does not consider learning objectives,
skills, or competencies (see also Chap. 10). They state that “‘knowledge’ of an
individual in a particular domain of knowledge can be operationalized as the solving

Fig. 7.4 Basic adaptive game system after Charles and Black (2004)
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behavior of that individual on a domain-specific set X of problems.” A learner’s
knowledge state is defined as the subset of problems he/she is able to solve.

An extension of the Knowledge Space Theory is provided by Korossy (1999).
Korossy introduced the Competency-based Knowledge Space Theory (CbKST).
The goal of this extension is to be able to link observable behavioral aspects with
the non-observable construct of skills or knowledge related to the behavior. Kor-
ossy defines performance as “…the observable solution behavior of a person on a
set of domain-specific problems.” Further, competence is defined as “a theoretical
construct accounting for the performance.” The term knowledge structure is further
defined as the pair ðX;KÞ where X is a set of problems and ðK is a family of subsets
of X, the empirically expectable solution patterns. The elements of ðX;KÞ are called
knowledge states. Finally, the knowledge space is defined a knowledge structure (X,
K) with ;;X 2 K and ‘K is stable under union’.

The concept of knowledge space theory is further extended by Heller et al.
(2006). Their extension links learning objects and assessment problems with rele-
vant skill. The Extended Knowledge Space Theory includes a set of assessment
problems, a set of learning objectives, and a set of skills relevant for solving
problems, and taught by the learning objects. Subsequently, the knowledge struc-
ture is defined K over a domain Q as the collection of possible knowledge states of
Q, with ;;Q 2 K. In this model, the knowledge domain is modeled using Hasse
diagrams.

Figure 7.5 shows a Hasse diagram of a knowledge domain with five elements
and dependencies between them. A dependency between element x and y is con-
sidered to be an “x-requires-y”-relation. For example, element b requires element a.

Based on the structure of the knowledge domain, the knowledge structure can be
deduced using the relationship between the elements of the knowledge domain. The
knowledge structure contains the set of all possible knowledge states. It further
includes knowledge about which knowledge needs to be acquired as a prerequisite
for another piece of knowledge. In Fig. 7.6, the corresponding knowledge space for
the knowledge domain in Fig. 7.5 is shown.

Valuable information can be gathered from the current knowledge state of a
learner.

Fig. 7.5 Example of a knowledge domain Q ¼ a; b; c; d; e and dependencies in form of a Hasse
diagram (from Heller et al. 2006)
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The outer fringe of a knowledge state is the set of problems which can be tackled
next based on the current knowledge state. It is defined via the successor states of
that knowledge state. Using the example from Fig. 7.6, the two successor states of
fa; bg are fa; b; cg and fa; b; dg. Those are the states which enhance the current
knowledge state about either fcg or fdg. Therefore, the outer fringe of the
knowledge state fa; bg is the set fc; dg.

The inner fringe indicates what a learner already knows and subsequently which
problems the learner can solve at this state. It can also be interpreted as what a
learner learned most recently. For the knowledge state fa; bg, this is the set fbg. For
the knowledge state fa; b; cg, it is the set fb; cg.

The Extended Knowledge Space Theory (Heller et al. 2006) extends the model
about the concept of learning objects and skills. The set of skills S contains relevant
skills for solving the problems of set Q. They are taught through the learning
objects of set L. This is meant to be a more fine-grained description of a learner’s
capabilities. A mapping r associates a subset of skills—the required skills—to each
learning objective. A mapping t associates a subset of skills—the taught skills—to
each learning objective. Thus, it is possible to define which skills need to be
acquired in order for a learning objective to be taught and what a learning objective
teaches the learner. Similar to the knowledge structure, the competence structure
can be modeled via a Hasse diagram (Kickmeier-Rust and Albert 2013) (see
Fig. 7.7). Thus, competencies are ordered in a semi-order using a directed graph
which is reflexive, anti-symmetric, and transitive.

A crucial part of learnermodeling is the assessment of a learner’s state of knowledge,
i.e., the assessment of the learner’s state of skills or competencies. In this context,
Kickmeier-Rust and Albert state that “assessment is the one thing in successful

Fig. 7.6 Example of the knowledge space for the skill graph shown in Fig. 7.5 modeled as a
Hasse diagram (from Heller et al. 2006)
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Fig. 7.7 Example of a competency graph modeled as a Hasse diagram (from Kickmeier-Rust and
Albert 2013)

adaptation” (Kickmeier-Rust and Albert 2012a, b), and further propose a list of
performance-related indicators considered relevant for serious games. Those are:

• Score
• Task completion rates
• Task completion times
• Task success rate
• Task success depth
• Progress in the game world
• Incongruent behavior

A score can be an in-game defined assessment of player performance (e.g., a
high score). Task completion denotes which percentage of a task was completed;
whereas the task completion time refers to how many times a task was completed.
The task success rate denotes the percentage of successful, i.e., correct completion
of a task, whereas success depth differentiates between different degrees of success.
Progress in a game world refers to how far players were able to go within a game.
This might be matched to player performance, which would be considered progress
steps related to obstacles/tasks that need to be overcome and for which knowledge
or special skills are required. Finally, it might be helpful to track incongruent
behavior as an indicator for succeeding by chance.

In the context of games, Augustin et al. (2011) provide a theoretical model for
assessment of knowledge and learning progress in digital learning games. Their approach
is basedonamathematical framework that describes a learner’sproblem-solvingbehavior
in an explorative, problem-oriented gaming situation. It is noteworthy that all concepts
based on the CbKST have share a common theme that domain experts are required to
establish the family of knowledge states (or competence states).
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7.2.4 Adaptation Concepts and Algorithms
in Educational Games

Next, existing adaptation concepts and algorithms in the contexts of learning and
games are reviewed, with some in combination with player and learner models.

A user model-based approach for adaptation of a learning game is proposed by
Carron and Marty (2012). In their approach, a desired user model is defined, which
reflects e.g., an improvement of a skill or something similar. The adaptation
algorithm responds to recognized deficits or unwanted player behavior and updates
the user model accordingly. The adaptation algorithm then chooses the appropriate
adaptations to achieve the desired model.

Bellotti et al. (2009) propose an adaptation engine that selects tasks based on a
player model. According to the definitions of player and learner models in their
work, the player model can also be considered a learner model due to the fact that it
models learning behavior, knowledge, and skill. Tasks are defined through
parameters describing their entertainment value, skill relevance, covered learning
styles, difficulty, difficulty adaptation range, and others. The adaptation algorithm
then calculates costs for sequences of tasks and chooses the optimal one.

Mehm et al. (2013) proposed an approach to enable an author of a serious game
via an authoring tool to define adaptivity within a scene-based game. This enables
the author to define adaptive story paths on a macro level, or micro adaptivity on
scene level. The latter means adapting scenes or scene properties to the charac-
teristics of a player. The authoring tool StoryTec (Göbel et al. 2008; Mehm et al.
2009) allows an author to specify which scenes or scene shapes are a best fit for the
right type of player and how a player model can be derived from player decisions
within the game (see also Sect. 7.5).

In the context of the <e-Adventure> serious games authoring tool, Torrente
et al. (2008) define an adaptive learning pattern that enables an in-game adaptation
that is able to fit different learning styles by displaying different game behaviors.
Their model operates on two layers: Choice of an individual game path to diversify
the learning experience, and choice of game content for a more fine-grained
adaptation. Those layers are comparable to the macro and micro adaptation of
StoryTec.

Further, there are various approaches based on agents (Westra et al. 2009).
The approach by Vassileva and Bontchev (2009) uses a 3-dimensional model

consisting of a learner model, a domain model, and an adaptation model. Predicate
logic was used to define adaptation rules. Rules are composed of starting rules,
pass-through graph rules, and rules updating the learner model. Based on the
present model, the adaptation engine calculates an optimal course for a learner
through the learning environment.

Spronck et al. (2006) use dynamic scripting to adapt opponent strategies in
roleplay games to provide players with opponents who match their skill level. They
assume that a player’s skill level improves while playing a game over a longer time
span. Thus, players should be held in the flow channel by using opponents which
adapt their skill based on the player’s skill level.
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Yannakakis and Maragoudakis (2005) define an algorithm based on criteria
which make a game interesting. Based on those criteria, they derive a metric using
difficulty, diversity in opponents’ behavior, and a preference to aggressive behavior
of opponents. They show that the use of their algorithm can generate more inter-
esting game instances for players using the game Pacman.

7.3 Adaptive Storytelling—Story Models,
Interaction and Sequencing

Stories have been used for thousands of years in human history. In ancient days,
people sat together around a fire and told stories—whether ficticious content or real
facts and incidents put into a suspenseful, exciting form. Later on, storytelling
concepts have built the basis for theatre and drama. Modern forms of storytelling
include (electronic) books, films and games. For that, well-proven narrative
approaches in the form of story models are used to “guarantee” a suspenseful story
(environment) for the overall game based on a dramatic arc. The big difference
between the different story forms is caused by the level of interactivity of the digital
media: Whereas books or films are usually linear, with the audience as passive
recipients “consuming” a story without interactions, computer games are charac-
terized as highly interactive, non-linear media with constant interaction by players.
Hence, players in a computer game have much more influence about the unfolding
process and control of a (story-driven) game compared to spectators in a cinema.

In the following, fundamental storytelling concepts and story models are
described, before mechanisms for interactive storytelling and the combination/use
of storytelling and/in games are discussed.

7.3.1 Story Models

Among the earliest attempts at finding formal structures common to stories are the
writings of Aristotle on drama. Finally, most story models are based on that simple
dramaturgic arc model of Aristotle (330 B.C.) for telling linear stories with the three
elements of Exposition, Rising Action to Climax, and Denouement (see Fig. 7.8).

Based on Aristotle’s observations, Gustav Freytag specified the pyramidal model
of contemporary drama (Freytag 1863; see Fig. 7.9). Here, after an exposition in
which the story’s protagonist is presented to the audience, the suspense of the plot
increases until a climatic event in the middle of the story is reached. Freytag posits
that the suspense should be released, leading to the end of the story in the form of a
catastrophe.

In modern stories, especially in popular movies, the catastrophe is replaced by a
Happy End, in which the story does not reach a tragic end. This is one of many
changes the classical model of storytelling has undergone to become accepted by
modern audiences. Another change concerns the shift of the climax from the strict
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middle towards the end, in order to capture audience (recipients) attention as long as
possible (as shown in Fig. 7.8).

With regard to its usage for film scripts, Field (1988) extended the Aristotle
model—whereby, script pages (=film minutes) are used for temporal structuring
(see Fig. 7.10). That model is based on certain rules (especially in the commercial
filmmaking business), which are the result of a detailed analysis of many successful
films. They are mostly guidelines, which are flexible—and can even be dismissed if

Fig. 7.8 Three-Act-Model based on Aristotle with the climax shifted to the end

Fig. 7.9 Pyramidal Model based on Freytag (1863), extending the Three Act Model by Aristotle

Fig. 7.10 Syd Field story paradigm with two plot points, adapted from Field (1988)
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the story calls for an unusual structure. Most of the popular narrative films follow
this dramatic approach, whereby dramatic scripts are linear and chronological.

A plot point represents a significant change in the story; for example, the hero is
confronted with a new and unknown situation. The central point in the middle of
the story is used to separate the second, longest act into two halves to keep up the
suspense through this act (see Fig. 7.11). As for the timeline of the plot itself, there
are some basic rules, which are only rules of thumb, but seem to be generally
accepted in the film industry, e.g., the common film is *120 min long, one page of
script is equivalent to 1 min of film, the first act shouldn’t be longer than 30 min, in
the first 10 min the hook has to take place (audience attention has to be locked) and
all the necessary information has to be conveyed (who is the hero, what is the story
about, what is the hero’s aim, what is the conflict, etc.), in a dialogue each character
should have no more than 2 or 3 lines to say, monologues should be avoided, or a
scene should not be much longer than 3–4 min.

Further story structures and dramaturgic models are provided by Tobias (1999),
providing 20 master plots, or by the Russian formalist Vladimir Propp (2010), who
analyzed hundreds of Russian fairy tales and extracted 15 morphological
functions/components appearing in all these stories. Further, Propp defined char-
acters (Dramatis Personae) representing rules within the stories, e.g., an enemy, a
hero, a magic agent (helper) or a princess (prize/award). Hereby, Propp’s Mor-
phology of the Folktale provides a description of folktales according to their con-
stituent parts, and the order in which they appear. The functions of characters serve
as stable, constant elements in a tale, independent of how and by whom they are
fulfilled. The number of functions known to the fairy tale is limited and the
sequence of functions is always identical. There are only few variations of this rule.

Although Propp’s work is mainly descriptive, its abstractions also allow for
generative purposes, and have already been used as the base for storytelling sys-
tems. Fairclough and Cunningham (2003) describe a massively multiplayer online
role playing game (MMORPG), where the story is controlled by a director module,
using a case-based system combined with a rule system based on Propp’s functions.
Grasbon and Braun (2001) also describe a story director that provides high-level
guidance of the story, by means of rules based on Propp’s morphology. Machado
et al. (2001) describe an architecture for guiding collaborative story creation that is
also based in this morphology. These approaches demonstrate the applicability of
Propp’s morphology to interactive storytelling.

Fig. 7.11 Timeline sketch for the three acts model and with two plot points
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Campbell (2008) analyzed the myth of the hero in different kinds of stories from
various regions and times. In all his stories he found the same story model, which he
later called the hero’s journey, or monomyth. The latter conceals Campbell’s true
meaning: Not only are myths structured in the form of the monomyth, but also all
existing stories, even every joke, can be traced back to these ancient rules of sto-
rytelling. Following this postulate, applications for digital storytelling should also fit
into this model—after all, they are also stories. Campbell particularly analyzed
myths with regard to their symbolic meaning and tried to extract their psychological
meaning as well. He realized that every adventure can be interpreted as an inner
journey of a hero. This way each myth contains insight and self-awareness.

It is a journey in which the hero grows and changes. He begins his journey with a particular
state of awareness. He then comes into an in-between-world, where his original state cannot
be held. In this world he learns of his fears, his self-dillusions and his true qualities.

Vogler (1998) took Campbell’s monomyth and adopted it into a manual for
scriptwriters: “Modern heroes may not be going into caves and labyrinths to fight
mythical beasts, but they do enter a Special World and an Inmost Cave by venturing
into space, to the bottom of the sea, into the depths of a modern city, or into their
own hearts.”

The story of the hero’s journey begins in the ordinary world of the hero (see
Fig. 7.12). The hero is introduced in his everyday surroundings. An incident that
leads to the action is depicted in all popular story models. Seger (1997) writes about
a catalyst, while McKee (1997) quite simply calls it the inciting incident. Other
terms are point of attack, impetus, or in the hero’s journey, the call to adventure. In
any case, the calling has to prevent the hero from living his life the way he used to.
How this happened is left to the author.

Most heroes refuse the call to adventure at first. In this case a mentor helps the
hero to overcome his fears or reluctance and start his journey. The character of the
mentor is well known from fairytales and myths; it is often an old man or old
woman who gives magical gifts to the hero. If there is not an actual mentor, many
scripts include an element which takes over the functions of a regular old man or
woman. An item could give the hero courage, information or anything else that
might help him to overcome the first threshold.

Fig. 7.12 The structure of the Hero’s Journey, adapted from Vogler (1998)
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When the first threshold is overcome the adventure—and the actual story—
begins. There might be riddles to solve or obstacles to fight at the threshold, but the
phase of testing usually starts after the first threshold has been successfully
overcome.

The hero now has entered a special world—according to Campbell the place of
initiation. This phase is also well known from fairytales, for instance Russian
fairytales analyzed by Propp (2010): The hero learns about the special world and
has to pass tests in preparation for the supreme ordeal (crisis). At first, the tests are
easy—but they become more and more difficult in time, and seemingly unman-
ageable close to the end, when finally the last test takes place: The supreme ordeal.
The supreme ordeal is connected to a heightened suspense: The hero goes through a
crucifying time. He has to stand up to his own deepest fears and has to fight for his
life. This crisis has to be so stirring and thrilling that the hero is changed forever.

After the hero has surpassed his supreme ordeal, he/she will be rewarded for
bravery. Joseph Campbell writes about the hero’s new self-awareness as the reward,
but Vogler tells scriptwriters to include a more worldly reward—primarily that the
hero is accepted as a hero now.

After the supreme ordeal, the hero travels back to the ordinary world. Before the
hero reaches home, one further event has to occur, so the hero can prove
him/herself. He/she is tested one last time, and once again applies the newly
received knowledge and experience to escape death. With this resurrection, the hero
is reborn and comes home as a new (wo)man.

7.3.2 Interaction—Interactive Storytelling

The story models described so far are primarily settled and well proven in the fields of
literature, theatre, or film/cinema. These domains are characterized by linear story
representation and non-interactivity (of course in the case of theatre, the actors have
the chance to receive some kind of generic feedback by the audience and can consider
it during the ongoing play/their performance). In sum, the audience (users/recipients
of a story) is passive and has no chance to interact or to influence the story. In
contrast, interactive media such as computer games are characterized and dominated
by interactive setups and (continuous) user interaction. This leads to the field of
Interactive Storytelling—the relationship between storytelling and games.

The international game developers association (http://www.igda.org/) describes
that transformation process of linear storytelling to interactive storytelling (i.e.,
interactive media such as videogames) as follows:

Interactive Storytelling: Stories have most likely been part of the human
experience from the earliest days of language, but until recently the story-
telling medium has been largely static. Barring different versions of the same
story, any given tale unfolds the same way every time a person reads it.
Computer games promise the potential to move beyond this strictly linear
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form by offering stories that interact with the player, allowing them to par-
ticipate in the decisions or actions that shape the narrative.

Both approaches—storytelling (dramaturgy, suspenseful stories) and games
(play, interaction)—are used to improve the user experience and to increase the
motivation of users and user engagement in general. However, these approaches
fundamentally differ from each other, with a conflict between narration (linear
approach, dramaturgy, plot) and interactivity (interaction, user participation, game
approach). As indicated above, Chris Crawford and others suggest that this never
will work together. In the Interactive Storytelling research community, this phe-
nomena is summarized as a narrative paradox (Louchart and Aylett 2003)
(Fig. 7.13).

Lindley (2004) also tackled the narrative paradox by elaborating the ludic space
with the three-dimension simulation, ludology, and narratology—with the latter
two directly addressing the contradictory poles of the narrative paradox. Different
media types, game genres, and dedicated games are sorted within the ludic space
according to their characteristics in terms of interactivity (ludology) and narratology
(story-based approach).

Adaptive Storytelling Systems

Corresponding to the narrative paradox and the gap (continuum) between prede-
fined stories (structures, following a story model) and emergent narrative (stories
evolve depending on user input/interaction), storytelling systems might be cate-
gorized in plot-based systems (with a focus on narration), emergent narratives (with

Fig. 7.13 Ludic Space—derived from Lindley (2004)
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a focus on interactivity, e.g., Aylett (1999), Figueiredo et al. (2008), Kriegel and
Aylett (2008) or Louchart et al. (2008) and guided character-based systems (as
mixture, cf. Hoffmann et al. 2005).

Much research effort has been investigated so far in order to overcome that
obstacle of the narrative paradox; up to now, there has been no well-proven system
combining both approaches, i.e., providing a suspenseful, exciting story/plot AND
enabling the user/audience to interact and influence the story (story unfolding
process). Mateas and Stern (2003, 2007) created Façade, which often is referenced
as most promising system for Interactive Storytelling, and directly addresses the
narrative paradox (see Fig. 7.14).

In fact, Façade also might be categorized as guided character-based system,
since the underlying methods and concepts (a) include a drama manager as a story
engine to provide a red thread of the story and (b) enable the user to interact with
the two protagonists Grace and Trip to influence the story (an unfolding process)
via a chat system (see Fig. 7.15).

Within that context, the strong relation to computer games (in particular the
game genre of Role Playing Games, RPG) also becomes obvious: The role of the
human Game Master in pen-and-paper RPG’s (cf. Sect. 8.2) might be compared
with a drama manager in an Interactive Storytelling system.

Besides, Façade indicates the trend to use more and more AI (Artificial Intel-
ligence) and (path/story) planning technology within Interactive Storytelling (sys-
tems), as basis for both sequencing scenes and the unfolding process of dialog parts
within a scene. Most prominent examples underlining that trend provide Riedl and
Sugandh (2008) as well as Stern (2008), Ryan (2008), and Cavazza et al. (2008).

Further information about these research and technical development (RTD)
trends and future perspectives of interactive storytelling have been elaborated in the
Network of Excellence’s IRIS—Integrated Research in Interactive Storytelling
(Cavazza et al. 2008, 2009), see also http://iris.interactive-storytelling.de/).

Fig. 7.14 Façade screenshot,
accessed from http://www.
interactivestory.net/#facade
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7.3.3 Sequencing—Linear and Non-linear Story Forms

With respect to the question of how a story or game continues at a specific moment
during play, Fig. 7.16 presents the main classes of story forms, and the pros and
cons of their usage for sequencing in (storytelling based) systems and applications
such as serious games.

Fig. 7.15 Façade—Architecture: Drama Manager as Story Engine

Fig. 7.16 Story Forms: Linear (left), branching, non-linear (center), modular, re-use (right)
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The simplest form represents the linear approach. The advantages are obvious:
The author has full control of the story and it is quite easy to implement that
approach (exactly one possible sequence of game levels, game situations) from a
game developers’ perspective. In contrast, the major drawback is the lack of flex-
ibility and possibilities for personalization and adaptation. Branching is a little more
complex than the pure linear approach and more expensive in terms of content
production; however, there is still full authorial control and a lack of flexibility for
sequencing and adaptation.

In this context, Nandi (2004) provides an interesting approach, discussing the
question: “Who has control about what is presented at which time of the story?” He
compares films, graphic novels (comics etc.) and interactive media, and summarizes
the first two under the term sequential art. Nandi points out that time control is an
essential difference in consuming the narrative: The reader has control over the flow
in graphic novels, while the author and director impose the rhythm of the telling to
the viewer. Crawford (2004) supports this view, when he says that continuous play
of a complete story is not possible: “(…) a story world is composed of closely
balanced decisions that could reasonably go either way. These decisions require
thought from players; they cannot be made in split second.” Thus, unless the
decisions are very simple, an unbroken time flow is not possible.

This problem of missing authorial control grows worse in the case of story
worlds including chats or direct dialogues between users and/or with virtual
actors—as in Façade, which Szilas (2004) describes as “key feature of interactive
drama, (which) allows the user a wide range of dialog choices during the inter-
action.” Such unstructured parts of interaction, in which we can include games as
well, may entirely blow any concept of time control, but empirical knowledge helps
to deal with some of them. Practically, traditional and recent board games such as
Monopoly or Siedler are excellent examples for this, because all of them provide
average game times that astonishingly seem to match reality in many cases (even
when taking into account the difference between playing a game at a first run or
several times).

The non-linear approach is more flexible and provides much more freedom for
adaptation and sequencing of story units (in game levels/game situations) due to the
variety of transitions per story unit. Nevertheless, there is a limited possibility to
combine and reuse story units in different scenarios, story lines, and contexts, i.e.,
different user groups, game lengths, or game modes.

Within the modular approach, the set of story units might be understood as a sea
of story modules, which might be (in principle) freely connected and combined
with each other. This approach builds the basis for emergent narrative Storytelling
systems—(Figueiredo et al. 2008; Louchart and Aylett 2004)—and offers best
opportunities for adaptation—with an almost endless set of possible storylines/paths
or sequences of story modules. On the other hand authorial control is very limited
and the player gets more or less full control over the scenario—and it becomes quite
difficult to “guarantee” a suspenseful story. Besides, from a developer’s perspec-
tive, it is practically neither possible to produce fully elaborated content for any
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(theoretically possible) evolving story, nor to provide adequate AI mechanisms for
(appropriate) automatic content production “on the fly” during play.

A mixture of sequential, linear and non-linear, modular elements is often used
within role(play) games using the so-called String of Pearls technique for sub-linear
narration (see Fig. 7.17). A serious of explorative worlds is hereby interconnected
in a nonlinear form. Examples of this include the Final Fantasy Series (Final
Fantasy 2004) or Tomb Raider (Tomb Raider 2004).

Hoffman et al. (2005) provides further information about the use of storytelling
mechanisms and the use of different linear and non-linear approaches within edu-
tainment applications. In that context, Göbel et al. (2006) also provides a rough
algorithm implementing interactive storytelling applications in museums, which
consider story pacing (timing) mechanisms for sequencing linear and interactive
story units.

7.4 Narrative Game-Based Learning Objects

For integrating adaptive storytelling and gaming mechanisms within personalized
digital educational games, Göbel et al. (2010) elaborated the concept of narrative
game-based learning objects (NGLOBs). This section represents an excerpt of the
original work and describes the conceptualization and the resulting formalized
definition of NGLOBs. The concrete implementation is presented in the course of

Fig. 7.17 String of pearls model
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the best practice example 80Days in the next section. Hereby, the understanding of
the terms macro adaptation and micro adaptation is as follows:

In contrast to the original definition by Cronbach (1967), the interpretation of the
authors for micro and macro adaptation is that micro adaptation is an adaptation
inside a scene/situation of the game, i.e., shaping it. Macro adaptation, on the other
hand, concerns the question of how to proceed with the game, i.e., which
scene/situation (or a game level) to choose next (cf. sequencing).

7.4.1 Conceptualization of Narrative Game-Based
Learning Objects

In a first step, formalization of narrative, gaming, and learning objects is briefly
discussed in the respective contexts of learning, gaming, and storytelling. Hereby, a
major aspect during the conceptualization of NGLOB has been set on the inte-
gration of measurable, quantitative, and qualitative elements and annotations of
narrative, gaming, and learning contexts.

Personalization and Adaptation in the Learning Context

Adapting DEGs while incorporating learning issues mainly consists of adapting the
game’s story structure (macro adaptation, sequencing), or to trigger appropriate
pedagogical interventions (micro adaptation, personalized presentation of a scene)
(Conlan et al. 2006).

Therefore, it is necessary to track and to evaluate the learner’s knowledge state
to obtain a sound basis for decisions to be made. Based on the gathered information,
the next scene presented to the player should be determined in a way such that the
learner is neither unchallenged nor overwhelmed by the complexity of the con-
tained tasks. Rather, it should be ensured that learner knowledge is steadily
increased up to full knowledge mastery.

Based on the CbKST (see Sect. 7.2.3), a set of skills S, and a prerequisite
relation R among these skills, is defined by the author. The given relation is stored
in the DEG’s learning context. R provides a way to derive a competence structure C
from the skills of S. Let a knowledge state KS be a set of skills 2 S satisfying the
condition

If ðs; s0 2 SÞ ^ sRs
0 ^ ðs0 2 KSÞ; thenðs 2 KSÞ

C ← then is the sum of all knowledge states KS. Using C the player’s
knowledge state can be determined and meaningful learning paths can be provided.

Skills are presumed to be not observable atomic competences, or pieces of
knowledge obtained by the learner. These are uncovered by associated tasks, which
each require a certain subset of skills to solve them. Additionally, an availability
probability api for each skill skilli in the set of all skills describes how far the skill
can be assumed to be already gained by the learner. Using a probability instead of a
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binary solution like “the learner has achieved skill x” or “the learner does not have
skill x” prevents wrong assumptions, as lucky guesses and careless errors made by
the player can introduce noise on the measurement of certainty. The subset of skills
that are gained up to a certain time are defined the actual Knowledge State KSj of
the player; refer to Figs. 7.5 and 7.7 in Sect. 7.2.3.

To support such a concept within a story-based DEG such as 80Days, each scene
must be assigned with a subset P ← of all skills, which are assumed necessary to
solve tasks associated to the scenario. P ← is called the scene’s Prerequisite Skills.
Further, each scene is associated with a subset of skills that is meant to be improved
by the covered learning objects. This set, the Associated Skills A, describes the
knowledge gain that can be expected if the scene’s challenges are successfully
mastered. After finishing a scene, the availability probability value ap of all skills in
set A← must be updated. To realize this, actions triggered by the user (e.g., right or
wrong answers, clicking at the right position of an image) can be used to increase or
decrease api of a particular skill skilli or a set of skills. The amount of update is
defined by the author and depends on the learner’s performance (e.g., increase skilli
much for a correct answer, increase it lower for a partially correct answer or
decrease it for a wrong answer).

To determine the next meaningful scene for the player’s learning progress, the
parameters stated above are used to assign an appropriateness value av to each
available scene. Scenes where the prerequisites P ← are not fully contained in the
player’s knowledge state KSj receive a value of zero, because the scenes are not
suitable for the learner up to that time. A skill skilli is assumed to be element of KSj if
its availability api exceeds a certain threshold pmin. Among the remaining scenes,
those are rated with higher values for av that deliver a reasonable set of additional
skills in A ← when accomplished. Having assigned av to each scene, all scenes can
nowbe ordered according to their quality tofit as the next scene in the learning context.

Personalization and Adaptation in the Gaming Context

Adaptation according to the gaming context means changing the game in a way
fitting better to a determined player model. For that we use an approach based on
the player model proposed by Bartle (1996), which distinguishes four categories of
players: Killers, achievers, socializers, and explorers. However, in our model, we
do not sort a player into one of these categories. Instead, for a player P we assign a
model MP ¼ pk; pa; ps; peð Þ, which is a quadruple of normalized values ranging
from [0...1], indicating how much the player fits into each category.

The player model can be assigned by applying a questionnaire at the beginning
of the game to find out the player’s preferred style of play. However, as player
interests and preferences depend on various factors such as mood, excitement, etc.,
this player model can change during play. The game needs to keep track of these
changes by evaluating the player’s decisions and putting them into a gaming
context. Whenever a situation can be handled in more than one way by the player,
the different options have to be put into a context by the author in advance. When
the player chooses an option in the game, the player model gets adapted/updated.
A simple example clarifies this: The player must retrieve an item from an NPC.
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He/she can either talk to it and try to persuade the NPC to give the item to the player
or he/she can simply attack the NPC. Obviously, the first option is strongly related
to the socializer type while the second one is a typical killer approach.

To decide which scene to choose next from the current scene according to the
player model, a gaming context CN is assigned to each NGLOB to indicate how
good the scene fits for each player type. This can easily be done by assigning an
appropriateness vector A (playerFeature; appropriatenessFactorÞ as a list of tuples
to each scene Si. The length of this vector depends on the number of modeled
features. Of course, we use the same model as for player modeling. Scenes are then
ordered according to an evaluation metric, which calculates an appropriateness
value av for each scene, making use of the player model and the appropriateness
vector A. The one with the highest value is the best candidate for the next scene
according to the current player model. One such metric could be as follows: Let n
be the number of features of the player model. Appropriateness value avi of scene Si
for player model Mp is:

avi ¼ 1
n

X

j2ffeaturesg
1� ai;j � mj

�� ��� �

Here, the factor 1
n is a normalization to the interval [0,1]. Inside the sum, for each

of the player types the difference between the model value mj and the appropri-
ateness value of scene i ai;j is calculated as ai;j � mj

�� ��� �
and subtracted from 1. By

this, the matching of model value and scene value is normalized between 0 (no
match) and 1 (total match). Table 7.1 provides an example of a player model and
four scenes. In the last row the appropriateness of each scene is shown. Note that of
all scenes, Scene 2 is closest to the example player model. Consequently, the
calculated appropriateness value of Scene 2 is the highest one (Table 7.2).

Personalization and Adaptation in the Storytelling Context

From a storytelling perspective, the major challenge is to overcome the Narrative
Paradox (see also Sect. 7.3.2) providing both (a) a motivating, thrilling and sus-
penseful narrative environment based on well-proven story structures and patterns
such as the Hero’s Journey (Campbell 2008; Vogler 1998) and (b) an adaptive,
interactive environment, enabling the user to interact and (at least in parts) take
control of the story structure during play. Therefore, the system needs to take into

Table 7.2 Appropriateness of four example scenes to the player model

Player model Scene 1 Scene 2 Scene 3 Scene 4

Killer 0.80 0.00 0.90 0.20 0.40

Achiever 0.00 0.60 0.10 0.00 0.40

Socializer 0.00 0.80 0.00 0.00 0.60

Explorer 0.40 0.00 0.40 0.80 0.60

Appropriateness value av 0.40 0.95 0.75 0.60
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account player/user/learner characteristics as well as overall (learning/knowledge
transfer vs. gaming) strategies defined by an author (pedagogue vs. game designer),
which implicitly decreases the level of influence by the user/player/learner.

As a result of extensive research tackling the Narrative Paradox and the use of
appropriate and flexible storytelling methodologies (Louchart and Aylett 2003;
Göbel 2009; Champagnat 2008). Göbel et al. (2009) suggest the use of a combined
approach based on the Hero’s Journey as underlying, well-proven (mostly linear)
story model and emergent, non-linear parts: The middle part of the Hero’s Journey,
with the dramatic step of The Road of Trials, is very flexible, and provides the
possibility to integrate as many story units as needed and to combine those units in
any order. Because of that, this story part is especially suitable for adaptation and
personalization. As the scenes can be ordered in various ways, it is possible to
provide an individual learning and gaming to the players. Furthermore, the possi-
bility for replay is increased if a new game can run in completely different manner.

7.4.2 Definition of NGLOB

Starting with the storytelling perspective, Narrative Objects (NOBs) represent the
smallest, atomic units of story-based DEG. For the formalization of NOBs and
narrative contexts, the idea is to map and annotate NOB as far as applicable,
corresponding to the steps and dramaturgic functions of underlying story models—
such as the Hero’s Journey.

Narrative Object: A basic unit of a story-driven application that has a
specific function in a story model (e.g., introduce the protagonist or serve as
climax of the story).

With respect to learning issues, the idea is both to formalize learning and learner
context and to provide machine-readable information about associated and pre-
requisite skills of a learning object (LOB) respectively learning situation based on
the CbKST. Thus, for sequencing purposes—presumed that an open, modular,
emergent (narrative) environment is available without hardcoded transitions as in
pure linear approaches—it is possible to decide whether a learning situation is
appropriate for a specific learner (learner has prerequisite skills) or not (learner
would be overstrained).

Learning Object: An atomic-level, reusable unit of learning content. By
combining learning objects on similar topics, a learning application can be
composed.
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Concerning the gaming context, the interaction concept in form of interaction
templates (e.g., drag-and-drop, multiple-choice and puzzle templates in classic
courseware or an explorative 3D environment) provides useful attributive infor-
mation. Second, similar to the learning context, the idea is to build a correlation
between gaming situations/GOB and the users (i.e., players in the gaming context)
and underlying player models. Hence, all gaming situations are set into context with
player types and annotated with appropriateness factors.

Gaming Object: A basic unit of a game or game-like application.

In sum, the model for a NGLOB is built by a composition of context information
resulting in a triple vector CNxCGxCL. The narrative context CN provides a list of
tuples (storymodelStep; appropriatenessFactor), whereby storymodelStep is
encoded by the initials of a story model (for instance “SM HJ” for Hero’s Journey)
plus a number for the step/part of that model. The parameter appropriatenessFactor
indicates how much the scene fits to the according storymodelStep and is nor-
malized in the range [0,1]. The gaming context CG primarily tackles the appro-
priateness of individual GOB and gaming situations for different players and player
types. Analogously to the narrative context CN , the gaming context CG also pro-
vides a list of tuples (playerFeature; appropriatenessFactor). Here, “PM BA x”
describes the player type based on the classification of Bartle. For example, “PM
BA E, 0.9” indicates that the GOB is very appropriate for the Bartle player type
“Explorer”. The model for the learning context CL provides a vector composed of
two parts listing all Associated (Axyz) and Prerequisite (Pxyz) Skills for a specific
learning situation/LOB, whereas ‘xyz’ is a unique identifier. In Fig. 7.18, an
example for such a NGLOB is provided:

Apart from that quantifiable part described above, the model for NGLOB con-
tains further descriptive elements such as short texts/abstracts summarizing the
synopsis of narrative, gaming, and learning functions of a specific NGLOB.
Examples are provided in the next section in the course of 80Days as a best-practice
example for adaptive digital educational games.

Fig. 7.18 Quantifiable part of the model for Narrative, Game-based Learning Objects
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7.5 Adaptive Digital Educational Games—Best
Practice 80Days

Inspired by the Jules Verne novel Around the World in Eighty Days, the idea for
project 80Days was born. 80Days—Around an Inspiring Virtual Learning World in
Eighty Days (http://www.eightydays.eu) was initiated as an EU-funded project in
FP7, situated in the ICT field of Technology-enhanced Learning (contract number
215918). The project ran from April 2008 to September 2010. The overall aim of
80Days was to combine adaptive learning, storytelling, and gaming technology in
order to build intelligent, adaptive, and exciting learning environments in the form
of story-based digital educational games (see Fig. 7.19, left).

Key research and development aspects tackled the (cost-)effective (yet high-
quality) creation of personalized (playful) learning content matching the preferences
(learner and player model) of individuals as well as the question “How does a story
continue at a specific moment during play?”

Concerning content production and authoring, ETH Zurich elaborated automatic
content creation mechanisms to build a 3D virtual environment based on satellite
images, and TU Darmstadt developed an authoring tool supporting authors (e.g.,
teachers) to create playful, adaptive learning content. Hereby, special emphasis was
set on the support of authors with little to no programming skills.

Referring to personalization and adaptation, TU Graz and Trinity College Dublin
worked on micro and macro adaptation mechanisms for intelligent, adaptive
knowledge transfer. Based on those mechanismsm the NGLOB concept was
elaborated by TU Darmstadt. Industrial partners Takomat and Testaluna focused on
the practical aspects, including implementing educational game(s) into a 3D
environment—using a game engine enhanced by a character engine to control Feon,

Fig. 7.19 Technology-enhanced Learning with Storytelling and Gaming (left), and Feon as the
main Character of the 80Days game (right)
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the main character of the 80Days stories (see Fig. 7.19, right). Finally, the
University of Leicester was responsible for the evaluation portion of the project,
and contributed valuable results and insights about effects of digital educational
games (primarily user experience).

During the course of the project, the interdisciplinary consortium prototypically
implemented two games:

• A fully elaborated demonstrator game titled Save the Earth for teaching geog-
raphy—with a target audience of 12–14 year-old students in European
countries.

• Bat Cave as a technical demonstrator to validate authoring theoretical concepts
and mechanisms (using the authoring environment StoryTec), and for macro
adaptation (sequencing) and micro adaptation (shaping individual story/game/
learning situations according to the players/learners preferences).

In the following these games/game environments are analysed in detail.
Further comprehensive information about the 80Days project, its tangible out-

comes, and underlying research concepts is provided at the project website http://
www.eightydays.eu and the 80Days Methodology Guide Book (Kickmeier-Rust
2012a, b, see also http://www.eightydays.eu/mgb.html).

7.5.1 Save the Earth

The demonstrator game Save the Earth is intended to teach geography for a target
audience of 12–14 year-old students, and follows European curricula on the sub-
ject. The consortium identified the type of an adventure game as promising genre
for this area. Then, the major task (and effort) was to transform existing learning
content for the topics covered in the curriculum to playful learning game elements.

Story

Within the adventure game, the learner takes the role of an Earth kid. The game
starts when a UFO lands in a backyard, and an alien named Feon contacts the
player. Feon is an alien scout who has to collect information about Earth. The
player assists the alien in exploring the planet and creating a report about the Earth
and its geographical features. This is accomplished by having the player fly to
different destinations on Earth, and explore them, while collecting and acquiring
geographical knowledge (Fig. 7.20).

Gameplay

During play, the player navigates aUFOand explores theworld (Europe in particular).
As soon as the UFO reaches a certain city, it is beamed to earth and the player (i.e.,
learner) gets information about geographical topic that is associated with individual
cities, their corresponding countries, and geographic locations (Fig. 7.21).
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Story structure

For the overall narrative structure, the story model of the Hero’s/Writer’s Journey
(Campbell 2008; Vogler 1998) has been identified as most appropriate referring to
the needs and aims of 80Days: On the one hand, it provides a clear overall story
structure—based on a well-proven dramaturgic model—being used as red thread of
the 80Days story Save the Earth. On the other hand it is flexible enough to realize
adaptation (by means of adaptive Storytelling, Learning and Gaming): Micro
Adaptation can take place in all story units/game situations. The Road of Trials part
of the Hero’s Journey is predestined for non-linear macro adaptation (sequencing)
(Fig. 7.22).

Fig. 7.20 80Days geography game Save the Earth—underlying story design, derived from The
80Days Game (Schwarz et al. 2012) published in Kichmeier-Rust and Albert (2012a, b)

Fig. 7.21 GamePlay—Air Race over Europe (left), Landmark in Paris (middle), Map Task (right)
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In 80Days, learning content and game design is structured in two levels: On a
higher level, so-called micro missions—similar to game levels—are used. This
level also corresponds to the steps/units of the Hero’s Journey. On a narrower
level, the micro-missions are composed by a number of situations. All situ-
ations have three dimensions: Storytelling dimension (dramaturgic function),
Gaming dimension (gaming function), and Learning dimension (learning
function, which subject should be taught). The multi-axes situations represent
the smallest, atomic units of the story/game, corresponding to NGLOBs.

The overall story structure of Save the Earth follows the story model of the
Hero’s Journey described above (see Fig. 7.23): An Intro Screen with a
pre-assessment to categorize player/users, a Cinematic Intro to initiate the story—
corresponding to the first departure of the Hero’s Journey, an Interactive Tutorial
introducing the topic and providing information about the gameplay—might be
understood as Crossing 1. Threshold; the micro missions MM1 to MM4 represent
different game levels or quests—referring to The Road of Trials in the middle part
of the Hero’s Journey. Further story/game units would be necessary to cover the
remaining steps of the Hero’s journey (i.e., the later steps of the initiation phase and
the return phase, see Fig. 7.22).

Fig. 7.22 Story Model of the Hero’s Journey (left); Linear and Modular Story Units (right)
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Adaptation

Concerning intelligent personalization, adaptation and the re-use of (learning)
content for different user scenarios and contexts, the 80Days consortium has
elaborated different concepts:

• On a game level, different game modes have been introduced, which represent
different (speed/sensation seeking) versions of the game. For instance, within
the relaxed version, the game provides explorative flying without any time
pressure; within the driven version, there is some time pressure and Feon
motivates the player to hurry up at certain moments; the fast version provides a
distinct time limit, exciting background music, etc. These game modes are set
into relation with the player types.

• For macro adaptation and sequencing of micro missions or story/game situations,
all missions and situations are annotated referring to its dramaturgic (story-
telling), gaming and learning function and additional appropriateness factors for
individual learner and player types or a dramaturgic function of a story model (cf.
NGLOB concept). During play, based on the NGLOB concept, the most
appropriate next situation/micro mission is selected, which considers both the
current gaming context and the player/learner type and knowledge space.

Fig. 7.23 First part of the story structure of the 80Days game Save the Earth
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Fig. 7.24 Architectural framework with a three-layered structure: conceptual layer (models, top
of image), run-time components (engines, middle of image) and content layer (repository with
game and story assets, etc.)

Fig. 7.25 Authoring Tool StoryTec—Main GUI with the Story Editor (lower left part), Stage
Editor (upper left part) and the Objects Browser and Property Editor (right side)
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How does the adaptation and personalization work in practical terms? Within a
login screen at game start, the players (i.e., learners) are asked to provide some
information about their age, gender, game experience and sensation seeking ten-
dency. Based on these assessed criteria, the users’ preference for different game
modes is estimated; the user is then assigned to one of the user groups related to the
game modes (relaxed, driven, or fast version) as basic configurations/versions for the
different player types. Then, during play the player/learner behavior is continuously
observed and the player/learner model is updated accordingly. Based on the NGLOB
concept, a next “best-fitting”micro mission/situation is selected. The basis for this is
all micro missions and situations are annotated according to the three dimensions of
storytelling, learning, and gaming—including appropriateness factors of the situa-
tions for the different player/learner types, and dramaturgy steps of a story model.

Game Design Document

Each micro mission as well as the Cinematic Intro provide a unique ID and a short
description/synopsis, optionally a visual representation (e.g., a sketch) and it is split
into storytelling (StS), learning (LeS) and gaming/gameplay situations (GpS) on a
narrower level (Table 7.3).

The situations themselves vary in its emphasis on either one specific context
(e.g., a pure story-driven situation without any gameplay and minor/nor learning
effects, see situation CI_scene1 in Table 7.1) or a combination of contexts (e.g., LeS
1.3 as game-based learning situation, see Table 7.4).

So far, that kind of style for a Game Design Document might be useful for
authors, serving as compact storyboard; however, from a technical point of view the
problem is the lack of metrics—quantifiable information necessary to be interpreted
and processed by computing machinery systems—e.g., in order to determine
whether a situation is appropriate to fulfill a specific dramaturgic step within the
story model of the Hero’s Journey or not.

Table 7.3 Extract from the game design document for the cinematic intro

Characteristics Description

Situation CI_scene 1

Short description We see the original NASA film footage of the Apollo 8 mission

Picture

Function for story Create the beginning of a mystery story; set the mood and frame of the
story..

Function for
learning

This is a visual metaphor for our philosophy for teaching Geography..

Function for
gameplay

–
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For that, the concept of Narrative Game-based Learning Objects with measur-
able, quantitative and qualitative elements and annotations for the narrative, gaming
and learning contexts has been elaborated, see Sect. 7.4.

Technical Implementation

The elaborated methods and concepts for the 80Days approach have been integrated
within a technical framework with three layers:

• The upper layer contains the theoretical basis including methods, concepts and
models corresponding to the three dimensions of (adaptive) storytelling, learn-
ing, and gaming. More concrete, this theoretical player provides the player
model, learner model, and story model. These models and concepts (i.e., rules
for updating a player profile according to distinct player behavior during play)
serve as input for the runtime components in the middle layer.

• Similar to the conceptual layer, the execution layer also contains three main units:
The story engine as the overall control unit, the (adaptive) learning engine, and the
game engine. Both the game engine and the learning engine observe the
player/learner behaviour during play, analyse it and send adaptive interventions
how to continue during play. The story engine is responsible for keeping the
overall story structure. Further, the story engine receives the adaptive interventions
and is responsible for solving problems, i.e., deciding how the game continues in
the case of contradicting suggestions (for interventions) by the learning and
gaming engine (cf. the phenomenon of the Narrative Paradox, see Sect. 7.3.2).

Table 7.4 Extract out of the game design document for the learning unit 1: B2 skills european
capitals and countries

Characteristics Description

Situation LeS 1.1 Pre-test of existing knowledge

Short description Alien asks boy: “You know what cities are these?” The boy now can link
illuminated spots and city names on a desk…

Function for
story

Now, Mr. Jackanapes has to struggle a first time to keep up his blarney of
being an all-knowing earthling

Function for
learning

Reflection on and pre-test of existing knowledge without immediate
feedback…

Function for
gameplay

Introduction: Game play mode “Global view/Map desk” in simplified 2D
view

Situation LeS 1.3 Position of cities without known names

Short description The gamer can fly above Europe in the UFO and the 2D night map in the
HUD gives him his precise position and supports him in deciding to which
city (light spot) he wants to fly next

Function for
story

Function for
learning

The player can freely explore Europe while having the learning goals on a
map in front of him (cities shown as light spots)

Function for
gameplay

To verify the cities’ names the player has to fly there and to stay paused
above them (logging)
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A specific point about the runtime components is that the story engine offers an
abstraction module as interface to the game engine facilitating the integration of
different game engines: Whereas for the geography game Save the Earth, the game
engine nebula 2 has been used, the Bat Cave scenario (see Sect. 7.5.2) has been
implemented with the StoryTec player StoryPlay—previously referred to as Bat
Cave (Mehm et al. 2010).

Authoring

For the creation of the story structure and its population with micro missions and
story/gaming/learning situations, the authoring tool StoryTec (http://www.storytec.de)
provided by TU Darmstadt has been used and further developed within the course of
the 80Days approach (Mehm et al. 2009; Göbel et al. 2010, 2012).

Figure 7.26 shows the four main components in the GUI of the authoring tool:
The Story Editor is the place to structure a new story—using the terminology of
scenes, which are equivalent to micro missions or game/story situations in 80Days.
Within the Stage Editor, the situations are populated with story/game objects (game
assets) such as images or texts. Further, similar to Microsoft’s Powerpoint™, a set
of interaction templates is offered. The Objects Browser is the place to store the
actual data/content, and is categorized into object types such as virtual characters,
background images, or sound objects. The Property Editor is closely connected to
the Objects Browser: Here, attributes for the game/story objects are entered, e.g., for
the attribution of objects according to the NGLOB principle. Further, editors not
visualized in Fig. 7.25 include the Action Set Editor, a place to enter speech acts
and other activities within micro missions and situations, and the Condition Editor,
where conditions are entered (by visual programming) for sequencing and
branching between micro missions or situations. Finally, a Skill Tree Editor is
provided, enabling authors to enter skill trees in the form of competence spaces as
described in Sect. 7.2.3 (see Fig. 7.26) (Fig. 7.24).

The technical result of the authoring process within the StoryTec authoring
environment are XML-encoded stories in the ICML format. ICML stands for

Fig. 7.26 StoryTec—Skill Tree Editor with a subset of learning topics covered in 80Days
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Inscape Communication Markup Language and has been elaborated within the EU
project INSCAPE (Interactive Storytelling for Creative Peoples, see Balet 2007).
These ICML files are loaded into the runtime environment of the 80Days frame-
work in the form of an executable story graph in the Story Engine. Then, the story
starts and unfolds according to user/player/learner interactions, behavior, author-
supplied rules and application logic, and context information. The context infor-
mation of NGLOB is hold within the content layer (repository, see lower part of
Fig. 7.24).

Evaluation

The demonstrator game Save the Earth was a subject of in-depth evaluation
activities. The evaluation work has been focused on the objectives of defining an
evaluation framework and of implementing an array of evaluative activities. In
close collaboration with different disciplines, game design concepts were validated
in schools in England and Austria. Multi-method approaches were applied to
analyze the empirical data thus collected (Law et al. 2010). Empirical findings
yielded beneficial effects of playing the game, as evident with an overall satisfying
usability and user experience. Implications for the future development of the game
prototypes and the design of evaluative activities were drawn. In particular, the

Fig. 7.27 Bat Cave player with gameplay part (left), and real-time visualization of the unfolding
story, story context, gaming context and player model, and learning context (right)
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theoretical knowledge and practical experience gained will contribute to advancing
the research area of evaluating usability and user experience in digital educational
games. In principle, evaluation studies revealed that the educational game was well
received among pupil and gender independent—especially in contrast to traditional
learning in a typical classroom setting. Both girls and boys enjoyed playing the
geography game.

Unfortunately, no concrete statements have been possible concerning learning
effects in terms of the characterizing goal (teaching and learning geography). For
that, it would be necessary to conduct comparative studies with a control group who
use traditional teaching methods for the same subjects.

Also, no clear statements are possible when referring to success or failure of the
psycho-physiological founded principles on micro and macro adaptation: On the
one side, a technical implementation and integration of the adaption dimensions
(storytelling, learning, gaming) was successfully achieved. On the other hand, due
to limited resources, it was not possible to produce enough content (i.e., different
varieties of micro missions and gameplay situations more or less distinctive to one
of the storytelling, learning, and gaming dimension) in order to fully apply and
validate the elaborated adaptation mechanisms.

Apart from evaluation studies of the geography game with the primary target
audience of schoolchildren, further evaluation has taken place about the authoring
tool StoryTec, which was tested by authors/teachers and game developers. Both
validation studies have been promising with regard both to usability issues (use of
StoryTec by authors without programming skills) and the technical integration of
the authoring tool into professional game development processes.

7.5.2 Bat Cave

This demonstrator has been established in order to test and validate the authoring
and adaptation mechanism (NGLOB concept) within 80Days. Contrary to the
educational game Save the Earth, with Bat Cave (Mehm et al. 2010) it was not the
aim to create a fully elaborated game, but to focus on the underlying technical
concepts and game mechanics.

The Bat Cave platform is built upon the Story Engine as shown in Fig. 7.25. In
Fig. 7.28, a screenshot of the Bat Cave player can be seen. The GUI is divided into
a left part for simulating the gameplay, and a right part (which can be hidden by
users who are not interested in that kind of real-time analysis) for visualizing
various useful sets of data that are accumulated during play. This includes the state
of the user models, the history of previous choices by the adaptation algorithms, as
well as the state of variable. This tool can therefore aid authors in evaluating games
they created concerning the adaptation effects, by allowing them to check the results
of annotations and user models early during development. A slider allows quick
tuning of the weights associated with the adaptive choices along the narrative,
educational and gaming axes/dimensions.
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Both parts act as observers of the Story Engine, with the visualization parts
passively visualizing the incoming information and the gameplay part also con-
verting user input into Story Engine commands afterwards. Hence, the player
allows authors to quickly export a game from StoryTec even when unfinished, and
test it using the current state of the game (Fig. 7.27).

Gameplay

In order to generate user input and to visualize results of computations inside the
Story Engine, the left part of the Bat Cave application is dedicated to a prototypical
gameplay implementation. Among the output mechanisms used in Bat Cave are
background images, characters and their speech acts, “treasures” that can be col-
lected, and descriptive text. For the Bat Cave scenario, the following elements are
used as input mechanisms for the Story Engine:

• Hotspots: Rectangular hotspots can be overlayed onto the background image for
a range of different effects. They can be directly linked to stimuli which are
injected into the Story Engine when they are clicked.

• Multiple-Choice dialogues: In the lower part of the player, dialog choices for the
player’s avatar are offered, which again result in stimuli being injected.

• Adaptive Interventions: Adaptive Interventions as issued by the Learning
Engine are internally transformed into stimuli and injected into the Story
Engine.

• Specialized prototyping modules: Software modules which, when loaded, take
control of the player and the communication with the Story Engine. They are
used to provide more specialized prototype gameplay than is possible with the
regular Bat Cave system.

Internally, all output mechanisms are either directly associated with Story
Engine objects (which are linked to an output game element, e.g., an image) or an
action (such as the speech act of a character).

Scientifc Analysis

Whereas the left part of the Bat Cave user interface is dedicated to gameplay
representation and is linked to a certain degree to the used game objects, the right

Fig. 7.28 The history visualization component. Yellow nodes indicate the path taken
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side of the user interface is composed of several general-purpose and reusable
components for visualizing the underlying system’s current state. Relevant infor-
mation is continuously updated in the visualization interface and simultaneously
written into a log for later use. The following sections describe the individual
visualization components in more detail.

Variables

The first visualization found in Bat Cave is used to display the active variables
found inside the current game session. Variables can either be defined locally for a
certain scene or globally for the whole game. They can be used in several traditional
ways such as flags (e.g., to indicate that a certain, important point in the game’s
story has been passed or that a certain event has happened) or as counters (e.g., for
counting the number of times a player visited a certain location or the number of
failed tries for a given challenge).

History

This component, shown in Fig. 7.28, fulfills a multitude of visualization and
assistance functions during a test session. It displays game units (situations) as dots,
similar in abstraction to the way they are displayed in the Story Editor of StoryTec.
Situations are distinguished by colors, with yellow indicating the situations that
have been visited previously as well as the currently active scene. Whenever
branches are possible (as inferred by inspecting the transitions defined from a
certain scene), they are visualized inside a new column to the right of the currently
active scene.

Additionally, when the mechanism of NGLOBs is used in the form of free
transitions, i.e., transitions between game situations that are influenced by the
adaptive algorithms in the system, a context menu offers detailed information about
the algorithmic parameters that lead to a certain choice (Fig. 7.29).

Narrative Context

The visualization for the Narrative Context displays the individual steps of the story
model that is used as the basis for the game’s story. For each step, a percentage
shows the appropriateness values as entered by the author. For easy visual

Fig. 7.29 The Narrative Context visualization component
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reference, all steps for which the current appropriateness value exceeds a certain
threshold are marked in yellow. Furthermore, the cell background color for story
model steps previously visited in the game session are marked in a brighter color.
This allows the tester to see how far along in the narrative he/she currently is, and
what steps have already been visited.

Player Model and Gaming Context

Two different visualizations are provided in Bat Cave, which are associated with the
current state of the player model and the gaming context of the current scene. Each
player attribute is represented by a bar that shows the percentage to which this
attribute is set, as well as the exact value as a percentage (Fig. 7.30).

Skills, Knowledge Space

The visualizations described here are all related to the learning context of NGLOBs.
The associated and prerequisite skills as specified for the currently active scene are
each listed together with their current values as determined by the Learning Engine.
The Total Skills visualization similarly lists all skills defined in the skill structure
for the active game together with their current values.

As an alternative to the Total Skills visualization, the structure defined by the
skills and the dependency relations between them is visualized in the Skill Tree
visualization component (see Fig. 7.31). This component features a graphical
representation of the skill structure, with skills being shown as rectangles and the
dependencies between them as arrows. For each skill, its current probability value is
used to determine the color of the node representing it, interpolated from red for 0
to green for 1. This allows one to quickly see areas of the skill structure that have
been covered well in a certain play-through and others that have been less covered
during play, especially when skill structures get larger.

7.6 Summary and Questions

In general, personalized, intelligent, adaptive systems are highly desirable in order
to meet the characteristics, needs, and interests of individual users and user groups.
The same is true in the context of serious games, such as digital educational games

Fig. 7.30 The player model and gaming context visualizations
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(DEG): The better a game meets the learning background and learning and playing
style of a user, the better the expected fun factor and learning outcome.

Thus, it is desirable to adapt such a game to player preferences. While some
prefer action games, others prefer story-based adventures or roleplaying games. It is
certainly not possible to create a custom game for each player type, but it would be
a great advance if an educational game were flexible and customizable enough to be
able to adapt to the heterogeneous needs of different players preferences by using
adaptive technologies. Therefore, adaptation and adaptivity should consider the
selection of appropriate content and presentation forms to teach subjects and skills
of a curriculum as well as the speed and order of learning units in order neither to
bore nor overstrain pupils and students.

For adaptation to player preferences, a player model is indispensible. Much
research in the field of player modeling has been done up to now. One of the first
player models was designed by Bartle (1996). Houlette (2004) introduced a player
model that keeps track of several player traits to create a model, which can be used
to adapt the behavior of Non-Player Characters.

Concerning motivational aspects, a game should also contain an interesting,
suspenseful, and entertaining story, and should be challenging without stressing too
much. Providing a good and suspenseful story however, is often a restricting factor
to the variability of a game: Underlying story models—well-proven in literature and
film as linear, non-interactive media—promise to “guarantee” an exciting story, but
this approach is contradicting to highly interactive and non-linear media such as
computer games—leading to the narrative paradox in systems using both story-
telling and gaming mechanisms.

For the integration of adaptive storytelling and gaming mechanisms within
digital educational games, the concept of Narrative Game-based Learning Object
(NGLOB) has been elaborated by Göbel et al. (2010) in the context of the 80Days
approach. In the authoring phase of digital educational games, game units are

Fig. 7.31 Visualization of associated, prerequisite and total skills (left) and an extract of the
visualization of the player’s skill state (right)
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annotated with appropriate factors to serve as learning/gaming/storytelling situa-
tions regarding dedicated story and player models—as well as learning contexts
(skills). During play, the most appropriate NGLOB is selected based on the com-
putation (matching) between the current context (story, player, and learner
model/behavior) and the annotated NGLOBs in order to decide how a story-based
DEG continues.

Future research towards intelligent, adaptive systems will integrate the investi-
gations into mechanisms for automatically created content such as the generation of
virtual environments or automatic and dynamic difficulty adaptation according to
player background. Referring to procedural content generation for games, Hendrix
et al. (2013) summarize game content types that can be automatically generated:
Game Bits (textures, sound, vegetation, buildings, behavior, fire/water/stone and
clouds), game space (indoor maps, outdoor maps, bodies of water), game systems
(ecosystems, road networks, urban environments, entity behavior), game scenarios
(puzzles, storyboards, story, levels), game design (system design, world design) and
derived content (news and broadcasts, leaderboards). Mechanisms for automatic
difficulty adaptation are widespread—not only in the educational sector, but also in
health games (cf. adaptive balance training with Balance Fit, see Chap. 12).

Check your understanding of this chapter by answering the following questions:

• What is the difference between configuration, personalization, and adaptation in
serious games?

• What is the difference between adaptation, adaptivity, and personalization in the
context of (serious) games?

• Why can the flow concept be used to model challenge and challenge adaptation
in games?

• Which dimensions for adaptation are there, and what models can be used for
adaptation in each dimension?

• Compare the role of book author with a film scriptwriter and a game designer for
a digital educational game—what are the differences? What are common tasks?

• Why is it difficult to realize Interactive Storytelling systems?
• What are the costs (effort) for the development steps of adaptive educational

games? Please consider the complexity compared to the development of
web-based training courses in traditional eLearning?

• How many different stories can evolve in an adventure game based on the
Hero’s Journey story model?

• What is the challenge to implement story-based educational games using the
NGLOB concept? Which tasks are necessary within the game development
phase, how to control a game during run-time?

• Think about (and conceptualize) your own educational game/game design,
providing both a suspenseful story within the overall course of the game and
enabling users to interact in all game situations and to influence the evolving
story.

7 Personalization and Adaptation 205

http://dx.doi.org/10.1007/978-3-319-40612-1_12


Recommended Literature

Doignon JP, Falmagne JC (1999) Knowledge Spaces, Springer Verlag, ISBN 978-3540645016.
This book covers the concept of knowledge spaces and offers a mathematical foundation for
knowledge assessment.

Falmagne JC, Albert D, Doble C, Eppstein D, Hu X (2013) Knowledge Spaces—Applications in
Education, Springer Verlag, ISBN 978-3642353284. This book covers applications and
relevant theoretical results in the field of knowledge space theory, with a focus on the ALEKS
system. It further provides cognitive interpretations to the combinatoric structures obtained.

Russel S and Norvig P (2010) Artificial Intelligence—A Modern Approach. This book offers a
comprehensive, up-to-date introduction to the theory and practice of artificial intelligence.
Further, it explains the concept of simulation in form of agent-based modeling—from simple
reflex agents, model-based agents, and goal-based agents, to the more complex utility-based
agents.

Kickmeier-Rust MD, Albert D (2012) An Alien’s Guide to Multi-Adaptive Educational Computer
Games. Santa Rosa, USA: Informing Science Press. Retrieved from http://books.google.
i.e.,/books?id=OKZJnHKdchQC. This provides a summary of achieved results within the
80Days project. This includes tangible results as the authoring tool StoryTec, as well as
mechanisms for the creation and control of adaptive digital educational games, combining the
three dimensions of (adaptive) storytelling, learning, and gaming.

Referring to adaptive, interactive storytelling, the International Conference on
Interactive Digital Storytelling (http://icids.org/) provides a good entry point for further
research. Based on the former international conferences on Virtual Storytelling (ICVS)
and Technologies on Interactive Digital Storytelling and Entertainment (TIDSE), the
Joint Conference on Interactive Digital Storytelling was established in 2008. Since that
time, an annual conference takes place, with conference proceedings in Springer LNCS.
Further, the website provides links to the Wiki on Interactive Storytelling and Narrative
Theories, a publication database on Interactive Storytelling and a repository on
interactive story creation (i.e., authoring tools and creation methods). This originated
within the IRIS Network of Excellence on Integrated Research in Interactive
Storytelling.
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8Multiplayer Serious Games

Viktor Wendel and Johannes Konert

Abstract
This chapter covers the topic of multiplayer serious games. Multiplayer games
are discussed in terms of game types and forms, genres and techniques, as well
as their impact on the use of multiplayer games. Based on that, this chapter will
show how different types of multiplayer genres and techniques can be used for
various serious game purposes. This chapter further provides an introduction to
the topic of collaborative learning and collaborative multiplayer games—and
their use for game-based collaborative learning. We discuss how collaborative
learning concepts are inherently used by some massive multiplayer online
games, and how those concepts can be used more thoroughly by using the
multiplayer paradigm for game-based collaborative learning. Further, it is shown
how various multiplayer design aspects like number of players, persistency,
matchmaking, interaction, or social aspects need to be considered in the design
phase of a multiplayer game.

8.1 Introduction

A game is called a multiplayer game when two or more players play it together—
either against each other, together in teams against other teams, or completely
cooperatively against the computer.
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The concept of multiplayer games is not an invention of digital games. Rather, is
as old as mankind itself. Children play with their parents and start playing with
other children at a very young age although the rules defining the game are often
rather lax. Even among animals—especially those living in herds or packs (e.g.,
wolves or lions)—playing can be observed especially among young animals, which
is often considered a form of training for their later lives.

So, what makes people want to play with each other? Obviously, there are
various components which (can) improve a game with other players compared to
playing alone. One of them is the social component, as playing multiplayer games
comprises interaction with other people (e.g., debating about team strategies,
praising each other, etc.). On top of this, there is the competitive element that makes
playing with other human players challenging.

When looking at the history of digital games, Tennis for Two (1958) or
Spacewar (1961) were two of the early digital games—both are multiplayer games.
They are shown in Fig. 8.1.

In the early years of digital gaming with limited hardware resources, AI players
were hardly an option. Hence, most games were designed as player versus player
games. In later years, with upcoming arcade game consoles, more and more
single-player games were developed with multiplayer variants being mostly played
in split-screen or shared-screen mode, like Pong (1972), see Fig. 8.1.

With the arrival of the Internet, game technology made a big step towards more
multiplayer-centered games. Network technology via LAN or wide-area networks
enabled game modes where many players could be part of one game, with each

Fig. 8.1 Upper left Tennis for Two (1958) played on an oscilloscope. Upper right Space Invaders
(1961). Bottom Pong (1972)
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player having his/her own screen. The split-screen or shared-screen mode was no
longer necessary. Popular multiplayer genres developed, from First-Person-Shooter
(FPS) games over multiplayer Real-Time-Strategy (RTS) games, or round-based
strategy games towards Massive Multiplayer Online (MMO) games. The first
popular MMO games were MMO role-playing games (MMORPGs), with popular
representatives like World of Warcraft (WoW) or EverQuest. Other MMO games
were more focused on an open online world (e.g., SecondLife) or made use of social
components, like the recent generation of Facebook games (e.g., Farmville). Most
recently, Massive Online Battle Arenas (MOBAs) (e.g., League of Legends, DotA)
have emerged as the latest MMO genre.

The increasing role of multiplayer games in today’s games market, as shown by
the success of MOBAs like League of Legends or DotA2, prove the fascination of
multiplayer games. In 2014, League of Legends created revenues of $946 million
USD (Statista 2014) and had more than 67 million active players per month
(Statista 2014). On average, players in the US spent 107 min/day playing online
games in 2013 (97 min in Europe) (Statista 2013). Apart from MOBAs, there are
FPS (Modern Warfare), RTS games (StarCraft, World of Tanks), roleplay games
(WoW), or other emerging genres like card-based games (Hearthstone).

Multiplayer games offer—by playing with or against other human players—
competition (Mitchell and Savill-Smith 2004; Vorderer et al. 2003), cooperation,
and other forms of social interaction (Manninen 2003), which might be the main
reason for their popularity (see Sect. 8.2 for more details on various forms of
multiplayer serious games). This social component is one major argument for using
multiplayer concepts and technology for serious games (Ducheneaut and Moore
2004). Multiplayer technology can also be used very well in serious game appli-
cation areas today; in fact, many of the above examples have been used for mul-
tiplayer serious game applications. Multiplayer serious games can offer the
inclusion of a social component on top of the serious games principle and hence
engage players on a social level. Moreover, principles from the collaborative
learning paradigm can be used in multiplayer serious game scenarios. This enables
players to learn in groups, thus making use of established group learning principles
and mechanisms (see Sect. 8.3).

There is another aspect in games that appears to be very present in multiplayer
games, especially MMORPGs. Players tend to spend considerable time learning a
game, often even without playing it. It is a frequently observed phenomenon that
players visit wikis, forums, or other websites dedicated to the MMO they like to
improve their gameplay with, or learn something new about, the game (Voulgari
and Komis 2008; Gee 2003; Yee 2005; Dickey 2007). There are theoretical results
as to why players spend so much time learning a game, and how this motivation can
be used in serious games (Gee 2003; Garris et al. 2002; Prensky 2006). This
inherent motivation might be one more driver for the use of multiplayer serious
games.

The concept of competition might also be a main motivation for multiplayer
serious games. When players can learn from a game, this effect might be improved
when players play the game against a human opponent, because competition is
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more real when there is a real (human) opponent. It has been shown that one learns
best when the challenge is optimal (Sweetser and Wyeth 2005). Hence, suitable
opponents are required to optimize the learning process. However, AI-based
opponents are often limited—both in their skills and in their strategic variability and
adaptability. Whereas players can train reflexes in shooter games, they can become
more elaborated when playing against human opponents as those intelligent
opponents tend to develop new strategies and change their behavior. For the same
reason, human opponents can be better opponents in strategy games. Generally,
human opponents are considered to be more challenging whenever an AI-based
opponent is pushed to its limits. However, the question of finding an opponent best
suited for a given player is not trivial; this will be elaborated below.

Learning theories (behaviorism, cognitivism, constructivism) highlight the
important role of social interaction in different ways, but all agree on the supportive
effect such peer education has for learning (Piaget 2003; Doise et al. 1975;
Vygotsky 1997; Bandura 2002). More recently, George Siemens received attention
in the field of technology-enhanced learning with his theory of connectivism, which
focuses more on know-where instead of know-what (Siemens 2005). With a focus
on serious games, the question in terms of social interconnection is not only to find
team members or opponents of a similar competitive strength, but also with
capabilities—like prior knowledge and personality traits—that lead to maximum
learning progress for all players. Some aspects of this learning group formation
problem and their potential of peer education are nicely described and analyzed by
(Damon 1984). Initial algorithmic solutions are compared by (Konert et al. 2014).
A literature review of relevant matching criteria for learning group formation can be
found in (Konert 2014a). To mention one example, (Paredes et al. 2010) found out
that homogeneous groups perform better on specific tasks, whereas heterogeneous
groups perform better on broader tasks. These and other aspects have to be taken
into consideration when designing team matching and group tasks in games.

Apart from finding a good match for players and opponents, other major chal-
lenges for multiplayer games comprise the heterogeneity of players and learners in
general. As players have different preferences and affectations for games, genres,
and ways of playing, it is almost impossible to create games that are equally
appealing to all players. Also, in terms of learning, there are differences between the
players (e.g., learning style, state of knowledge, etc.) that need to be considered.
This constitutes a major challenge of using multiplayer serious games and leads to
the research field of adaptation and adaptivity. Moreover, in collaborative learning
scenarios, the role of the instructor needs to be considered, as the instructor plays a
vital role the learning process. This special role needs to be considered both during
game design and at runtime (see Sect. 8.3).
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8.2 Forms of Multiplayer Serious Gaming

As explained above, multiplayer serious games offer a multitude of application
fields due to multiplayer benefits that can be utilized in various forms. In this
section, the different types and forms will be elaborated. As a first step, different
types of multiplayer games will be described from a technical perspective,
explaining technical possibilities and limitations and their implications.

After that, game types are discussed in relation to the type of player interaction,
i.e., in terms of competition, cooperation, and collaboration. Implications for the
games will be discussed and fields of applications derived.

8.2.1 Multiplayer Types and Techniques

Generally, there are different types of multiplayer techniques that impact the way
players use a screen.

Players can play a multiplayer game using one computer, subsequently using
one screen. Traditional multiplayer games—from the time when networking did not
exist—had to rely on this technique. When only one screen is available, it needs to
be decided in which way information is presented to the players. The method of
sharing strongly depends on the game genre itself. If players play consecutively,
there is no need to share screen space; players just take turns at the same computer.
All players are usually around the screen where a player takes his/her turn.
Therefore, from a gameplay perspective, it is very difficult to display
sensitive/private information to a specific player (e.g., tactical advice), as the other
players might also get that information.

If, on the other hand, players play simultaneously on one machine, the available
screen space needs to be shared or divided among the players. Again, depending on
the genre of the game, this can be done in various ways.

The most traditional way is the so-called split screen. This technique is used to
split the available screen in (usually two or four) equal parts, depending on the
number of players. As the screen space is limited, it appears to be not advisable to
split the screen in more than four parts, as this would result in too small pieces for
each player. Hence, this limits the number of players. An example for the
split-screen approach is shown in Fig. 8.2.

A different way for displaying the screen for multiple players is a shared screen.
Here, all the players are displayed on one screen at the same time. Although this is a
very simple concept, it comprises some very important limitations regarding the
game design. As there is only one screen for all players, the game design needs to
reflect all player movements. The simplest idea is to restrict the level itself to a
certain size so that it can be displayed completely in one screen. The players cannot
leave the screen. If, however, the level needs to be larger, strategies need to be used
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to prevent players from leaving the screen. This can be done either by forbidding a
movement towards a screen edge when other players are too far away (e.g., Trine,
Spelunky), or by zooming out when players move in different directions (e.g., Xbox
game Teenage Mutant Ninja Turtles, see Fig. 8.3). This, however, is limited by a
maximum zoom distance—which again is defined by a minimum size of game
objects on the screen.

Fig. 8.2 Splitscreen for three players in the game Sonic & All-Stars Racing Transformed (PC
version; screenshot created by the authors)

Fig. 8.3 Shared screen in the video game Castle Crashers (PC version) (screenshot created by
the authors); all four players share one screen
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Multiplayer types are defined by the number of players in a game and how the
players access the game. In terms of presentation, players might use one
device per player or share a device via split screen, shared screen, or by
taking turns. For networked multiplayer games, network issues like latency,
jitter, or packet loss are more or less relevant depending on the game genre.

With the arrival of network technology, and especially the Internet, a new
multiplayer paradigm emerged. As it is now possible to interconnect computers,
players can now participate with more than one computer in a game, with each
player playing on one computer and thus on one screen. Although this solves the
problem of how to best use the screen, it imposes new challenges.

The core issue with networked games is latency, which is mainly a problem with
players using the Internet rather than players in a local area network. The topic of
latency, also with a focus on games, is a major research area in the field of computer
science. As there is a lot of literature on this problem (Armitage et al. 2006), it will
not be elaborated further here.

Also, in terms of game design, Armitage et al. (2006) provides an exhaustive
overview on how to minimize the effect of latency by lossless (Welch 1984) and
delta compression, player and opponent prediction, time manipulation, interest
management, or update aggregation.

When designing a multiplayer serious game, it should be considered from the
beginning how much the gameplay relies on real-time execution. Depending on the
game genre, there are different requirements for latency. For a realtime strategy
game (RTS) or a first person shooter (FPS), for example, low latency is very
important. For MMORPGs, the tolerance for a higher latency is bigger. And for
round-based games, even higher latency is tolerable.

In many European schools, for example, Internet access is still mediocre or bad.
This results in major latency issues, especially when 20+ computers share a
narrow-band Internet connection.

8.2.2 Multiplayer Game Genres

As shown in the previous section, the game genre has a major impact on multi-
player game design. Clearly, different game genres are appropriate for different
application areas. Whereas FPS-like games might be applicable to train a player’s
reaction, interactive simulations might be the best choice when the goal of the game
is to teach about a complex process. How can different multiplayer genres be used
for serious purposes? This is mainly motivated from successful serious game
examples:

First Person Shooters (FPS) are games relying heavily not only on quick
reaction times and good reflexes, but also on knowledge about the level and on
strategic thinking, especially in coordination within the team. Hence, FPS
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mechanics can be used to train motor skills like reflexes, and to train aspects of
teamwork. However, there are also examples of FPS mechanics used for educa-
tional games (e.g., MathShooter, DimensionM, WordDomination) or for informing
and motivational shooters (e.g., Re-Mission, see Fig. 8.4).

Multiplayer genres can be classified by aspects like the number of players, the
dependency on technical aspects like latency, the importance of controls and
input devices, and the importance of consistency of the game state or the
game world. Other aspects refer to the game speed, i.e., whether the game is
played in real-time, in a turn-based fashion or at varying speed. Resulting
genres cover strategy games (chess), real-time strategy games (Star Craft),
4X games (Civilization), first-person shooters (quake), simulation games
(crusader kings), asynchronous browser games (Travian), multiplayer online
games (World of Warcraft), virtual worlds (Second Life), and multiplayer
online battle arenas (League of Legends). Adventure games or interactive
movies are one significant exception, as they are mainly designed for
single-player use.

Strategy games are usually based on tactical and strategic thinking, which is
related to problem solving. As many strategy games use war as a narrative setting,
they often are set in a historical context. This makes them well suited for teaching
history-related content, if the latter is well integrated into the game. Further, they
can be used to train teamwork, especially on a more resource-based foundation,
with players using different resources in one team and hence becoming dependent
on each other. There are many examples of games that fall under the 4X category,
like Sid Meier’s Civilization.

Real-time strategy (RTS) games are a special class of strategy games in which
the game is played in real-time as opposed to turn-based. As this genre is among the

Fig. 8.4 Screenshot of the serious first person shooter game Re-Mission (Kato et al. 2008)

218 V. Wendel and J. Konert



most popular ones, it is discussed separately. Similar to strategy games, RTS games
can be used for training of strategic and tactical thinking, as well as teamwork
aspects. Moreover, due to real-time gameplay, time pressure can be used to assess
how well players react in stressful situations. Examples are the Command &
Conquer series, Company of Heroes, or StarCraft.

Massively Multiplayer Online Roleplaying games (MMORPGs) are games in
which players play a fictional character in a fantasy world. An important feature of
MMORPGs is that usually thousands of players experience the game within one
instance (i.e., world). Hence, this type of game heavily relies on player interaction.
Although often major parts of a game are in so-called player versus environment
(PvE) mode where the player mainly interacts with the game environment, another
major part is player versus player (PvP), where players play against other players.
Also, even the PvE parts of a game are often played in groups of players, as it is
easier to overcome difficult obstacles and enemies in a team. Hence, it can be
assumed that MMORPGs heavily rely on player interaction and team play, and this
is what existing MMORPGs are typically used for in a serious games context.
Delwiche (2006) performed learning units of an undergraduate communication
course using the MMORPG Everquest and the sandbox game Second Life.
Childress and Braswell (2006) investigate the use of MMORPGs to foster com-
munication and interaction and to facilitate cooperative learning. Steinkuehler
(2004) addresses social aspects of learning of learning with and within MMORPGs.
However, it should be noted that due to the enormous game development effort and
the costs of maintaining an MMORPG infrastructure, it can hardly be recommended
to create a serious MMORPG from scratch. Rather, it stands to reason to use
existing MMORPGs or available modifications of those for serious game scenarios.
Examples for this are described by Childress and Braswell (2006) and Herz (2001).
If the modding tools are powerful enough, it might well be possible to include
serious content in a mod, e.g., a historically plausible, playable epoch of a historical
setting.

Simulation games describe a genre of games in which the focus is on illustrating
a complex system, situation, or mechanism as realistically as possible by simulating
it. In most traditional simulation games, this leads to insights into the complex
interrelationships and interdependencies between different parameters of a
system—while playfully testing the system and experiencing how the change of
parameters influences it. This mechanism perfectly fits into a serious game context
to demonstrate difficult systems or mechanisms, and lets players experience them in
a playful environment without the consequences of failure. Examples for this are
Sid Meier’s Civilization, Sim City, and TechForce (see Fig. 8.5).

Adventure games are games which focus on a strong story line. Usually,
gameplay is limited to experiencing a story and solving puzzles and riddles along
the way. Often, player decisions decide the future course of the narration. The
oldest adventure games used only text to set the scene and tell the story, giving
players limited decision options. Later, adventures were typically 2D games with a
static background image, limited interaction possibilities (usually based on an
inventory system and combining and using items), and choices for each scene.
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Prominent examples are Monkey Island or Maniac Mansion. In recent years, 3D
technology is used to increase immersion, but the core concept is still the same.
Hence, adventure games can be used to wrap serious game content in a story to be
interactively experienced by the players with a rather limited technical effort. It
should be mentioned that most adventure games are single-player games, although
there are some new multiplayer adventures (Lester 2013; Reuter et al. 2012).

Browser games emerged during the last decade. Although basically all game
genres exist in the form of browser games, one specific type of games emerged
from the use of browsers as the technical platform: Social network games (Casual
Connect Research 2012). As no installation on the client machine (typically a PC or
a smartphone) is necessary, casual gamers can easily be implemented because the
technical hurdle is low. Browser games emerged with a huge community of active
users. FarmVille from Zynga, to name an example, gained over 80 million players
in 2010.1 The rise and fall (server shutdown) of several such games, like SimCity
Social or Sim Social, underline the challenge from a business model perspective:
The games are offered for free, using the freemium revenue model (Runge et al.
2014). This means that the game itself is available for free, but players can be
premium items, abilities, bonuses, etc., which give them an advantage. Usually,
those advantages can also be gained by investing time in the game, but often there
are bonuses that are exclusively available for purchase. Without a huge user base,
operation of the central game servers is not profitable. As serious games can be
considered more as niche products, rather than addressing a very large target group,
such a revenue model seems to be impractical.

With the potential of social network games for educational purposes in mind, the
design of a serious game could consider the following characteristics to be utilized
to increase knowledge exchange among playing peers (Konert 2014a):

Fig. 8.5 Screenshot of the
serious game TechForce

1http://mashable.com/2010/02/20/farmville-80-million-users.
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• Asynchronous play: Multiplayer games are designed for social media-based
interactions. Thus, players exchange items or manipulate the game environment,
but do not have to be online at the same time. Everyone can play at her own
pace and intensity without being dependent on other players.

• Casual multiplayer: As a virtual third place providing meaningful experiences,
the game provides a multiplayer atmosphere with awareness of other players’
activities (e.g., seeing their playground or avatars), but allows a rather inde-
pendent single-player game play.

• Competition: Competition is only comparative by provided leaderboards or
achievements; however, players cannot directly influence the game of other
players. A “save private playing area” feature exists, in this state, the game
cannot be damaged by other players (e.g., while the player is offline). Coop-
erative interactions allow for faster game progress, stimulating players to pro-
vide favors to others.

• Beneficial social media interaction: The three characteristics above are sup-
ported by an integration of social media interactions among players. These
interactions can be categorized in four groups: Posting (new items, content),
sharing (existing items or content with other players), discussing (opinions,
decision making), and networking (neighborhoods, friendships, private net-
works). Some games use the network structure of existing online social net-
works such as Facebook, Twitter, or others for this purpose.

Thus, “a serious game satisfying all criteria mandatory for a social game” is
called a social serious game (Konert 2014b).

The social aspects of a game can be such a strong motivational factor that game
play is not the major reason for playing (Wohn et al. 2011). For further aspects see
as well Sect. 8.4.7 on social issues in multiplayer game design.

8.2.3 Multiplayer Interaction

We now take a closer look at the interaction between players in a multiplayer
scenario. Basically, players can play against other players (competitive), either with
other players (cooperative, collaborative) or in a mixture of both (e.g., teams of
players playing against each other). Each of these types has special features that can
be utilized in a serious context.

Competitive. This type of gameplay is based on players in competition with
each other to win the game. This competition can be direct, i.e., when players fight
each other, or indirect, i.e., when players compete only via points they win, i.e., on
a high score list.

In a direct competition, other players are considered opponents. Therefore,
usually victory for one player means defeat for the opposing player. This results in
the players’ strategy to be directed towards defeating the opposing player(s). This
means that a player or a team needs to play the game better than the opposing player
or team. Here, “better” refers to gameplay in two dimensions—mechanical skills
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and knowledge about the game. An example for the first is the ability to quickly aim
and shoot in an FPS, whereas an example for the latter is the knowledge of which
weapon to use in which situation, e.g., regarding distance. The motivation to defeat
the opponent hence can be seen as the driving force for a player to improve in both
of those dimensions. In a serious context, this can be used if the characterizing goal
can be integrated into the gameplay in a way such that the game’s relevant (me-
chanical) skills and game knowledge conform with the characterizing goal.

Apart from that, there are various features that can be used to improve com-
petition, like the already mentioned highscore list or in-game achievements. Both of
these are even more effective if they can be combined with a player’s social
environment, i.e., friends. Using social networks in games enables game designers
to reinforce competition by showing achievements and highscores to the friends of
a player, thus challenging them to improve in the game. Examples for this method
are friend lists in Steam or UPlay, which are used in games like Farcry 3 to show
when a player outperformed another player on his/her friend list.

Cooperative. In cooperative games, the gameplay is designed in a way such that
players play in teams, i.e., they win or lose together. Hence, in cooperative games,
the motivation is based on social dependency. Players can perceive a feeling of
success by good team play, which again is based on good communication and
common strategic planning. During the last two decades, this game mode was often
included in games as a coop mode for the single player campaign, in which two or
more players could play the single player campaign together, with limited or no
changes to the game itself. This game mode was often criticized for a lack of game
depth, as players were often merely playing next to each other instead of with each
other.

However, cooperative gaming also takes place when players play in a real team
with each other. Dillenbourg (1999) defines cooperation as follows: “In coopera-
tion, partners split the work, solve sub-tasks individually and then assemble the
partial results into the final output.” In contrast, Roschelle and Teasley (1995)
define collaboration as “a coordinated, synchronous activity that is the result of a
continued attempt to construct and maintain a shared conception of a problem.”
Hence, when players are not mutually exchangeable and depend on each other (e.g.,
by filling different roles or by having resources to which others do not have access),
gameplay is clearly collaborative.

Collaborative. In collaborative gaming, players do not merely play next to each
other, but gameplay is based on those players to complement (the skills, knowledge,
abilities, or resources of each other. There is an extensive review on how collab-
orative games work by Zagal et al. (2006). They show elements which are critical
for collaborative games to work and pitfalls that should be avoided. The key points
are:

• Lesson 1: “To highlight problems of competitiveness, a collaborative game
should introduce a tension between perceived individual utility and team
utility.”
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• Lesson 2: “To further highlight problems of competitiveness, individual players
should be allowed to make decisions and take actions without the consent of the
team.”

• Lesson 3: “Players must be able to trace payoffs back to their decisions.”
• Lesson 4: “To encourage team members to make selfless decisions, a collabo-

rative game should bestow different abilities or responsibilities upon the
players.”

• Pitfall 1: “To avoid the game degenerating into one player making the decisions
for the team, collaborative games have to provide a sufficient rationale for
collaboration.”

• Pitfall 2: “For a game to be engaging, players need to care about the outcome,
and that outcome should have a satisfying result.”

• Pitfall 3: “For a collaborative game to be enjoyable multiple times, the expe-
rience needs to be different each time, and the presented challenge needs to
evolve.”

Interaction between players in multiplayer games is mainly categorized as
competitive, cooperative, or collaborative. In competitive games, players (or
teams) play against each other; in cooperative games they build teams, and
either the whole team wins or loses. In collaborative games, players are
usually depending on other players (who may or may not build a common
team) and need to help each other, i.e., collaborate in order to advance in the
game. There are also mixed forms of these three categories.

Collaborative games, as they are heavily based on interaction between the
players—focusing on teamwork, coordination, and supplementing each other—and
are are well suited as serious games to teach, train, or assess exactly those social
skills. However, assessment of teamwork and quality of teamwork is a rather
complex task still being researched.

The concept of collaborative gaming is closely related to the concept of col-
laborative learning. Hence, this type of games is well suited for game-based col-
laborative learning in multiplayer (serious) games.

8.3 Collaborative Learning in Multiplayer Serious Games

In the literature, different definitions for the term collaborative learning can be
found.

A different definition as the one of Roschelle and Teasley (1995) is provided by
Thomson et al. (2009): “Collaboration is a multidimensional, variable construct
composed of five key dimensions, two of which are structural in nature (governance
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and administration), two of which are social capital dimensions (mutuality and
norms), and one of which involves agency (organizational autonomy).”

8.3.1 Collaborative Learning

Using those definitions of collaboration, the concept of collaborative learning will
be elucidated next. Dillenbourg defined collaborative learning as “a situation in
which two or more people learn or attempt to learn something together.” This
definition for itself is rather weak, as the term “together” does not specify what is
special about the collaboration when learning. Therefore, Dillenbourg (1999) fur-
ther states that it is necessary to trigger various specific learning mechanisms in
order for learning to happen. Those refer to individual activities, but also to the
interaction activities between the learning partners, such as explanation or dis-
agreement. Those activities again are meant to trigger different cognitive mecha-
nisms. However, it cannot be guaranteed that those interactions occur. Therefore,
Dillenbourg also specifies four categories of methods, which aim to increase the
probability of the interactions to occur in collaborative learning scenarios to:

• setup initial conditions (e.g., group size and composition)
• over-specify the collaboration contract with a scenario based on roles (e.g.,

reciprocal teaching)
• scaffold productive interactions by encompassing interaction rules in the med-

ium (e.g., provide semi-structured interfaces)
• monitor and regulate interactions (e.g., teacher as facilitator, providing hints,

redirecting group work)

Collaborative learning is a situation in which two or more people learn, or
attempt to learn, something together with various specific learning
mechanisms.

An important aspect for the success of collaborative learning is both group size
and composition of the group of learners. When forming learning groups for
knowledge exchange, a variety of criteria need to be taken into account, including
personality traits and level of proficiency. Moreover, some of these criteria need to
be matched homogeneously (all members of a group are as similar as possible, e.g.,
in age), and other citeria need to be matched heterogeneously (members of the
group are different and amend each other, e.g., in prior knowledge of topics).
Moreover, the relevance of criteria and which of them need to be similar (homo-
geneous) and different (heterogeneous) within the group, depends on learning tar-
gets and the learning scenario (Konert 2014a). Learning group formation is
therefore an active research area in the interdisciplinary field of
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technology-enhanced learning (TEL) (Inaba et al. 2000; Cavanaugh and Ellis 2004;
Gogoulou et al. 2007; Ounnas et al. 2008; Paredes et al. 2010; Konert et al. 2014).

Moreover, various circumstances need to be met according to Johnson and
Johnson (1999) in order for cooperation2 to happen in collaborative learning sce-
narios. Those are:

• Positive interdependence: knowing to be linked with other group members in a
way so that one cannot succeed alone. Positive interdependence results from
mutual goals. In this context, interdependence includes resource, role and task
interdependence. There is evidence about the effects of positive interdependence
in collaborative learning scenarios as summarized by Johnson and Johnson
(2009), e.g., when players depend on other players due to their role (i.e., a player
needs another player’s help because only that player has a certain resource).

• Individual accountability and personal responsibility: individual assessment of
each group member’s performance, communicated to both the group and the
individual. “Individual accountability exists when the performance of each
individual member is assessed and the results are given back to all group
members to compare against a standard of performance” (Johnson and Johnson
1999).

• Promotive interaction: Promoting each other’s success by e.g., helping,
encouraging and praising. Promotive interaction occurs when group members
encourage each other, help, or facilitate each other’s efforts towards the group
goal.

• Appropriate use of social skill: Interpersonal and small group skills are vital for
the success of a cooperative effort. Appropriate use of social skills means that
group members need to possess and be able to use various soft skills like
communication, supporting each other, or being able to resolve conflicts.

• Group processing: Group members discuss their progress and work relation-
ships together. Group processing is the act of reflecting on the group members’
actions as individuals and as a group in order to evaluate their effort (Dillen-
bourg 1999).

A vital role in many collaborative learning scenarios is taken by the instructor
(e.g., teacher, trainer) who has various important roles before, during, and after a
collaborative learning session. The instructor usually has tasks in preparation of the
collaborative learning session, like selecting learning goals, setting up motivation
strategies, planning the learning scenario, activating attention, or reactivating prior
knowledge. Furthermore, the instructor performs important tasks during the col-
laborative learning session, such as coaching or moderating, observing the learners
and the learning process, and helping or redirecting. Finally, the instructor guides
through the process of concluding and evaluating the results, and he/she performs a
post-session assessment.

2Cooperation is used as a synonym for collaboration in the work of Johnson and Johnson.
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The role of the instructor imposes a critical challenge for digital collaborative
learning scenarios, as it is not trivial to enable the instructor to perform all those
tasks appropriately in a digital learning environment. However, the use of digital
learning or gaming technology also includes new chances for preparation, control,
and evaluation and assessment of the collaborative learning scenario.

8.3.2 Computer-Supported Collaborative Learning

Computer-supported collaborative learning (CSCL) is the transfer of the collabo-
rative learning paradigm to digital media, in most cases the computer. In the early
years of CSCL, the “primary form of collaboration support is for the computer […]
to provide a medium of communication” technology (Stahl et al. 2006). Hence,
mainly Wikis, forums, discussion boards, newsgroups, chat rooms, instant mes-
saging tools, video messaging, or email were used (Larusson and Alterman 2009).
Later, more elaborate tools for CSCL were designed. Their fields of application are
more focused on coordination, cooperation in groups, and cooperative learning
rooms (especially virtual learning rooms) (Haake et al. 2004). Other collaborative
learning tools and environments focus on group formation (Haake et al. 2004;
Konert et al. 2014), collaborative document management, discussion groups, dis-
tributed classrooms (Konert et al. 2012), or virtual classrooms (Westera and
Wagemans 2007; Denny et al. 2008). Whereas early virtual learning rooms were
CSCL applications specifically designed for CSCL—often integrating a chat system
and a shared screen—later versions used existing virtual worlds like Second Life or
MMORPG worlds (Eustace et al. 2004). Moreover, there are platforms for
knowledge exchange, collaborative knowledge access, student monitoring, or
team-based learning.

8.3.3 Game-Based Collaborative Learning

Combining the collaborative learning paradigm with the advantages of computer
technology and gaming principles and mechanisms appears to be a promising new
way of creating game-based collaborative learning scenarios. If the mechanisms
proposed by Johnson and Johnson and the requirements postulated by Dillenbourg
can be incorporated in a multiplayer game design, digital game-based applications
can be created—with the benefits of a motivating, fun environment and the
assessment and evaluation tools coming from computer technology. On top of that,
if the game incorporates the instructor in an appropriate way, it becomes possible to
improve the instructor’s work in a collaborative learning scenario. The mechanisms
for collaborative fun gaming are very well suited for a game design, which fosters
collaborative learning as the characterizing goal. They provide design guidelines to
split the work among players/learners, to develop heterogeneous resources, to
assign distinct tasks and abilities within the learning context, and to supply methods
to foster communication and teamwork.
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Hence, in recent years, the first CSCL serious games have been designed and
implemented. They incorporate CSCL principles and combine them with serious
games mechanics, resulting in multiplayer serious games for collaborative learning
(Zea et al. 2009). Hämäläinen (2011) describes an approach of a collaborative game
for vocational learning, focusing on design elements essential for collaboration.
Reuter et al. (2012) describe an approach for designing and authoring multiplayer
adventures for collaborative learning, deriving concepts for puzzle design in mul-
tiplayer games. Other examples are the collaborative multiplayer serious games
Escape From Wilson Island (Wendel et al. 2012) (see Fig. 8.6), and the serious
game for teamwork workshops TeamUp (TeamUp 2015).

Yet, the lack of game-based collaborative learning applications in the market
suggests that there are still obstacles and challenges to overcome. The design of
teamwork, a component which is central to collaborative learning, is still not very
well understood. Quantifying the amount and quality of teamwork and collabora-
tion is challenging. In the literature, different performance measures are proposed.
Bowers et al. (1992) use coordination as a measure for teamwork. They created a
list of coordination behaviors based on seven behavioral dimensions. Those are:
Communication, situational awareness, leadership, assertiveness, decision making,
mission analysis, and adaptability. They are used to assess the frequency and
quality of coordination. Paris et al. (2000) created a taxonomy of variables with an
influence on team performance, providing the relevant factors with examples and
applicable interventions to train those factors. They are grouped into contextual
factors (e.g., culture, education system and information system), structural factors
(e.g., physical environment, organizational arrangements and technological sys-
tems), team design factors (e.g., task interdependence, team size and composition
and leadership), process factors (e.g., performance norms, communication, team
interactions and team spirit), and contingency factors (e.g., team mission, resource
availability, rules of operation, managing and decision-making). For each of those
factors, they define a set of applicable interventions:

Fig. 8.6 Screenshot of Escape From Wilson Island of players carrying a palm tree together
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• Contextual factors: team selection, task design, training
• Structural factors: team design, training
• Team design factors: team selection, task design, training
• Process factors: team selection, task design, training
• Contingency factors: task design, training.

In addition to such parameters and factors, other metrics have also been pro-
posed. A cooperative performance metric concept is described by El-Nasr et al.
(2010). It contains the following six metrics (measuring positive and negative
aspects) to measure teamwork, all relying on observation, with game sessions being
recorded, observed, analyzed, and annotated:

• laughter or excitement together (pos.)
• worked out strategies (pos.)
• helping (pos.)
• global strategies (pos.)
• waited for each other (pos.)
• got in the way of each other (neg.)

Shapiro et al. (2008) provide an overview over metrics for team performance for
simulation-based training in the domain of healthcare. They distinguish four types
of metrics: Event-based measurements, behavioral observation scales, behaviorally
anchored rating scales, and self-report measures. One of their main results is the fact
that “there is no standard team performance metric or set of metrics […] across the
healthcare disciplines.”

Another problem lies in the social component of multiplayer games and collab-
orative learning scenarios. As those scenarios involve a group of players/learners—
even in a small group—the problem of free riding exists. Technical possibilities such
as event logging, observation, etc. allow to counter this problem. Generally, it is
assumed that learners and players feel that their contributions are more crucial to the
progress of the team in smaller groups than in larger groups (Kidwell and Bennett
1993; Hindriks and Pancs 2002). Considering an optimal group size, Hare (1981)
suggests a size of five, and states that for larger groups, individual group members
might have fewer opportunities to contribute to the progress of the team.

Furthermore, the role of the instructor, while undoubtedly crucial to the col-
laborative learning process, presents a challenge for game design. Usually, this role
does not exist in other games, except perhaps in role-playing games. The concept of
role-playing games has been ported to computer and video games, yet without the
role of the so-called Game Master: His/her role is similar to the role of an instructor
in collaborative learning scenarios. Hence, in this context there exists research on
how to utilize the concept of a Game Master in a digital game (Tychsen et al. 2005;
Tychsen 2008; Wendel et al. 2012).

Nevertheless, there is still a lack of concepts on how to generally include
instructors in multiplayer collaborative games such that they are able to perform
their tasks as well as possible, supported by modern technology. This might be a
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major obstacle for using collaborative multiplayer games in training or teaching. In
general, reluctance can be observed among many teachers in many European
countries to use game technology—or even just computer technology in general—
in class. This reluctance results from two main problems: Lack of familiarity with
the medium and fear of loss of control when using a game technology without a
Game Master.

8.4 Multiplayer Game Design

Generally, the same game design guidelines, hints, and pitfalls valid for
single-player games also apply to multiplayer games. Those were already discussed
in the earlier chapters of this book. The focus here will be on those features that are
specific for multiplayer games.

When designing a serious game, one of the first steps is to define the target group
and the characteristic goal of the game. In multiplayer games, it additionally needs
to be decided how many players are supposed to play the game—whether they
participate simultaneously or in an asynchronous way, if they play together in
teams, against each other in a competitive way, or a combination of the two. In this
context, it is relevant whether the game world is persistent or if games are played in
(short) sessions. In competitive scenarios, matchmaking—matching opponents as
fair as possible—is an important aspect. Moreover, the speed and flow of the game
need to be taken into account. Further, it needs to be considered what influence
communication, or the lack of it, might have on the gameplay. Social issues like
grieving, mobbing, or toxic behavior of the players also needs to be considered,
especially in a classroom environment. Finally, it needs to be considered to what
extent the game will depend on hardware and network infrastructure in terms of
latency (see before, not in focus here). Hence, the following characteristics have an
impact on the game design:

• Number of players
• Persistency
• Matchmaking
• Competitive versus Collaborative
• Game speed and flow
• Influence of communication on gameplay
• Social issues (Grieving, Mobbing, Toxic behavior)

8.4.1 Number of Players

As discussed in Sect. 8.2, different multiplayer game genres are inherently appro-
priate for different numbers of players. Whereas an FPS is well suited for many
players but possibly rather boring if played by only two players, the opposite is
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valid for strategy games—both round-based or real-time simulation (RTS) games.
Round-based games tend to become boring due to long waiting times with an
increasing number of players, and RTS games are limited in the number of players
due to issues of overview and balancing. Hence, the number of desired players
impacts the suitability of genres for the serious game to be designed.

8.4.2 Persistence

Another characteristic to be considered is persistence. Depending on the game type,
there might be a persistent game world, or the game only persists during game
sessions. The former is an example for most of the big roleplaying game worlds
today, likeWoW, EverQuest, etc. Those worlds exist continuously, independent of a
player being in the game or not. Examples for the latter are FPS, strategy games, or
simulations. In those genres, the games have a clearly defined start (when all
players have joined the game) and end (usually when a winner is determined or the
session is aborted). In most such games, the session continues or is paused if a
player leaves the game (due to connection problems, etc.). If no pause is possible,
the game continues without the player until the end condition (victory/loss) is
reached. However, there is no persistent game world whatsoever between game
sessions. A persistent world is always present and accessible. Hence, players can
join the game whenever they wish, and players spending more time in the game
world might have an advantage compared to players just joining. This needs to be
considered in the game design. For example, in social network games, persistence is
a prerequisite for the characteristics of asynchronous play and casual multiplayer
access. For a non-persistent game, it needs to be considered that it usually can only
be played when the required number of players is available.

8.4.3 Matchmaking

For competitive games, fairness is a central issue. If games are unfair or players
with unequal skill are matched against each other, this might have a serious impact
on the game experience and fun.

Hence, matchmaking—the automated process that matches a player to and
against other players in games—is used in most of today’s competitive games. This
term should not be confused with the term matchmaking in computer science which
describes the marriage problem. The general idea of matchmaking in games is to
represent a player’s relevant skill(s) for a game by a (set of) number(s) and match
players according to those.

The most prominent matchmaking concept is the ELO concept, which originally
was designed by Elo (1978) to match chess players according to their skill level. In
the Elo system, each player has a skill value R assigned to him/her. Comparing two
skill values RA and RB of players A and B gives an indication of what the
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probabilities for each of those players is to win the game. The following formula
gives the win probability EA for player A:

EA ¼ 1

1þ 10ðRB�RAÞ=400

After a game, the Elo value of both players is updated according to the following
formula:

R0
A ¼ RA þ k � ðSA � EAÞ

Here, R′A is the new value for player A, RA is the old value for player A, SA is
the result of the game (1 for a win, 0.5 for a draw, 0 for a loss), and EA is the win
probability for player a. k is a weighting constant that usually changes according to
the number of games played—such that the Elo value changes more heavily for
new players, and less heavily for players after many games.

The ELO concept has since been extended to various competitive games (e.g.,
League of Legends, DotA2, etc.). However, the specific enhancements are not
publicly available.

Elo was originally designed for a 1:1 setting, and this is where it works best. Elo
has weaknesses in team scenarios, especially when a team does not consist of a
fixed set of players. If teams are built in an ad hoc fashion, which is often the case in
team-based multiplayer games as new players often join alone, such games need
mechanisms to form teams with the available players in a fair matchup.

The Glicko system (Glickman 1995) uses a Gaussian approach where skills are
assumed to lie within a variance r2 around mean value l. Hence, the basic idea is
that the initial estimated skill value lies within an interval that can be narrowed with
every additional game played, thus making the estimation more and more accurate.

In contrast to the Elo system, Glicko can make an assumption of how accurate
the current rating of a player is by using the variance, which should be smaller for
players with many games and larger for new players. Moreover, it can measure
consistency in player performance.

The TrueSkill model, developed by Microsoft Research for the Xbox, match-
making system uses a Bayesian approach to estimate the skill of a player in a team
(Herbrich et al. 2006). A factor graph is used to determine a team’s strength based
on its players’ skills.

All of those models, however, do not consider different roles. Yet, in many
team-based multiplayer games, different players usually take different roles, like
e.g., damage dealer, healer, tank, etc. The success of a team depends on:

• a good composition, i.e., a team of five damage dealers might be inferior to a
team with a well-tuned ratio of damage dealers, tanks, and healers)

• the players’ skill in the role they are playing
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The second condition can be problematic as the players’ skill for each position
can vary. Hence, players can be stronger on some positions and weaker on others.
This can be compared to the different roles, i.e., positions in soccer, like striker,
defense player, or goalkeeper. Usually, a good striker is not necessary equally good
when he needs to play as goalkeeper. This problem can be circumvented if the
matchmaking can make sure that each player plays in his/her preferred position,
which is usually the case in teams with fixed members. However, in multiplayer
games where players join the game alone and then get assigned to a team, it is very
likely that players need to play a role which they are not good at.

The TrueSkill-ext rating by Zhang et al. (2010) is an extended version of
TrueSkill. It uses a multivariate Gaussian model, where an m-dimensional vector is
used describing m different contexts (one for each role) of a player. It should be
mentioned that this only works if role selection is made before the team is
assembled.

Besides fairness, in learning games, maximizing learning outcomes for each
player is a major aspect. Thus, based on insights from learning theory, the learning
group formation algorithms that emerged not only take into account skill level, but
also how well team members complement each other and harmonize in their group
roles, personality traits, learning style preferences, etc.

As analyzed by Konert (2014a), from an algorithmic perspective two major
groups of approaches exist: Semantic matchmakers and analytic optimizer algo-
rithms. The former have their strength in respecting manifold boundary conditions
while matching learners based on an ontology of their knowledge domain; see also
(Inaba et al. 2000) or (Ounnas et al. 2008). A major disadvantage is the need for a
formalized ontology of the knowledge domain and/or the boundary conditions if a
logic solver is used.

Analytic optimizers, on the contrary, have no detailed information about the
interdependency of the manifold criteria to match. They operate on vector repre-
sentations and use a limited set of boundary conditions, such as the maximum
group size or the minimum group formation quality, based on a suitable metric for
quality calculation, often called the fitness function. Paredes et al. (2010) match
learners homogeneously by cluster analysis, but this appears to be limited in case
learners are heterogeneous in their skills, e.g., to complement each other in the field
of expertise and learn from each other the most. For this case, Cavanaugh and Ellis
(2004) use an iterative approach to build learning groups for cooperative tasks.
Gogoulou et al. (2007) provide several algorithms for the homogeneous, hetero-
geneous, and the mixed approach when some criteria have to be homogeneously
matched, while others should be heterogeneous among the group members.
Additionally, they have identified visual feedback for teachers (or instructors) as a
valuable component in order to allow manual group adjustment and feedback about
formed group quality. Based on the analysis of these approaches, in (Konert et al.
2014) the GroupAL algorithm is proposed that allows to use weighted homoge-
neous and heterogeneous criteria, while taking into account that all formed groups
should be rather similar in their combined group quality. The key idea behind the
GroupAL algorithm is to use the distance in criteria vectors K1;K2 between all
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possible pairs of members. The smaller the distance between two vectors is, the
more similar two members are. For each criterion a weight is considered. A vector
W represents the weights for all the criteria. For homogeneous criteria (KhetÞ this
vector distance should be minimal, while for heterogeneous criteria (KhomÞ the
distance needs to be maximized. This is considered in the following equation for the
so called Pair Performance Index which reached its maximum value, if the homSum
is minimized and the hetSum is maximized):

PPI K1; K2; W
� � ¼ hetSum K1

het; K
2
het; W

� �� homSum K1
hom; K

2
hom; W

� �

In following steps, PPI is normalized to a value space in the interval 0; 1½ �; and a
group performance index is calculated using the normalized standard deviation of
PPI. To find the best combination of members for a group (i.e., maximize PPI over
all groups) is a combinatory problem, which can be solved by optimization algo-
rithms using PPI as the metric to judge how good is a new build group. If the result
not good enough, new combinations are built and kept—if the resulting PPI values
for all pairs of group members are better than before. To keep the algorithmic
runtime performance manageable, GroupAL (like other algorithmic optimization
approaches) starts with pivot elements as first group members and then searches for
the next best candidate to add as long as not all groups are filled (or all participants
have a group). Such optimization approaches generate reasonable results in sce-
narios with up to a few thousand learners to match (Konert et al. 2014). Suitable
algorithmic solutions for larger scenarios are subject to ongoing research.

8.4.4 Competitive Versus Collaborative Gameplay

Another aspect impacting game design is the question of whether the game will be
played competitively, cooperatively, or collaboratively. Special game design
decisions need to be made to enable cooperative or collaborative gameplay.
Especially for collaborative gameplay, design guidelines for collaborative gaming
by Zagal et al., as well as the collaboration-related design guidelines by Dillenbourg
and by Johnson and Johnson (see Sect. 8.3.1), need to be considered; see
Sect. 8.2.3.

For competitive gameplay, fairness (matchmaking) needs to be considered for
pairs of adversaries. Moreover, incentives like leaderboards, high scores, etc. can be
used to motivate players.

For both competitive and collaborative games, it should be considered if and
how different roles can be included into the game design. For competitive games,
this might be a way to create team-based competitive games. For collaborative
games, this might help to implement the advised guidelines for collaborative play,
for example by providing heterogeneous resources.

A mixture of both, using the concept of coopetition, can be achieved if casual
multiplayer concepts are implemented, as in social serious games (see Sect. 8.2.2).
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8.4.5 Game Speed and Flow

Game speed and flow should be considered as early as possible in the design phase.
Depending on the characterizing goal, the best genres can be found based on these
criteria. Yet, for each genre, there are various kinds of games with a different
gameplay, which impact how the serious game will work. If, for example, it was
decided that a strategy game is the best choice, it needs to be decided if the game is
going to be turn-based, real-time, or have a variable speed, if it should be possible
to pause the game, etc. Those decisions might be influential regarding the learning
content. For example, if it is required that players reflect on the learning content
while playing, a slower-paced game (e.g., turn-based or with pausing) might be
more appropriate than a real-time simulation.

8.4.6 Communication Between Players

Communication is another core element of multiplayer games that greatly impacts
how the game is played. There are various ways of enabling communication
between the players. They can be classified into three main categories:

1. in-game signs
2. chat
3. voice communication

In-game signs are a method of communication which is not based on text or
speech; instead, it uses available mechanisms of the game to draw another player’s
attention to a relevant event. Examples are so-called pings, where a player marks an
object or location in the game world (often on a map) to tell another player that
something important is happening there. This is often used in team-based strategy
games. Another example is avatar-based gestures, which are common in
role-playing games where players are represented by an avatar. Those gestures can
be used to mediate affections, feelings, or expressions without the use of language.

Chat is probably the most common way to communicate in a game. By chat, we
mean digital chat tools for the exchange of short messages. While they are very
simple and powerful, they require that players speak a common language and are
able to express themselves in written form, possibly under time pressure. Hence,
chat might not be the right communication solution in multiplayer games,
depending on the target group (e.g., too young or international players) or the game
type (in RTS games there is often not enough time to type complex phrases in a chat
tool). Therefore, a slightly different and simpler way of chat-based communication
is to use predefined commands such as help, well done, come here, or do X with just
one mouse click. While this is more restrictive than a regular chat, it is quickly
accessible, and it limits the misuse of a chat for off-topic discussions.

Voice-based communication is the third alternative. Here, players can commu-
nicate simply by talking to each other. Trivially, this is possible if all players are
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together in one room. If this is not feasible, voice communication tools like Skype
can be used. Today, many such tools are available that are specialized in
team-based communication for online games, like TeamSpeak, Mumble, RaidCall,
or Curse Voice. Moreover, many online games have built-in voice communication.
While due to its wide availability, voice communication is not a technical challenge
for a game designer; however, it needs to be considered that voice communication
is available to the players whether intended by the game designer or not. So, unless
it cannot be assured that players do not use voice communication (like in a
classroom setting), one should assume that players will use voice communication.
This might impact various design decisions. For example, in a shooter game, a
player who was eliminated from the game (i.e., was killed) can still talk to his/her
teammates via a third party voice communication tool and give valuable hints.

8.4.7 Social Issues: Toxic Behavior and Virtual Property

Apart from communication, other social issues can have an influence on a multi-
player serious game.

In online games with persistence, there are usually players who are more
experienced than other players. Those players have an advantage in game knowl-
edge, and if gameplay is based on leveling up virtual characters, those players are
probably more advanced in the game and hence more powerful than new players.
Therefore, the game designer needs to think about problems of power imposition,
namely using the fact that one player is stronger in order to negatively impact
another player’s game experience, e.g., repeatedly killing that player’s character.
There are various countermeasures, like so-called safe areas where player versus
player combat is not possible, or mentoring systems where experienced players help
new players. Apart from being more powerful, other forms of grieving (annoying
other players on purpose) are verbal harassment, scamming (breaking promises),
ninja looting (stealing loot from a player before that player can pick it up), leaving a
game to prevent a loss, account sharing (sharing an account with other players to
have advantages), multi accounting (having more than one account to boost the
primary account), and many more. It needs to be considered to which extent this
toxic behavior can occur in the serious game to be created.

There are some countermeasures against toxic behavior in existing online
multiplayer games. Most of them provide their players with an option to report
toxic players to administrators. They can judge if those players should get a penalty.
In other games, this decision is given back to the player base for players who have
been reported by several others too many times. The community then decides if
those reports were justified, and if the player should be penalized. However, a study
by Riot games (Lin 2013, 2014) showed that penalizing negative behavior alone is
not sufficient to deal with toxic behavior in online multiplayer games. They sug-
gested that positive reinforcement, in addition to the negative reinforcement, should
be used. Hence, they gave players an option to honor fellow and opposing players
for good teamwork and sportsmanlike behavior. They also showed the importance
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of visibility, i.e., that both the players themselves and other players can see if a
player is positive.

Apart from this, virtual property is a problem the comes with state of the art
online multiplayer games. In some of these games, players can own virtual property
(e.g., a valuable magic sword). Usually, this is acquired by playing the game for a
long time. However, as they usually can be traded between players, and players are
willing to pay rather than spending a lot of time, those virtual items get a real
monetary value. Until recently, virtual property has led to a lot of problems in
gaming communities. On the one hand, virtual property is still considered a legal
grey area as many legal institutions do not consider virtual property as legal
property. For example, theft of virtual property is not covered by the law. Even real
murders connected to virtual property were reported. This shows that game
designers need to carefully consider if, and in which form, they include virtual
property in their games.

On the other hand, virtual property can be a very powerful and beneficial aspect
of game design, when players are empowered to create their own game elements.
So called user-generated content allows players to personalize their game, be cre-
ative, and share their ideas with others. If used properly by game designers,
user-generated content is a way to allow an endless amount of new content, quests,
and tasks to be added to the game (e.g., new levels in Sony’s Little Big Planet, or
creatures in Electronic Arts’ Spore). Especially for serious games with a limited
budget, this seems to be an attractive option. Obviously, efficient quality control
mechanisms have to be added to prevent content containing incorrect facts, low
quality content, or illegal content to be spread via the game. From a didactic
perspective, support for user-generated content allows for deep learning experiences
as players not only solve predefined problems, but also ask questions create quests
and provide proper new solutions. These abilities are part of the high-level
problem-solving skills that are very suitable to be taught via games (Gee 2009).

8.5 Summary and Outlook

This chapter provided an overview of multiplayer serious games. Starting with an
historical view on digital multiplayer games, we considered the development of
multiplayer games and covered many facets of multiplayer gaming.

The chapter shows how multiplayer games can be classified in terms of game
types, used techniques, genres, and interaction forms. This covers the use of various
technologies like shared screen or split-screen, appropriateness of game genres for
various serious gaming purposes, and which interaction form(s) can be used in a
serious games context.

Further, this chapter covered the topic of collaborative learning, especially
focusing on the relationship between collaborative gaming and collaborative
learning. It is shown how the concepts and paradigms of collaborative learning can
be naturally used in multiplayer games, and how they can be further utilized to
improve collaborative learning in multiplayer games.
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Finally, multiplayer game design issues were discussed, looking at the various
dimensions of multiplayer gaming that impact the design process, and hence should
be considered from the very beginning. Those are: Number of players, persistence
of the game world, matchmaking, competitive versus collaborative gaming, game
speed and flow, communication, social issues like toxic behavior, and
user-generated content.

Check your understanding of this chapter by answering the following questions:

• Why were many of the oldest digital games multiplayer games?
• How are multiplayer games today different from multiplayer games in the 1970s

and 80s?
• What forms of multiplayer games do you know about?
• What multiplayer genres do you know, and how are they appropriate for serious

game purposes?
• What different kinds of communications do you know in multiplayer games?
• Why do multiplayer games offer great potential when it comes to collaborative

learning?
• What collaborative learning concepts are used in multiplayer games, especially

MMORPGs?
• What are important rules and pitfalls when designing collaborative multiplayer

games?
• How do the number of players, game world persistence, or game speed and flow

influence the design of multiplayer serious games?
• What is the role of matchmaking in multiplayer games? Why is this important

for MMOGs? Why and under which circumstances might this be important
when designing multiplayer serious games? Why is it even more complex to
match players in serious games?

• What influence on the design of a multiplayer serious game does in-game
communication have?

• Why are social issues relevant when designing multiplayer serious games, and
what are current problems in MMOGs related to social aspects? Which
counter-measures exist?
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9Player Experience

Josef Wiemeyer, Lennart Nacke, Christiane Moser
and Florian ‘Floyd’ Mueller

Abstract
In computer science, the concept of user experience has proven to be beneficial in
order to improve the quality of interaction between software and its users, by
taking users’ emotions and attitudes into account. In general, user experience
focuses on interaction. As not only interaction (e.g., good usability) is of
importance for players, this chapter discusses how the concept of user experience
can not only be applied to serious games, but also how it can be extended in order
to cover the characteristics of games as a special software. For this refined concept,
the term player experience has been coined. First, the concept of player experience
is introduced in this chapter. The adequate conceptualization of player experience
requires differentiating specific dimensions like (game-) flow, immersion,
challenge, tension, competence, and emotions. Because of the individual nature
of player experience, psychological models need to be used for the conceptu-
alization as they are able to reflect this multidimensional structure. In addition,
interdisciplinary models are needed in order to address the various factors
influencing player experience. This ensures a holistic approach. Second, the
question how to measure player experience is discussed. Here, different levels
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have to be distinguished: Behavior, physiological reactions, and subjective
experience. Finally, it is shown how knowledge about player experience can be
employed to develop serious games systematically and to improve their quality.

9.1 Introduction

According to their double mission characterized in Chap. 1, serious games have to
accomplish at least two goals: on the one hand entertainment and on the other hand
the characterizing goal(s). The entertainment goal will be addressed in this chapter,
whereas Chap. 10 will deal with the characterizing goal(s). Experiencing a serious
game as a “game” is a personal and individual matter. According to Huizinga
(2013), playing games has a different meaning in different cultures. In Chap. 1,
gaming or ludus (rule-based) has been distinguished from playing or paidea (free).
The individual and personal experience of gaming comprises numerous aspects, for
example, intrinsically motivated actions (free of external determination), perform-
ing symbolic or fictional actions in a quasi-real context constrained by the rules of a
game, ambivalence and openness to both procedure and outcomes, presence and
immersion etc. All these aspects refer primarily to the (socio-)psychological
experience of the players. Therefore, (socio-)psychological factors play an impor-
tant role in the research on player experience. On the other hand, personal expe-
rience is accompanied by more or less specific observable behavior (like laughing,
smiling or frown) and physiological reactions (like increased heart rate or blood
pressure). Accordingly, three levels of player experience need to be distinguished:

• The (socio-)psychological level (individual experience)
• The behavioral level
• The physiological level

Because the individual (socio-)psychological level is the constituent aspect of
player experience this aspect will be emphasized in this chapter.

The uniqueness of gaming experience is one important reason for the great
success of digital games in general. The goal of serious games is to exploit this
fascination of players to enhance engagement, in order to foster the acquisition of
the characterizing goal(s). Therefore, it is important to know how player experience
is structured to systematically address mechanisms that elicit player experience. In a
strict sense, player experience is the more appropriate term as compared to game
experience, because it is the person of the player who makes this specific experi-
ence. Therefore, player experience (PE) will be used in this chapter whenever
possible. Player experience has to be distinguished from player types. Whereas the
former denotes a transient and dynamic construct (state), the latter denotes a more
or less stable and static construct or trait. For a recent approach to player types, see
(Nacke et al. 2014).
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This chapter is divided into four main parts. First, the concept of user experience
will be discussed as a kind of precursor of player experience. Second, psychological
models of player experience are discussed to clarify the mechanisms and compo-
nents of player experience. Third, integrative models of player experience are
addressed. These models integrate the findings of numerous scientific disciplines,
e.g., (neuro-) physiology, psychology, and sociology to explain the factors con-
tributing to player experience. Often, these models are dedicated to a specific
domain, e.g., exergames or educational games. In the last part of this chapter,
guidelines and recommendations are given to foster player experience.

9.2 User Experience as a Precursor of Player Experience

In the past decade, we have seen a surge of interest in the emotional and affective
aspect of user experience (UX), especially in entertainment media, such as video
games. Before it became a field of its own, games user research (GUR) was often
done informally within the development team or with players that were close
friends of the developers. Today, GUR is a formal process with its own set of
techniques that is aimed at finding the desired experience for a game together with
the design team. Classic usability testing is not sufficient for testing games, since its
standard metrics, such as effectiveness measured as task completion or efficiency
measured as error rates, do not map directly to evaluating games. Developers of
user interfaces for desktop software are primarily concerned with functionality,
while games need to be evaluated with a strong focus on the human aspect—the
player—in mind. Traditional usability metrics remain relevant in GUR, but they are
subsidiary means that can supplement other forms of evaluation of digital games.

User experience is a concept that has been misunderstood for years, because the
shift of research from a focus on functionality toward creating an aesthetically
pleasing experience was done slowly. Similarly, we have seen quality assurance
and simple functionality tests in game development for years, but during the past
decade, the choice toward creating entire games user research departments became
obvious for many game developers. The focus on humans as part of evaluating
technology is now the de facto standard for many evaluation approaches within
human-computer interaction (HCI) and has led to prominence of user experience
(UX) research over usability research. For video games, understanding and
attempting to measure player experiences (PE) has become a core aspect of GUR.
Thereby, PE describes the qualities of the player-game interactions and is typically
investigated during and after the interaction with games (Nacke et al. 2009).

Along these lines, it might be useful to distinguish between different GUR
concepts, such as playability, game usability, and player experience. There are even
more definitions in the literature that refer to different types of player experiences.
However, for the sake of our understanding of PE in games, we can distinguish
between different levels of perception of gameplay for players. Nacke (2010)
introduced a core understanding of these perceived layers of experience within
video games. Evaluating the technology is fundamentally different from evaluating
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the higher level concepts of experience for players within a given context (Engl and
Nacke 2013). The ideas behind playability and game usability seem to be more
relevant for ensuring a good experience for players on a technological level, which
serves as the foundation for creating good player experiences subsequently.

Whereas playability and game usability refer to the technological level,
player experience denotes the individual and personal experience of playing
games. Player experience describes the qualities of the player-game interac-
tions and is typically investigated during and after the interaction with games.

Analogous to HCI, where a shift took place from usability to user expe-
rience (UX), in games research player experience (PE) has gained importance
rather than game experience (GX).

In the related literature, we find a number of different understandings regarding
PE in games. By reviewing these, we can move toward a better definition of PE in
games.

Brown and Cairns (2004) have noted that players choose games they play
according to their mood, and it is to be expected that people especially seek games
that elicit appreciated emotional responses. Therefore, it is necessary to get to know
the player better (e.g., how they play, what motivates them to play, or what creates
aversion towards certain game forms; Mäyrä 2008a, b). Ravaja et al. (2008)
evaluated emotional response (e.g., emotional valence, arousal, and discrete emo-
tions like joy, pleasant relaxation, anger, fear, and depressed feelings) and sense of
presence as potential criteria in games from the point of view of UX.

Gerling et al. (2011) state that the term player experience “in video games
describes the individual perception of the interaction process between player and
game,” and is derived from the phenomenon of UX (defined in ISO
9241-210:2010) describing how a person perceives and responds to the interaction
with a system—both highlighting the subjective, psychological nature of the phe-
nomenon and focusing on the interaction process.

Lazzaro (2008) argues that UX and PE are not the same. For her, UX is the
experience of use (i.e., how easily and well suited is the system to the task or what
the person expects to accomplish in order to advancing the usability), while PE is
the experience of play (i.e., how well the game supports and provides the type of
fun the player wants to have). She claims that UX looks at what prevents the ability
to play, and PE looks at what prevents the player from having fun.

Nacke and Drachen (2011) introduce a framework to investigate player expe-
rience based on existing UX research and the differences between games and other
applications. For them, PE is related to the user experience in the context of digital
games. They claim that current PE research is aimed at investigating emotional,
social, and cognitive components of the experience emerging from the interaction
between players and a game. In contrast to most UX research, they also want to take
into account PE before, during and after interacting with a game (inspired by Law
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et al. 2007). Schell (2008) noted that games enable PE through interaction with
game elements and/or other players, but the imagined (i.e., anticipated) player
experience is the reason for people to play.

Many of these papers use definitions of player, gameplay, gaming, playing, or
player experiences without establishing what such a construct would actually mean.
The most useful for a shared understanding of PE is, therefore, to think about how
these terms can provide a useful vocabulary for GUR when trying to improve video
game design. This remains challenging as new models of PE are being developed
and tested.

Furthermore, the concept of PE is divided to reflect specific aspects of play, such
as challenge, tension or anxiety, and immersion within the game world. Immersion
is of particular interest when discussing novel interactive technologies and control
paradigms, as designers strive to enhance realism and meaningful interaction within
games. The integration of new technologies can have a multitude of differing
impacts on PE, affecting the ability of players to understand their role in the game
world and to effectively complete game objectives. Ultimately, the effects of any
one system element on the entire player experience is composed of an intricate
collection of relationships between the factors defining PE. For a better under-
standing of these elements, we have to turn to psychological models of human
motivation and behavior to create a holistic picture of PE.

9.3 Psychological Models of Player Experience

In principle, the experience of gaming is a personal experience. Therefore, psy-
chological models try to explain the structure of player experience as well as the
factors contributing to this experience. In this section, models that address player
(or game) experience are discussed. Unfortunately, as has been argued in the pre-
vious section, there is no general agreement on player experience. Therefore,
various models are introduced and discussed first. In a next step, the components
and factors addressed by the models are summarized.

Psychological models can be divided into two categories: Generic models that
have been developed for a wide range of application areas including gaming, and
domain-specific models that have been developed especially for the game domain.
Generic models range from simple behaviorist frameworks (like instrumental
conditioning by Skinner) over cognitivist or information processing approaches to
constructivist approaches. Due to limited space, this section will not be able to
cover all psychological models that are relevant to understanding and explaining
player experience. Rather, selected approaches are analyzed that attempt to explain
the particular appeal of player experience.
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The following models will be discussed (see Fig. 9.1):

• Self-determination theory (SDT)
• Attention, relevance, confidence, satisfaction (ARCS)
• Flow
• GameFlow
• Presence and immersion
• Fun of gaming (FUGA)
• Core elements of game experience (CEGE)
• PLAY heuristics

Self-determination Theory (SDT)

Player experience is a positive experience including intrinsic motivation. There are
numerous models that try to explain how intrinsic motivation arises. One very
influential approach is the theory of self-determination (SDT) proposed by Ryan
and Deci (2000). According to SDT people have three basic needs: competence,
autonomy and relatedness.

The concept of competence means that people like to feel being able to meet the
requirements of tasks they have to or want to complete. However, it is important to
attribute the outcome to one’s own engagement or talent. This perceived internal
“locus of causality” (Ryan and Deci 2000, p.70) confirms intrinsic motivation as
opposed to external attributions, e.g., to chance or support by others. One important
source of intrinsic motivation is intrinsic rewards like success. On the other hand,
intrinsic motivation can be undermined by all forms of extrinsic reward (for a tax-
onomy of rewards see Phillips et al. 2013), likemoney or praise (e.g., Deci et al. 1999).

Furthermore, people want to feel autonomous in selecting their individual goals,
choosing the means to reach these goals, and evaluating the causes of success or
failure. External control is detrimental to intrinsic motivation, for example, resulting
in decreased engagement and curiosity.

Fig. 9.1 Models relevant to player experience
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Beyond competence and autonomy, a third aspect is important for intrinsic
motivation, i.e., relatedness. Being integrated in various interpersonal settings like
parent-child, inter-sibling, or peer-to-peer seems to establish a sense of security to
start and maintain exploratory behavior.

For player experience, this means that playing games should support competence
(i.e., by appropriate level design and feedback), autonomy (i.e., by experiencing
internal control of gaming), and relatedness (i.e., by establishing a game community
for communication and collaboration).

Ryan et al. (2006; see also Rigby and Ryan 2007) extended the SDT to the
Player Experience of Need Satisfaction (PENS) model. The PENS approach
includes five dimensions:

• PENS in-game autonomy: This dimension denotes the experience of the players
to feel free to make decisions and choices in the game.

• PENS in-game competence: This dimension concerns an appropriate balance
between the challenges of the game and the competence level of the players.

• PENS in-game relatedness: In-game relatedness means, how much the players
are feeling connected to other players in the game.

• PENS presence: This dimension is subdivided into three subdimensions, i.e.,
physical, emotional, and narrative presence.

• PENS intuitive controls: This dimension concerns the ease of control in the
game, e.g., by easy-to-remember control keys.

Attention, Relevance, Confidence, Satisfaction (ARCS)

Keller (1987, 2009) developed a model that includes four main strategies to elicit
and maintain motivation: Attention, relevance, confidence, and satisfaction
(ARCS).

Attending to information is a widely accepted prerequisite of information pro-
cessing. Information that is not in the focus of attention goes unrecognized and will
not be processed. Attention plays a role in many models of human behavior. There
seems to be an optimum of attention. This implies that an appropriate balance has to
be established on the continuum of extremely low and extremely high attention.
Possible means to attract attention in a game are a surprising event, a loud noise, or
a quiet pause.

Relevance means that the activity should be considered purposeful and mean-
ingful from the perspective of the player. Therefore, the player should be able to
immediately recognize the functional significance of every in-game activity.

Confidence or expectancy of success means that the players have the persuasion
to be successful if they show sufficient engagement. The level of confidence has
important consequences for several aspects—for example, causal attribution in case
of success (ability and effort rather than good luck), increased and sustained
engagement, and self-efficacy.
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Satisfaction means that people “feel good about their accomplishments” (Keller
1987, p.6). Analogous to intrinsic motivation mentioned in the previous subsection,
intrinsic satisfaction and personal enjoyment can decrease if the activities are
externally controlled.

Flow

Flow is a particular state that emerges when people perform intrinsically motivated
or autotelic activities, i.e., activities bearing their rewards in themselves (see also
Chap. 1). The state of flow has the following characteristics (Nakamura and
Csikszentmihalyi 2002): Increased and focused attention on the current activity,
merging of action and awareness, loss of reflective self-consciousness, sense of
control over one’s actions, distortion of time experience, and experience of the
activity as intrinsically rewarding.

According to Jackson and Marsh (1996), the flow experience has the following
nine dimensions: Balance of challenge and skill level, merging of action and
awareness (i.e., things happen automatically), clearly defined goals, unambiguous,
i.e., clear and immediate, feedback, concentration on task at hand, sense of control,
loss of self-consciousness, transformation of time, and autotelic experience. The
authors could confirm this nine-scale structure by a confirmatory factor analysis.

GameFlow

Sweetser and Wyeth (2005) applied the concept of flow to gaming in order to
explain enjoyment in games. Their concept of GameFlow consists of eight ele-
ments: concentration, challenge, skills, control, clear goals, feedback, immersion,
and social interaction. Table 9.1 maps the elements of GameFlow proposed by
Sweetser and Wyeth (2005) to the elements of Flow proposed by Jackson and
Marsh (1996).

Furthermore, the authors deliver numerous criteria to assess the eight elements of
GameFlow. For example, concerning the control dimension players should feel a
sense of control over the actions of their characters, their interfaces, the game shell
(i.e., starting, stopping, saving), and their strategies.

Presence and Immersion

Presence is a concept that has a close relationship to flow experience on the one
hand and to immersion on the other hand. People experiencing presence in
media-controlled environments like virtual reality or digital games have the feeling
of “being there,” i.e., actually being in the scene regardless of the notion that the
scene is artificial. Whereas presence denotes a specific personal experience, im-
mersion is suggested as an umbrella term by Nacke (2009a, b) which incorporates
presence and flow as certain stages. There are several connotations of presence
(Lombard and Ditton 1997), and the concept is considered a multi-faceted phe-
nomenon. A common distinction is made between social and physical (i.e., spatial)
presence (Schultze 2010).
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According to the process model of spatial presence proposed by Wirth et al.
(2007), spatial presence evolves according to two consecutive stages. First, a spatial
situation model is established depending on attentional processes, which are
influenced by both media and user factors. Second, a spatial presence experience
emerges depending on involvement and suspension of disbelief. The authors
developed and validated an eight-scale spatial presence questionnaire (Wirth et al.
2008).

Takatalo et al. (2011) try to integrate presence and flow. In their Presence-
Involvement-Flow Framework (PIFF2), they state that on the one hand presence
and involvement in a game are influenced by the (interactive) way the player
establishes a relationship with the game (adaptation); on the other hand, the level of
flow influences the cognitive evaluation and the emotional outcomes of playing.

Furthermore, the authors distinguish ten subcomponents of player experience:
Skill and competence, challenge, emotions, control, autonomy and freedom, focus
and concentration, physical presence, involvement, meaning and curiosity, story,
drama and fantasy, social interaction and interactivity, controls, and usability.

Fun of Gaming (FUGA)

Based on focus groups, expert interviews and questionnaire studies, Poels et al.
(2008) developed a seven-factor model of player experience. The seven factors are
specified as follows: Sensory and imaginative immersion, tension, competence,
flow, negative affect, positive affect, and challenge. Note that the presence
dimension was subsumed under the immersion dimension. Negative and positive
affects denote unpleasant and pleasant emotional responses, respectively.

Table 9.1 Mapping elements of GameFlow (Sweetser and Wyeth 2005) to elements of flow
(Jackson and Marsh 1996)

GameFlow element (Sweets and Wyeth 2005) Flow element (Jackson and Marsh 1996)

Concentration Concentration on task at hand

Challenge Balance of challenge and skill level

Skills

Control Sense of control

Clear Goals Clearly defined goals

Feedback Unambiguous, i.e., clear and immediate,
feedback

Immersion Loss of self-consciousness

Transformation of time

Social Interaction –

– Autotelic experience

– Merging of action and awareness
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Core Elements of the Gaming Experience (CEGE)

Calvillo-Gámez et al. (2010) proposed a “theory of the Core Elements of the Gaming
Experience (CEGE).” This model was developed using qualitative methods. It
identifies two essential factors influencing the experiences of immersion, flow and
presence when playing digital games: puppetry and video-game perception.

The term puppetry denotes the player’s interaction with the game. This inter-
action is shaped by the player’s sense of control, e.g., operating controllers and
memory load, and ownership, e.g., personal goals, actions, and rewards. Further-
more, facilitators like aesthetics, previous experience, and playing time moderate
the interaction process.

The term video-game (perception) denotes how the player experiences the game
depending on the environment, i.e., graphics and sound, and game-play, i.e., rules
and scenarios.

Using an unconventional terminology, this approach includes many concepts
from the above-mentioned generic models like competence.

PLAY Heuristics

Desurvire and Wiberg (2009) proposed a framework for evaluating the playability
of games. The framework consists of three categories: Gameplay, coolness/
entertainment/humor/emotional immersion, and usability and game mechanics.
Many of the 116 proposed heuristics directly address aspects of player experience:
Enduring play, challenge, immersion, sense of control, and positive emotions.

Combining the Results

The approaches discussed in this section address the process of player experience
from different perspectives. One type of model transfers the concepts in general
psychology to games. Another type of model starts from the perspective of either
the players themselves, or the perspective of game developers and researchers. To
combine the results, the following (social-)psychological elements of player
experience are reported:

• Competence
• Autonomy and control
• Immersion, (spatial and social) presence, flow, and GameFlow
• Involvement and (enduring) engagement
• Social relatedness and social interaction
• Challenge
• Tension
• Curiosity
• Fantasy
• Positive and negative emotions
• Intrinsic goals
• Feedback and evaluation
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However, it has also become clear that some of the elements are hardly sepa-
rable. Furthermore, the approaches state that there are complex interactions between
the elements of player experience. In addition, the particular elements themselves
are often structured into different components, e.g., flow and presence. Finally,
there are numerous moderators influencing the interactions.

9.4 Integrative Models of Player Experience

In this chapter, the multidimensional nature of player experience has been
emphasized several times. Therefore, purely psychological model are not able to
cover all aspects of this multi-faceted construct. Rather, models integrating the
various disciplinary aspects are required, e.g., psychological, sociological, physi-
ological, and biomechanical perspectives (see Fig. 9.2). Due to the double mission
of serious games and the domain-specific interrelations of influencing factors in
specific application fields, there is a need for the adaptation of generic models (for
an example in the field of exergames for persons with disablities, see Wiemeyer
et al. 2015).

Fig. 9.2 Integrative models of player experience
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In this section, selected integrative models are discussed. The following models
will be addressed:

• ISCAL model
• Dual-flow model (DFM)
• Four-lens model (4LM)
• Play Patterns And eXperience (PPAX) framework

In a strict sense, these models are not pure models of player experience. How-
ever, they address specific features of serious games design that are deemed
important for player experience.

ISCAL Model

Zhang et al. (2011) proposed a model for the design of exergames. This model
claims that five characteristics are important to establish high-quality exergames:

• Immersion
• Scientificalness
• Competitiveness
• Adaptibility
• Learning

According to the ISCAL model, immersion can be supported by the use of
sensor-based feedback, e.g., force, acceleration or movement trajectories, and by
naturally mapped interfaces. Concerning natural mapping of interfaces, Skalski
et al. (2011) differentiate four types: Directional, kinesic, incomplete tangible and
realistic tangible natural mapping. An example of directional mapping is the
assignment of up movements to a button located at the top of a keyboard or
gamepad, and down movements to a button placed at the bottom. An example of
kinesic mapping is the Sony EyeToy system or the Kinect camera, where gestures
without realistic devices have to be performed to indicate one’s actions. An
example of incomplete tangible mapping is the Nintendo Wii remote controller,
which may at least partly simulate the feeling of a real object. Using a steering
wheel, throttle, and brake pedals for car racing is an example of realistic tangible
mapping.

Scientificalness of serious games means that the game design has to follow the
current state-of-the-art in science. For exergames, this implies that depending on the
objective and target group, the relevant theories of motor learning, training, health
science, or rehabilitation have to be considered in the game development process.
For example, Hardy et al. (2015) proposed a framework for personalized and
adaptive health games based on the principles of training science. An example of
scientific substantiation of motor learning can be found in Wiemeyer and Hardy
(2013). Furthermore, the psychological models of player experience mentioned in
the previous section should also be considered.
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Competitiveness means that serious games should include comparison to others,
either real players or virtual non-playing characters (NPC). However, competi-
tiveness has its limits. Results in several fields show that competition in serious
games is not always the best way to enhance player experience. Often, cooperation
is a better way to motivate players—for example, in the fields of learning and
rehabilitation (e.g., Hattie 2009; Marker and Staiano 2015).

Adaptibility means that the game must be able to perform dynamic adjustments
to the more or less static as well as dynamic characteristics of the player. A serious
game that does not adapt may lead to a decline of player experience due to overload
or underchallenge. Examples for adaptive systems are proposed by Hocine et al.
(2014) for motor rehabilitation and by Hoffmann et al. (2014) for individualized
aerobic training. This aspect will also be addressed in Chap. 10.

Learning about the environments of serious games is also a feature which may
add to the attractiveness of games. Zhang et al. (2011), for example, included
learning of knowledge about Chinese and Olympic culture in their function and
design framework of a digital Olympic museum. However, knowledge to be learned
should always be relevant to the context of the serious games to avoid demotivation
due to externally enforced learning of irrelevant information. At the very least,
game developers have to consider whether players may actually be interested in the
learning subject.

Zhang et al. (2011) applied the model to an exergame for aerobic training.
A sample of 20 players (undergraduate students; age: 17 to 22 years; gender: 7
females, 13 males) played this exergame for 15 consecutive days. The ISCAL
model was able to differentiate between different playing modes (tour, training, and
competition). Furthermore, the study revealed a high level of player experience, i.e.,
the score was always about 7.5 on a 10-point scale. However, PE was assessed by
asking just one question (scale: 1–10). Interestingly, the female player experience
initially increased logarithmically, followed by a plateau and small decline, whereas
the male player experience started at a high level followed by a gradual decrease. In
contrast to this, subjective satisfaction with training effects showed a logarithmical
increase in females and males.

Dual Flow Model (DFM)

To address the double mission of serious games, Sinclair (2011) proposed a
dual-flow model (DFM). This model differentiates two main objectives: Attrac-
tiveness and effectiveness of serious games.

The effectiveness of serious games means that the characterizing goal is actually
achieved. This requires that serious games are based on sound scientific ground. In
exergames, for example, the appropriate load parameters like intensity, duration,
density, volume, and frequency have to be considered—as well as the principles of
progression, adaptation, and individualization. To ensure optimal effectiveness the
load parameters have to be adapted to the physical or psychic capacity of the player.
Effectiveness will be impaired if the load imposed by the game leaves the “corridor”
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of optimal matching. If load is too high, maladaptations and overload will result; if
load is too low, no or sub-optimal adaptations will be the consequence.

Attractiveness means that the “system needs to make people want to play the
game or games, in order to motivate the user to exercise” (Sinclair 2011, p.38).
Following the findings of Malone (1980, 1982), Sinclair claims that attractiveness is
supported predominantly by challenge, curiosity, and fantasy. However, the
appropriate balance of challenge, curiosity, and fantasy seems to be dependent on
the individual characteristics of the player. Furthermore, Sinclair includes the
concepts of flow and GameFlow mentioned above, as well as the individual zones
of optimal functioning model (IZOF; Hanin 2007) and the Yerkes-Dodson law
(Yerkes and Dodson 1908). Whereas the flow and GameFlow model relate skill
level to challenge, the other two models relate emotions and arousal to perfor-
mance. In this context, it should be noted that in their original work Yerkes and
Dodson already identified task difficulty as a moderator of the arousal-performance
relationship. Their experiments indicated that the more difficult the task is the lower
is the stress level yielding peak performance. This result is often neglected when
referring to the Yerkes-Dodson law as a general inverted-U-shaped relation of stress
or arousal and performance. To ensure the attractiveness of serious games, Sinclair
(2011) also calls for efficient dynamic difficulty adjustment in order to keep the
players in the zone of flow and optimal functioning.

Sinclair (2011) tested his dual-flow model by manipulating the control of
intensity (effectiveness) and challenge (attractiveness) on a sample of 21 subjects
(age: 21 to 41 years; gender: 8 males, 13 females). Using a repeated-measures
design, the subjects played a bike-based exergame under four conditions: Dynamic
challenge control and dynamic intensity control, dynamic challenge control only,
dynamic intensity control only, and no dynamic control at all. Concerning player
engagement assessed by three questions (interest, time perception), the control of
intensity evoked a lower level of engagement, whereas there was no differential
effect of challenge control. On the one hand, this result illustrates the interrelation of
load and attractiveness; on the other hand, the dual-flow model has to be reworked
concerning control of challenge.

Four-Lens Model (4LM)

Mueller et al. (2011) proposed a four-lens model of exergames design. Although the
model has been particularly developed for exergames, it can easily be transferred to
serious games in general. In this model, they distinguish four levels of players’
reaction to exergames:

• The responding body
• The moving body
• The sensing body
• The relating body
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The responding body denotes changes of internal states as a consequence of
playing games. Strictly speaking, every system of the human body responds to
playing games: Central nervous system, cardiovascular, respiratory, endocrine
(hormone), metabolic, neuro-muscular, etc. Therefore, the body’s physiological and
biochemical responses can be measured to estimate the psychophysical strain or the
impact of serious games on player experience. This aspect will be addressed in
Sect. 9.5. The responses of the body can be more or less transient (functional
adaptations) or permanent (structural adaptations).

The moving body means that game (inter)actions are always accompanied by
spatio-temporal changes of the whole body or at least of body parts (e.g., fingers).
These changes can be quantified by biomechanical sensors. Therefore, trajectories,
translational velocity, acceleration, angular displacement, velocity, and acceleration
as well as forces, torques, work, and energy can be determined to quantify
movements. Biomechanical signals can be used to identify either distinct types of
actions, e.g., a backhand stroke in tennis, or action parameters, e.g., force, timing,
and direction of a stroke. To support the player experience, sensor signals should be
mapped naturally to the game (e.g., Skalski et al. 2011); there should also be a close
temporal relationship of player actions and game reactions (feedback) (e.g., Spel-
mezan 2012). Beyond quantitative characteristics of movement, there are also
qualitative aspects like rhythm, speed, fluency, or structure. These features can also
be used to control games.

The sensing body describes information processing of the players. When playing
games, players perceive, make decisions, and solve problems. The game environ-
ment, including real or virtual objects, considerably influences these subjective
experiences. Therefore, experiences can be more or less realistic or virtual. Both
variants bear specific advantages and disadvantages. For example, interacting with
virtual environments offers much more degrees of freedom compared to realistic
environments. On the other hand, virtual environments may lack the persuasive
power of realism—and may even lead to discomfort when signals from different
senses do not match. In virtual environments, the phenomenon of “simulator
sickness” is well known (e.g., Kolasinski 1995).

The relating body means that players interact with, or communicate to, other
players. These interactions and communications are mediated by game technology.
Mueller et al. (2011) emphasize the fact that social interactions are extremely
diverse. Different roles as well as modes of interaction (e.g., cooperation versus
competition) determine player experience. Maier et al. (2014) report preliminary
results regarding the influence of social relations on gaming. They could find a
tendency that social gaming enhanced engagement and motivation to play a rehab
game. Furthermore, social relations are a strong factor determining adherence to
activities, e.g., gaming or health-related behavior.

Play Patterns And eXperience (PPAX) Framework

The PPAX framework was developed by Cowley et al. (2013) to connect player
experience to game design and game context. The model relies predominantly on
physiological measures of player experience. This data is the ingredient for
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computational analysis of higher level relationships. The hierarchical model dis-
tinguishes four basic links within a hierarchic framework: Game-player links,
design-pattern–personality links, play pattern-reaction pattern links, and game
event–play reaction links.

Concerning the personality of the player, general and domain-specific states and
traits are distinguished. Furthermore, the model does not only consider single links
of game events and play reactions, but also patterns of play-reaction links.

Integrative Models—Summary

To conclude, the integrative models described in this section extend the view on
player experience by adding important perspectives, e.g., social and (neuro-)
physiological aspects. This knowledge contributes to the quality of serious games
design. In particular, the relationship between different disciplinary perspectives has
to be considered. Therefore, the development of serious games requires interdis-
ciplinary teamwork. Considering the multi-faceted and interdisciplinary nature of
player experience, the question arises as to how the different components and
dimensions can be assessed. This issue will be addressed in the following section.

9.5 Measuring Player Experience

Comprehending the interactive relationship that exists between human beings and
game systems is a complex and challenging area of ongoing games research within
HCI. To obtain an accurate understanding of PE, a plethora of factors must be
considered relating to psychological characteristics, gameplay performance, and
human emotion. The measurement of these factors is achieved through the use of a
number of experimental techniques involving behavioral (e.g., reaction time, and
game logs), physiological (e.g., sensors monitoring heart rate, muscle activity, and
brain waves) and subjective (e.g., questionnaires and interviews) methods.

Game researchers are thus tasked with the experimental analysis of large groups
of interrelating experience factors, often through the manipulation of discrete
characteristics of the game system (such as difficulty, control scheme, and sensory
feedback) or the context in which the game is played (for a comparison of labo-
ratory and home, see Takatalo et al. 2011). Through the careful manipulation of
these variables, researchers attempt to quantify the specific effects of any given
change or design decision in a game system. There are several methods that are
commonly used in games user research to assess player experiences.

Some of the methods used to access individual player experience are (Nacke
et al. 2010a, b; see also Fig. 9.3):

• Psychophysiological player testing: Controlled measures of gameplay experi-
ence with the use of physical sensors to assess user reactions.

• Eye tracking: Measurement of eye fixation and attention focus to infer details of
cognitive and attentional processes.
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• Persona modelling: Constructed player models.
• Game metrics behavior assessment: Logging of every action the player takes

while playing, for future analysis.
• Player modeling: AI-based models that react to player behavior and adapt the

player experience accordingly.
• Qualitative interviews and questionnaires: Surveys to assess the player’s per-

ception of various gameplay experience dimensions.

In this section, we focus primarily on some of the most common evaluation
techniques of physiological evaluation and player surveys. For more detailed
introductions to measuring player experience with physiological sensors, see Nacke
(2013, 2015).

9.5.1 Physiological Evaluation

In pursuit of increasingly complex and fulfilling player experiences, researchers and
designers have collaborated to create games that are capable of interfacing with
human physiology on an intuitively responsive level. Specifically, evaluation and
interaction frameworks are being investigated that enable direct communication
between computer systems and human physiology. Beyond the traditional appli-
cation of such technologies in the medical field, games researchers are finding that
the advanced technologies underlying these systems can be leveraged to create
player experiences that are more meaningful.

The measurement of physiological activity that is used for evaluating these
games is based mainly on sensors that are placed on the surface on the human skin
to make inferences about players’ cognitive or emotional states.

Most emotion theories distinguish between two basic concepts: Discrete states of
emotion (often referred to as basic emotions like surprise, fear, anger, disgust,
sadness, and happiness) or biphasic emotional dimensions (arousal and valence, but
the dimensions often differentiate between positive and negative, appetitive and

Fig. 9.3 Selected methods for the assessment of player experience
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aversive, or pleasant and unpleasant). For the physiological player experience
evaluation studies that are common in serious games, psychophysiological emo-
tions have to be understood as connected physiological and psychological affective
processes. An emotion in this context can be triggered by perception, imagination,
anticipation, or an action. In psychophysiological research, body signals are then
measured to understand what mental processes are connected to the responses from
our bodies with one of the following sensors.

Generally, we assume that physiological responses are unprompted and spon-
taneous. As such, it is quite difficult to fake these responses, which make physio-
logical measures more objective than, for example, behavioral gameplay metrics,
where a participant is able to fake doing an activity while cognitively engaging in
another. When using physiological sensors for evaluating player experiences, we
need to have a controlled experimental environment, because physiological data is
volatile, variable, and can be difficult to correctly interpret. For example, when
participants talk during an experiment, this might influence their heart rate or
respiration, resulting in altered physiological signals. As games user researchers, we
also have to understand the relationship between how our mind processes infor-
mation and the information responses that our body produces. The psychological
effect or mental process is not always in a direct relationship to the underlying brain
response. As such, we need to be aware that we cannot map physiological responses
directly to a discrete emotional state. However, we can make inferences about
emotional tendencies using physiological measures.

Unfiltered physiological signals measured from electrodes on the human skin are
not more than positive or negative electrical voltage (Nacke 2013). These signals
are generally characterized by their amplitude (the maximum voltage), latency (i.e.,
time from stimulus onset to occurrence of the physiological signal), and frequency
(i.e., the number of oscillations in a signal). Before the signals become useful for
analysis, they are usually processed and filtered. More intense experiences yield
more intense responses in the physiological signals. There are some minor differ-
ences between some of the major physiological signals.

Electroencephalography (EEG)

EEG is currently not yet a common measure to analyze player experiences, because
the brain wave activity that it records is hard to process and analyze. The resulting
data can be very insightful into the cognitive processes of players, but it might also
not be as actionable as other physiological data, because inferences depend largely
on the experimental setup. EEG analyzes responses from a human’s central nervous
system, but it is less complicated to set up and less invasive than other measures,
such as magnetic resonance imaging (MRI) or positron emission tomography
(PET) scans. The temporal resolution of EEG is rather high compared to other
techniques, which makes it especially useful for real-time feedback during game-
play. However, its spatial resolution is lower than other methods, resulting in low
signal-to-noise ratio and limited spatial sampling.
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Electromyography (EMG)

EMG sensors measure muscular activity on human tissue. This has many useful
applications, but the main area of interest for games user researchers is facial
muscle measurement. Our facial expressions are driven by muscle contractions and
relaxations, which produce differences in electrical activity on the skin or isometric
tension. This can then be measured by an EMG electrode. Our muscles contract, for
example, as a result of brain activity or other stimuli, which makes them a primary
indicator of peripheral nervous system activities. In game research, studies focus on
brow muscle (corrugator supercilii) to indicate negative emotion and on cheek
muscle (zygomaticus major) to indicate positive emotion (Hazlett 2006; Mandryk
and Atkins 2007; Nacke et al. 2010a, b; Nacke and Lindley 2010).

Electrodermal Activity (EDA)

In physiological player evaluation, EDA measures the passive electrical conduc-
tivity of the skin that is regulated via increases or decreases in sweat gland activity
(Nacke 2015). When a participant gets aroused by an external stimulus, their EDA
will increase. The fluctuations of EDA are indicative of the excitement a player
feels during gameplay. Often EDA is used to analyze the responses of players to
direct events during a game; however, when we analyze those events, the delay of
the signal has to be taken into account. So, studies often look at a 5–7 s window
after an event has occurred to see what the physiological response indicates.

Physiological measures are powerful tools for analyzing player experience, but
they are most useful when used in tandem with interviews or surveys to find out
more about the subjective reasons behind the body responses recorded.

9.5.2 Surveys

The assessment of player experience by means of post-play surveys or interviews is
the easiest and least expensive approach; however, it has some drawbacks. Since it
relies on a player’s memory, information may be lost in the delay between action
(gameplay) and recall (interview or questionnaire).

The Game Experience Questionnaire (GEQ) developed by the FUGA group
(Poels et al. 2008) consists of 36 items representing 7 scales: competence,
immersion, flow, tension, challenge, positive and negative affect. The authors also
offer shorter versions like the post-game experience questionnaire (PGQ; 17 items)
and the in-game experience questionnaire (iGEQ; 14 items).

The MEC spatial presence questionnaire (MEC-SPQ), by Vorderer et al. (2004),
consists of 103 items and nine scales that measure attention allocation, spatial
situation, spatial presence (in terms of self location and possible actions), higher
cognitive involvement, suspension of disbelief, domain specific interest, or the
visual spatial imagery.

The Spatial Presence Experience Scale (SPES), by Hartmann et al. (2015),
builds on the theoretical model of spatial presence (Wirth et al. 2007). It consists of
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20 items and two scales that measure self-location (i.e., the users’ feelings of “being
there”) and possible action (i.e., sense of being able to carry out actions and
manipulate them).

The Social Presence in Gaming Questionnaire (SPGQ), by de Kort et al. (2007),
is based in part on the Networked Minds Measure of Social Presence (Biocca et al.
2001). It consists of 21 items and three scales that measure psychological
involvement (empathy, psychological involvement), negative feelings, and behav-
ioral involvement.

The Game Engagement Questionnaire (GEnQ), by Brockmyer et al. (2009),
serves as an indicator of game engagement. The questionnaire identifies the players’
level of psychological engagement when playing video games, assuming that more
engagement could lead to a greater impact on game playing. It consists of 19 items
that measure absorption, flow, presence, and immersion.

The EGameFlow, by Fu et al. (2009), measures the learner’s cognition of
enjoyment during the playing of e-learning games. It consists of 56 items and eight
scales that measure concentration, goal clarity, feedback, challenge, autonomy,
immersion, social interaction, and knowledge improvement.

The Core Elements of the Gaming Experience Questionnaire (CEGEQ), by
Calvillo-Gámez et al. (2010), is used to assess the core elements of the gaming
experience. It builds on the CEGE model described before and consists of 38 items
and 10 scales that measure enjoyment, frustration, CEGE, puppetry, video-game,
control, facilitators, ownership, gameplay, and environment.

Wourters et al. (2011) developed a questionnaire to measure perceived curiosity
of players regarding serious games. The questionnaire contains seven items. The
items were used as a single index for curiosity.

The extended Short Feedback Questionnaire (eSFQ), by Moser et al. (2012), is
used to assess the player experience of children aged 10–14 years. It consists of
different parts to quickly measure the enjoyment, curiosity, and co-experience.

9.6 Fostering Player Experience

The previous sections articulated various ways on how to understand and examine
player experience. This allows serious game creators to obtain insights into their
game design; for example, a serious game designer might have created a game and
consequently measured the player experience, gaining a better understanding of the
overall product. However, she/he might then realize that the game does not achieve
its objectives, i.e., it does not facilitate the desired player experience. The question
is then, what does the serious game creator do?

One approach is to redesign the game, hoping that the measurements improve in
a subsequent evaluation. However, such a redesign does not need to start from
scratch. Like with the creation of the original design, there are several ways
available to designers that can guide the design process to facilitate the desired
player experience. For example, designers interested in facilitating a desired player
experience can:
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• learn from prior games. Game creators can look at (and play) other games and
learn from bad as well as good examples.

• read post mortems as often published by game studios in industry publications,
learn from them, and use them to inspire a (re)design.

• examine academic papers from serious game projects in a university or research
organization setting. These academic papers often describe detailed learnings
when it comes to fostering player experience and what the authors would do
differently in future game designs.

• learn from books on game design.

Examining such guidance is worthwhile in the design and any redesign of a
game. Furthermore, this guidance is applicable to both entertainment and serious
games. It is important here that to address the serious component, game creators can
look at specific guidance to complement the items detailed above. With the
advancement of serious games, there will be more specific serious games guidance
emerging to foster player experience. For now, however, we provide a couple of
examples that aim to foster desired player experiences for specific serious game
scenarios.

Fostering Player Experience: Example 1

Creators of serious games that aim to foster a desired player experience in
movement-based games (for example, to facilitate positive health benefits) can look
at the movement-based game guidelines developed by Isbister and Mueller (2014).
These movement-based game guidelines emerged out of game design practice and
research, and were developed with the help of industry game designers and user
experience experts that were involved in some of the most popular commercial
movement-based games to date—such as Dance Central, Your Shape and Sony’s
Eyetoy games.

The movement-based game guidelines are articulated in detail here, along with a
website (http://movementgameguidelines.org/), and include examples and expla-
nations. In this section, we highlight the key overarching points in order to inspire
the reader to examine the guidelines further through these external references when
needed.

The movement-based game guidelines are aimed to support creators of games
where movement is at the forefront of the player experience. These games have
been made popular by game consoles and movement-focused accessories such as
the Nintendo Wii, Microsoft Xbox Kinect and Sony Playstation Move, however,
they also apply to mobile phone developments that make use of sensing equipment
that can detect movement or other technological advancements that enable
movement-based games.

The guidelines are articulated in the form of heuristics, i.e., they are not required
“must-dos,” but rather guidance that designers should know about. As such,
designers can break these rules; but first, they need to know the rules before they
can break them.
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The movement-based game guidelines can be grouped into these three
categories:

• Movement requires special feedback
• Movement leads to bodily challenges
• Movement emphasizes certain kinds of fun

Each category has 3–4 specific guidelines:

Movement requires special feedback

• Embrace ambiguity
• Celebrate movement articulation
• Consider movement’s cognitive load
• Focus on the body

Movement leads to bodily challenges

• Intend fatigue
• Exploit risk
• Map imaginatively

Movement emphasizes certain kinds of fun

• Highlight rhythm
• Support self-expression
• Facilitate social fun

To provide an example of the guidelines, we explain the first one, embrace
ambiguity, in more detail. “Embrace ambiguity” suggests that “instead offighting the
ambiguity of movement, embrace it.” Ambiguity in movement-based games arises
from the fact that (a) no two movements are the same and (b) most sensor data is
messy. Therefore, trying to force any precision might only frustrate the player and
make the sensor limitations obvious in an un-engaging way. Therefore, the guideline
suggests that instead of trying to eliminate the ambiguity, to work with it in a way so
players can enjoy the uncertainty and figure out optimal strategies to cope with it.

The guideline also provides do’s and don’ts; here, it proposes a very practical
don’t for the development process: don’t use buttons during the early development
phase (even if it seems easier), as the designer might miss opportunities that might
arise from dealing with ambiguity (Mueller and Isbister 2014).

Fostering Player Experience: Example 2

Another example of guidance for facilitating a certain player experience is the work
on applying game design knowledge to the creation of more playful jogging
experiences. The work draws from the “non-serious” knowledge on designing
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games as articulated in the game design workshop book by Fullerton et al. (2004)
and examined how it could be applied to the design of games that are situated in a
jogging context. The authors draw on their prior experiences of designing jogging
systems that aim to rekindle the playful aspect in jogging, and adopt the game
design guidance to make it applicable to the design of such jogging systems.

The original game design workshop book proposes that game designers need to
consider two key aspects (there are more, but we focus on these for now) in every
game: formal elements and dramatic elements. Formal elements provide the
underlying structure of the game (considering aspects such as objectives, rules, and
outcomes) whereas dramatic elements are concerned with the visceral excitement
that unfolds throughout the player experience. When applied to jogging, the authors
describe how a look at formal elements can describe the “usability” tools in the
designer’s toolkit, whereas the dramatic elements make the “aesthetics” of jogging,
describing the experiential tools in the designer’s toolkit. These dramatic elements
are important, as they allow the creator of the serious game to see the jog beyond a
series of strides towards gaining a view on the overall physical activity experience.

Some examples of formal elements are: “the social jogger,” which asks “who is
involved in the jog?” and “the joggers’ objective” that examines “what is the jogger
striving for?” The “jogger’s conflict” asks “what is in the jogger’s way?” while “the
jogger’s resources” asks “what assets can the jogger use to accomplish the
objective?”

Some examples of the dramatic elements are: “the premise of the jog” asks “how
to support the setting of the jog” “the jogger’s character” asks “who is the jogger?”
and “the story of the jog” examines “how to support the jog as a narrative?”

By considering both the formal and dramatic elements, creators will be guided in
their endeavor to facilitate the player experience they are striving for in their design.

Fostering Player Experience: Example 3

Another example of how to foster player experience in serious games is through
considering the game features Reeves and Read (2013) articulate in their book
“Total Engagement: How Games and Virtual Worlds are Changing the Way People
Work and Businesses Compete.” In this book, the authors propose that companies
can draw on games to advance their business, a typical scenario for serious games.
In order to guide the creators of such games, they list “ten ingredients of great
games” and articulate why they are particularly important for businesses. These ten
game features “to guide real work” are:

• Self-representation with avatars
• Three-dimensional environments
• Narrative context
• Feedback
• Reputations, Ranks, and Levels
• Marketplaces and Economies
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• Competition under rules that are explicit and enforced
• Teams
• Parallel communication systems that can be easily reconfigured
• Time pressure

Each of these game features has a specific set of aspects to consider; for
example, “Three-dimensional environments” are described further with the fol-
lowing aspects:

• Virtual space works like real space: No instruction necessary
• Three-dimensional space helps you remember where stuff is
• Special properties of virtual space (referring to the ability to go beyond copying

the real world)
• Opportunities to explore
• The use of three-dimensional space can organize and inspire work

Overall, it should be noted that these features as well as their associated aspects
are no guarantee for an engaging player experience. As Reeves and Read point out,
they can guide creators of serious games based on the author’s knowledge and as
suggested by prior research. However, they might not work in other, novel settings
and contexts. Nevertheless, they provide a good starting point for creators of serious
games when considering player experience.

Furthermore, it should be noted that not all of the features need to be present
together, they can be considered individually and independently. The same applies
to the suggested features and proposed guidelines described in the other examples:
They are no guarantee for success. However, their articulation based on existing
practice suggests that they can aid creators of serious games to facilitate the desired
player experience.

9.7 Summary and Questions

Research on user experience as well as player experience has turned from usability
and playability to the person of the user or player, respectively. Player experience is
located at three interacting levels: the (socio-)psychological, behavioral, and
physiological level. Player experience as an individual experience goes beyond
playability and game usability. Psychological responses comprise cognitive, per-
ceptual and emotional experiences like immersion, flow, challenge, curiosity, ten-
sion, positive and negative affects. Playing behavior includes all possible actions in
and interactions with the game. Physiological responses range from peripheral
reactions like changes in EDA and EMG to central reactions like EEG changes.
Whereas psychological models of player experience focus on the multi-dimensional
structure of individual player experience, integrative models address the holistic and
interdisciplinary structure of player experience integrating the findings of numerous
scientific disciplines, e.g., (neuro-)physiology, psychology, and sociology. The
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most useful for a shared understanding of PE is, therefore, to think about how these
terms can provide a useful vocabulary for GUR when trying to improve video game
design. This remains challenging as new models of PE are being developed and
tested.

Guidelines and recommendations to foster player experience can be either
derived from theory or from practice.

Check your understanding of this chapter by answering the following questions:

• What is the difference between usability and user experience?
• What is the difference between game usability, playability, and player

experience?
• How can player experience be measured at the psychological, behavioral, and

physiological level?
• What are the advantages and disadvantages of physiological compared to psy-

chological measures of player experience?
• What are the advantages and disadvantages of psychological models of player

experience?
• What are the basic assumptions of the following models: Self-determination

theory (SDT), Attention, relevance, confidence, satisfaction (ARCS), Flow,
GameFlow, Presence and immersion, Fun of gaming (FUGA), Core elements of
game experience (CEGE), and PLAY heuristics?

• What are the characteristics of player experience?
• What are the added values of holistic models of player experience?
• What are the basic assumptions of the following models: ISCAL model,

Dual-flow model (DFM), Four-lens model (4LM), Play Patterns And eXperi-
ence (PPAX) framework?

• How can player experience be fostered?
• What are the sources for guidelines to foster player experience?

Recommended Literature1

Bernhaupt R (ed) (2010) Evaluating user experience in games – Concepts and methods. Springer,
London—This book addresses both game researchers and developers. The book provides an
overview of methods for evaluating and assessing player experience before, during, and after
playing games

1Issues of player experience are addressed at many conferences, ranging from the Games and
Serious Games conferences mentioned in Chap. 1 to more specific conferences on usability, user
experience, computer-human interaction (CHI) etc. Papers concerning player experience can be
found in journals addressing human-computer interaction (e.g., Interacting with computers,
Computers in Human Behavior, and International Journal of Human-Computer Studies), as well as
journals specifically addressing games and serious games (e.g., Journal of gaming and virtual
worlds).
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Bernhaupt R (ed) (2015) Game user experience evaluation. Springer International Publishing,
Cham—This book is an update of the previously mentioned edition. Current developments in
the assessment and evaluation of player experience are covered

Fairclough SH (2009) Fundamentals of physiological computing. Interact Comput 21(1–2):
133–145—This article gives a comprehensive overview of psychophysiological methods used
for assessment of the current state of users and players, as well as their integration into
adaptive systems. In addition, selected ethical issues are addressed

Kivikangas JM, Chanel G, Cowley B, Ekman I, Salminen M, Järvelä S, Ravaja N (2011) A review
of the use of psychophysiological methods in game research. JGVW 3(3):181–199—This
article gives a comprehensive overview of the psychophysiological measures typically used in
game research. It also provides valuable information about the theories behind psychophys-
iological measurement

Mäyrä F (2008) An introduction to game studies. SAGE Publications, London—This textbook
introduces students to the research field of studying games. The book delivers historical facts
about (digital) games as well as basic knowledge concerning research methods for game studies

Nacke LE (2009) Affective ludology: Scientific measurement of user experience in interactive
entertainment. Blekinge Institute of Technology, Doctoral Dissertation Series No. 2009:04—
This dissertation is a comprehensive example of how the player experience can be investigated
in practice. Various methods are thoroughly discussed concerning their research quality and
systematically applied to selected research issues
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10Performance Assessment in Serious
Games

Josef Wiemeyer, Michael Kickmeier-Rust
and Christina M. Steiner

Abstract
In every digital game, players both act in and interact with the game. They use the
options of game mechanics to achieve goals. For example, players move a
controller to steer the motions of an avatar, or they press buttons to trigger certain
actions. These actions and interactions lead to certain results like a successful
finish of a quest, solving a problem, or increasing a score. Both the quality and
results of actions and interactions are subsumed under the term performance.
Assessment of player performance is required for several purposes, for example
for in-game or online adaptation and for offline evaluation. This chapter addresses
the issue of performance assessment in serious games. Performance is a complex
concept comprising results and processes of actions and interactions of the
players in and with the game. First, generic and domain-specific models of
performance are introduced to illustrate the variety of approaches. Based on this
knowledge, online and offline assessments of performance are discussed. Finally,
the integration of online and offline performance assessment into the process of
game adaptation is described.

10.1 Introduction

Imagine playing an educational serious game in physics where you try to solve
tasks according to various quests. You take action and realize that you are unable to
solve the tasks. Even worse, you do not get any hints or instructions to guide you to
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the solution. As a consequence, you feel angry or even disappointed. Further,
imagine making progress in the game (after spending a long, hard time gaming).
With increasing expertise, the tasks offered by the game may become very easy to
solve. Therefore, you get increasingly bored. Obviously, the game does not offer
tasks that are balanced enough—in the sense of establishing optimal difficulty
according to your current competence and mood state—to challenge you. The game
could have done much better if your current performance had been assessed con-
tinuously in order to use this information for appropriate adaptation and person-
alization. Perhaps the game would have realized your specific problem with a
missing competence component, e.g., lacking knowledge about refraction. Fur-
thermore, the game could have also determined your personal learning styles or
preferences, and adapted the offered information accordingly.

Performance assessment in serious games is important for several reasons (see
also Bellotti et al. 2013). First, as illustrated by the previous example, to maintain
player experience and keep the players within the corridor of game flow the game
has to be adaptive considering the current performance of the player. Second, to
deliver feedback in the form of instructions, hints, score or awards the current
performance of the player needs to be assessed. Third, to improve the game,
information concerning the performance of all players is required, either for for-
mative or summative evaluation. Fourth, summative evaluation is also required to
deliver evidence for the effectivity and efficiency of the final version of the game.

Evaluation of serious games can be formative or summative. Formative
evaluation is used during development and aims at testing and improving the
serious game or parts of the game iteratively to eliminate all the weaknesses
before finishing and releasing. Summative evaluation is the evaluation of the
final serious game and aims at testing the end product according to certain
guidelines, principles or standards.

To serve the above-mentioned goals, performance assessment has to be per-
formed either online, i.e., during gameplay (“in-game” or “stealth”), or offline, i.e.,
after having finished playing the game (Ifenthaler et al. 2012a, b).

In this chapter, the issue of performance assessment in games is addressed. First,
concepts and measures of game performance are introduced. Based on these con-
ceptual fundamentals, advantages and challenges of online and offline assessment
will be addressed. Finally, the relation of game assessment and game adaptation is
discussed.
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10.2 Performance in Games—Concepts and Measures

Performance in games is a complex concept. First, performance is always a process
that evolves over time. For example, solving a problem may start with facing a
problem, followed by thinking of possible solutions, and finally choosing and
realizing one solution deemed appropriate. Second, performance brings forth
observable or measurable results. Performance results or outcomes are specific to
the particular application domain. Therefore, performance can mean solved tasks,
change of health-related behavior or knowledge, awarded scores, knowledge gains,
improved perceptual or motor skills or abilities, changed attitudes, etc. Whereas
performance outcomes can be measured or observed easily, the processes lying
behind these outcomes are often not as easily measurable or observable. For
example, the correct or incorrect solution of a game task can be easily measured.
However, the reasons for success or failure are not that obvious. In case of failure,
the player may not have been motivated, or she may lack knowledge required to
solve the task. Another possible reason may be that knowledge existed, but
appropriate hints were missing to activate this knowledge. A further reason could be
that the player was inattentive. Therefore, there are several possible reasons for a
particular performance outcome. As a consequence, serious games require an
explicit definition of performance to ensure appropriate assessment of both results
and process of performance.

Performance in games comprises both the processes and the results of actions
and interactions of the player(s) in the game. Equal performance results can
be established by different processes. Different levels, components, and stages
of performance can be distinguished. Performance measures are specific to
the domain of application.

In general, human performance is organized on different levels. First, perfor-
mance is observable or measurable at the social, behavioral and physiological level.
Second, psychological processes like perception and cognition, as well as moti-
vation, emotion, and volition, play an important role in the control of human
performance; unfortunately, psychological processes are not available for direct
measurements in the strict sense. However, they can be either inferred from
behavioral and physiological data or assessed by asking the players to report (see
also Chap. 9).

There are numerous models that attempt to identify the building blocks of human
performance. One type of models addresses the structure of movements as
spatio-temporal or neurophysiological phenomena, whereas other models analyze the
structure of actions as goal-directed, and intentionally organized human-environment
interactions including cognitive, motivational, emotional, and volitional processes
(see Fig. 10.1). The structure of movement is usually analyzed by means of methods
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used in natural sciences like mathematics, physics, and biology. The structure of
action is usually analyzed by psychology.

Human performance can be considered as movement or action. The term
movementdenotes the spatio-temporal andneurophysiological aspects of human-
environment interactions, whereas action denotes the socio-psychological aspect
of goal-directed and intentionally organized human-environment interactions,
including cognition, motivation, emotion, and volition.

According to models of movement structure, game movements can be divided
into different components, e.g., preparatory, main and end phase, supportive or
main functional phases, or action-effect relations (e.g., Wiemeyer 2003). These
concepts are very important for exergames, where complex movements have to be
learned. For example, for an evaluation and correction of errors it is important to
know which error is most important and how errors are associated and interrelated.
An error in movement preparation may lead to a subsequent error in the main phase
that can easily be corrected when addressing the preparation error.

The neurophysiological aspects of movements comprise neural functions of the
central nervous systems, particularly of the brain and spinal cord. Specific parts of
the brain are responsible for controlling movement and action, e.g., the primary
sensory and motor cortex, the supplementary and premotor cortex, the basal gan-
glia, and the cerebellum. In the spinal cord, several sensory-motor reflexes are
organized (e.g., Houk and Wise 1995; Buschman and Miller 2014).

Psychological models of performance structure can be divided into general and
domain-specific models. Another distinction is made between stage or process
models and continuous models (e.g., Schwarzer 2008). Whereas stage models
distinguish different phases of human performance regarding long-term or

Fig. 10.1 Approaches to the structure of human performance
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short-term control, continuous models distinguish different components of human
performance, irrespective of stages. An example of a long-term stage model popular
in health sciences is the transtheoretic model proposed by Prochaska et al. (2008).
This model distinguishes six stages in the process of behavioral change: precon-
templation, contemplation, preparation, action, maintenance, and termination. An
example of a short-term stage model is the Rubicon model by Heckhausen (1991).
This model tries to integrate motivational and volitional components in the
preparation, initiation, maintenance, and evaluation of actions. Thus, stage models
contribute to the understanding of the whole health process. They explain what
happens in the respective phases and how phase transitions are established.

Examples of continuous models are the theory of planned behavior (TPB; Ajzen
1991), the self-determination theory (SDT; Ryan and Deci 2000), the
social-cognitive theory (SCT; Bandura 1991), and behavioristic models, e.g.,
operant conditioning (OC; Abraham and Michie 2008; Lieberman 2001; Michie
et al. 2011). Whereas the TPB emphasizes the influence of attitudes, subjective
norms, self-efficacy, and perceived behavioral control on human intentions and
behavior, SDT explains that human intrinsic motivation is substantially influenced
by the human need for autonomy, competence, and social relatedness. Social
relatedness is also addressed by SCT, which emphasizes the significance of role
models for human behavior. Finally, OC stresses the importance of reinforcements
and rewards for human behavior.

There are also attempts at integrating stages and components. A well-known
example in the health domain is the health-action process approach (HAPA) by
Schwarzer (2008). In this model, direct and indirect effects of outcome expectan-
cies, risk perception and different forms of self-efficacy (i.e., concerning the initi-
ation, maintenance, and recovery of actions) on intending, planning, and
performing actions are described.

Another important type of general psychological models of human performance
is proposed by action theory (e.g., Schack and Hackfort 2007). On the one hand,
these models claim to be interdisciplinary in the sense that they try to integrate the
above-mentioned monodisciplinary perspectives on human performance. For
example, these models address social, physical, and psychological systems (re-
spective levels) of human performance. On the other hand, human performance is
analyzed based on both stage and continuous models. The basic stage model dis-
tinguishes three main stages of human performance: preparation or anticipation
(including planning and calculation), realization (including processing and tuning),
and interpretation (including evaluation and controlling). The cyclic nature of
human action is illustrated in Fig. 10.2. The continuous model identifies three main
constraints of action: Person, task and environment. This means: When an action is
performed, there is a complex interaction of person, task, and environment. For
example, if a person has to solve a task, the relations of the properties of the task
(e.g., complexity), the person (e.g., competencies and motivation) and the envi-
ronment (e.g., supportive vs. hostile) determine whether the attempt is successful or
not. In case of failure, a person’s competencies may not have been sufficient, the
task was too difficult for the person, or the environment did not support (or even
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impeded) a successful solution. The correct evaluation of these complex interac-
tions is an important prerequisite of adequate adaptation in serious games.

Human performance can be generally analyzed from different perspectives
(Fig. 10.1). On the one hand, natural sciences primarily analyze the structure
of movements, whereas psychology analyzes the structure of actions. On the
other hand, psychological models distinguish between general and domain-
specific models as well as stage and continuous models of action.

Beyond generic aspects of human performance, every application field of serious
games, every characterizing goal has its specific characteristics. Therefore, either
the generic models mentioned above are adapted to the respective field, or new
domain-specific performance models are developed. Taking the example of serious
games for health: When the objective of the serious game is to change
health-related behavior—for example, to stop or reduce smoking, to reorganize
nutrition, to perform safer sexual practices or to increase habitual physical
activity—the above-mentioned behavioral models are applied to derive game
interventions (e.g., Lieberman 2001). Furthermore, in the area of health, numerous
models have been developed addressing human behavior in particular. Examples
are the Health Belief Model (HBM; Becker et al. 1977), the Health Action Process
Approach (HAPA; Schwarzer 2008), and models explaining sustainable adherence
to regular exercising (SARE; Wagner 2000; Fuchs et al. 2011; Williams and French
2011). Whereas the HBM explains the influences of individual cognition and
motivation and modifying factors (i.e., demographic and sociopsychological vari-
ables) on the probability to initiate and maintain health-related actions, the HAPA
model described above also considers intentions and planning activities. SARE

Fig. 10.2 Cyclic organization of human actions
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models differentiate cognitive, motivational, and volitional variables influencing
human intentions and behavior in early and late(r) stages of health activities. From
these models, specific concepts can be derived for online (ingame) and offline
assessment, for example subjective perceptions of benefits, risks, and barriers
regarding health and health-related behavior, self-efficacy, or social support by
friends, other players, or relatives.

For the domain of learning, education, and training: Generic learning approaches
like behavioristic, cognitive, or constructivistic models are relevant for assessment (for
a review, see Kearsley 1993). An interesting approach that has been successfully
integrated into educational games is the theory of micro-adaptability (Kickmeier-Rust
and Albert 2010, 2012a, b). This approach is based on competence-based knowledge
space theory (CbKST); this approach separates observable behavior from
non-observable constructs, i.e., skills or competencies. This approach will be
addressed later in this chapter.

An important model for assessment in exergames and exertion games is the
structural model of sport performance. This model is illustrated in Fig. 10.3.

Figure10.3 shows that sport performance has several components. The components
that can be addressed by exergames aremainly coordination (specific skills and general
abilities), condition (endurance, strength, speed, and flexibility), as well as psycho-
logical and tactical competencies. Endurance regards cardiovascular fitness. Examples
of coordinative abilities are balance, sensory differentiation, and spatial orientation.

Assessment in serious games has to consider the particular genre or field of
application. Therefore, either generic models are adapted to the respective
field or domain-specific models are used. From these models, measures can
be derived for direct or indirect online and offline assessment.

Fig. 10.3 Structure of sport performance
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On the one hand, performance measures are very specific to the domain of the
respective serious game. On the other hand, there are also generic performance
measures.

At the spatio-temporal level the following measures can be assessed by means of
biomechanical measurements (Fig. 10.4; e.g., Hay 1985; Bartlett 2007):

• Kinematic measures: trajectory or displacement, velocity, acceleration, joint
angles, angular velocity, angular acceleration

• Kinetic measures: torque, angular momentum, force, work, power, and energy
• Electrophysiological measures: Electromyogram (EMG)

At the (neuro-)physiological level there are numerous measures located at the
central or peripheral level (Fig. 10.5; Kivikangas et al. 2011; Bellotti et al. 2013):

• Brain activation: Electroencephalogram (EEG), Electrocorticogram (ECoG),
Magnetoencephalogram (MEG), functional magnetic resonance imaging (fMRI)

• Cardiovascular system: electro-cardiogram (ECG), heart rate (HR), heart rate
variability (HRV), blood pressure (BP)

• Respiratory system: breathing rate, inspiratory volume, oxygen uptake, venti-
latory thresholds (VT1, VT2), respiratory exchange ratio (RER)

• Skin: electrodermal activity (EDA), skin conductance response (SCR), skin
conductance level (SCL)

• Visual system: pupil diameter, pupil response

Fig. 10.4 Biomechanical analysis of human movements
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At the socio-psychological level, observable relations and interactions between
people can be categorized, like making contact, withdrawing from contacts,
cooperation, or conflicts, as well as communication behavior.

Specific performance measures pertain to the respective domain of the serious
game. In Table 10.1, selected performance measures of selected domains of serious
games are illustrated.

Fig. 10.5 (Neuro-)physiological measure of human performance

Table 10.1 Examples of domain-specific performance measures

Domain Measures (examples)

Educational games knowledge, attitude, skill level

Games for Health knowledge, health-enhancing physical activity (HEPA),
health-related behavior, health outcomes, attitude, fitness level

Reha(b)games activities of daily living (ADL), various clinical scales and scores

Sport games skill level, ability level, knowledge, sport performance

Advergames knowledge, attitude, purchase

Persuasive games persuasion, knowledge, attitude

Simulation and training
games

“real world” behavior (transfer), strategic knowledge
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In educational games, the educational impact is most important. Depending on
the particular educational goal, performance can be measured by the application of
knowledge or skill tests. Another commonly used method is attitude questionnaires.

In games for health, the most important performance measure is the specific
impact on the respective health indicator. For example, in cardiovascular diseases
(CVD), the relevant measures are heart rate, oxygen uptake, blood pressure, res-
piratory parameters, blood parameters, and energy expenditure. In addition, specific
risk and protection factors are also important performance indicators. For CVD,
these factors comprise adequate level of regular physical activity, smoking, and
nutrition. In the area of health, often a distinction is made between primary and
secondary outcomes.

The field of reha(b)games shows a considerable variety. According to the
International Classification of Diseases (ICD-10; WHO 1992), numerous diseases
can affect specific anatomical regions or functions of the human body. Therefore,
the primary performance measures are specific to the particular disease. As already
mentioned with games for health, primary and secondary risk and protection factors
can be measured, as well as the components of health, according to the definition of
the WHO.

Due to the variety of sports, sport games also comprise numerous relevant
measures. Considering the performance model illustrated in Fig. 10.3, numerous
measures of conditioning and coordination can be distinguished.

Advergames aim at advertising a product or a company. Therefore, all aspects
relevant to product or company marketing are candidates for measures. Of course,
the most important measure is purchases of the product. Secondary performance
measures are publicity, knowledge of, and attitude towards the product or company.

Persuasive games aim primarily at changing attitudes and subsequently
behavior. Persuasive games can address many application fields like politics, his-
tory, social sciences, and life sciences. Beyond attitude and behavior, knowledge
measures are also often applied.

Simulation and training games aim at managing a particular situation or task
under time pressure. Therefore, the most important performance measure is the
successful transfer to real-world behavior. Often, specific declarative and strategic
knowledge is required for and acquired in simulation and training games, e.g.,
if-then rules for decisions.

For the adequate choice of a relevant performance measure, there is no “one
size fits all” solution. Rather, either specific measures exist for particular
groups—e.g., children versus adults, or healthy versus ill people—or generic
measures are used, e.g., mood or motivation questionnaires. In addition, in
many application domains there is no common agreement on a “gold stan-
dard.” Therefore, choosing the correct measure is not at all trivial.
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10.3 Online Assessment

Online assessment refers to the idea to ground assessment on the data that can be
pulled out of games, primarily the log file data. The analysis of such data, however, is
not trivial. Basically, there are two challenges that must be addressed. On the one
hand, there is the problem that a large amount of information coming from the game—
such as movements, actions, interactions with the game world and perhaps with other
players—must be analyzed in real time (cf. Koidl et al. 2010). On the other hand, there
is the perhaps even more difficult challenge to interpret the data in a valid and relevant
way. There have been various attempts to draw specific conclusions about motivation,
or sentiment, however, the results of research are unclear, and concrete applications
are still sparse (Mattheiss et al. 2010).

The main focus of online assessment in the educational community is on
learning performance. This naturally leads to the concepts of Learning Analytics
(LA) (e.g., Ferguson 2012; Siemens 2012) and Educational Data Mining (EDM;
EDM 2015). The concepts are paired with a real-time analysis of data coming from
games. The main idea is to interpret the assessment results, which often have
limited utility in an educational sense, in a formatively-inspired way. This means
that the aim is to make the step from diagnosing to finding the right treatment. All
this is closely related to the notion of intelligent tutorial technologies that, in turn,
rely on robust assessment.

EDM has been defined as “an emerging discipline, concerned with developing
methods for exploring the unique types of data that come from educational settings,
and using those methods to better understand students and the settings which they
learn in” (International Society of EDM, EDM 2015).

Baker and Yacef (2009) provided an extensive overview of EDM applications,
developments, and definitions. EDM originates from many research areas, such as
statistics, data mining, machine learning, visualization, and computational model-
ing, and aims to automatically discover patterns and models in huge and growing
datasets. While in the beginnings of EDM, most data were retrieved from experi-
mental learning sets that did not last longer than a few weeks. Today, such data are
often tracked over the duration of an entire course and can last up to one year of
studying. Collected data are further analyzed to gain valuable insights into learning
processes. With these enormous amounts of data, new challenges arise, especially
with regard to visualizing and modelling the information to make it readable and
interpretable for human stakeholders.

While EDM aims to discover patterns and models in scaled data, learning
analytics take into account the needs of different educational stakeholders and the
strength of their judgement, in addition to computational measurements.
Although EDM and LA focus on slightly different areas, they have similar goals
that relate to improving educational technology and evaluating pedagogically sound
instructional designs (Ferguson and Shum 2012). In particular, LA emphasizes
supporting pedagogical approaches by providing assistance to teachers with prac-
tical issues (e.g., the quality of the learning material or the engagement of students
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in specific exercises). Data gained by LA tools can be used to evaluate
pedagogically-sound instructional designs in classroom settings. In most cases, this
mainly involves monitoring learner actions, and interactions with learning tools and
learning peers (Lockyer and Dawson 2011). Many attempts have been made of
visualizing such learning traces either to make significant relationships explicit or to
allow stakeholders to discover such relationships independently. Research on using
dashboards in LAs was performed for example by Duval (2011). These dashboards
are graphical representations of activities and performance data of learners. As
known in other domains (e.g., sports), visualization of collected interaction training
data and their comparison with data of like-minded peers may not only provide
insights into poor and good practices, but also increase motivation due to the
playful introduction of competitiveness.

Chatti et al. (2012) presented a reference model for LA in which they distin-
guished four main dimensions:

• Who?—Stakeholders: This dimension refers to the people targeted by the
analysis.

• Why?—Objectives: This dimension refers to the motivation for or goals of doing
the analysis.

• What? - Data and environment: This dimension refers to the kind of data that is
gathered, managed and used for analysis.

• How?—Methods: This dimension relates to the techniques and tools used for
performing the analysis of collected data.

In addition to these main dimensions for the domain and application of LA,
Greller and Drachlser (2012) identified two additional dimensions in their approach
of defining a generic framework for LA:

• External limitations: This dimension refers to conventions (ethics, personal
privacy, socially motivated limitations) and norms (legal and organisational
constraints).

• Internal limitations: This dimension refers to relevant human factors, like
competence (e.g., interpretation, critical thinking) and acceptance that may
conflict with or complicate LA.

In principle, the objectives for using LA are in line with the different views of its
stakeholder groups. Chatti et al. (2012) identified the following main objectives;
these certainly have overlaps, and usually a specific application of LA will serve
several of them (see Fig. 10.6).

• Monitoring and analysis: tracking and checking the learning process, which is
then used by teachers or educational institutions as a basis for taking decisions,
e.g., on future steps, the design of new learning activities, improving the
learning environment.
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• Prediction and intervention: estimating learners’ future knowledge or perfor-
mance in terms of finding early indicators for learning success, failure, and
potential dropouts, to be able to offer proactive interventions and support for
learners in need of assistance.

• Tutoring and mentoring: helping learners with and in their whole learning
process, or in the context of specific learning tasks or a course, providing
guidance and advice.

• Assessment and feedback: supporting formative and summative (self) assess-
ment of the learning process, examining efficiency and effectiveness of learning,
and providing meaningful feedback of results to teachers and learners.

• Adaptation: Finding out what a learner should do or learn next and tailoring
learning content, activities, or sequences to the individual. This idea of carefully
calculated adjustments corresponds to the central aim and component of adap-
tive learning environments and intelligent tutoring systems.

• Personalization and recommendation: Helping learners to decide their own
learning and learning environment, and what to do next by providing recom-
mendations while leaving the control to the learner.

• Reflection: Prompting and increasing reflection or self-reflection on the teaching
and learning process, learning progress and achievements made; providing

Fig. 10.6 Objectives of learning analytics
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comparison with past experiences or achievements between learners, across
classes, etc.

The methods applied in LA consider methods from data mining and analytics in
general, as well as psychometrics and educational measurement as the main sources
of inspiration, which fall into five main classes (see Fig. 10.7): prediction methods,
structure discovery, relationship mining, discovery with models, and distillation of
data for human judgment (Baker and Inventado 2014; Adomavicius and Tuzhilin
2005).

• Prediction methods: These are the most popular methods in EDM. They
essentially aim at developing a model to predict or infer a certain variable (e.g.,
mark, performance score) from a combination of other indicators of the edu-
cational data set. Common prediction methods are classification (for prediction
of binary or categorical variables), regression (for prediction of continuous
variables), and latent knowledge estimation (assessing learner knowledge or
skills).

• Structure discovery: Algorithms of structure discovery aim at detecting structure
in educational data without an a priori assumption of what should be found (in
contrast to prediction methods, where the predicted/dependent variable is
known). Methods of this type are clustering (splitting data sets into clusters),
factor analysis (finding dimensions of variables grouped together), and domain
structure discovery (deriving the structure of knowledge in an educational
domain).

• Social network analysis (SNA) is another method from this class, which is quite
popular in LA (Siemens 2012). It allows one to analyze relationships and
interactions between learners in terms of collaboration and communication
activities, information exchange, etc. SNA uncovers the patterns and structure of
interaction and connectivity, which can then be visually illustrated and provide
the possibility of quantification (e.g., via centrality measures), to identify
learners that are very important, represent “hubs,” or are in isolation (Romero
2010).

• Relationship mining: The aim of this group of methods is to find out relation-
ships between variables, and how strong those relationships are. Concrete

Fig. 10.7 Methods of learning analytics and educational data mining
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methods are association rule mining (finding if-then rules), correlation mining
(finding positive or negative linear correlations), sequential pattern mining
(finding temporal associations between events), and causal data mining (finding
out whether one observation is the cause of another).

• Discovery with models: This class does not denote a specific group of techniques
but refers to the general approach of using the results of one analytics method
within another analysis. A popular way of doing this is, for instance, to use a
prediction model within another prediction model; however, there are a variety
of other ways for conducting discovery with models.

• Distillation of data for human judgment: This is an approach quite common in
LA, in a narrower sense, but not considered as a method of EDM, since it
consists in providing teachers immediate access to reports and visualisations of
the learner data for their interpretation, judgement and to support decision
making and pedagogical action. Examples are learning curves or heat maps
(Homer 2013; Baker et al. 2007).

Typically, LA is used to support teachers and instructors with deeper insights
into learning processes. Games may serve as an ideal data source for LA. A crucial
question is how to harness and make sense of this data in an effective and efficient
manner. LA is currently in the process of initiating the elaboration of analytics that
can be used for serious games. By using and combining ideas from gaming ana-
lytics, web analytics, and learning analytics, it is possible to establish meaningful
analytics on data from games for educational purposes.

A great challenge with learning analytics in educational games is the wide
variety of different games available, which complicates the development of ana-
lytics tools that are applicable to all games. To overcome this, Serrano-Laguna et al.
(2012) propose a two-step generic approach to apply learning analytics in educa-
tional games, which is applicable to any kind of game. First, generic traces are
gathered from gameplay, including game traces (start, end, and quit), phase changes
(game chapters), input traces like mouse movements or clicks, and other mean-
ingful variables like attempts or scores (depending on the game). This data gives
rise to reports with general and game-agnostic information, like the number of
students who played the game, the average playing time, game phases in which
users stopped playing, etc. This information can be visually reported and may
provide initial useful information on how learners interacted with the game. In a
second step, additional information may be extracted by letting teachers define
game-specific assessment rules based on and combining the generic game trace
variables to obtain new information (e.g., setting maximum time thresholds,
comparing actual and expected/required values of variables). These rules clearly
need to be closely defined in line with each game to match the educational
objectives; however, since the building blocks of these kinds of rules are elements
from the basic set of traces, the creation and provision of template rules to support
teachers in defining their own is conceivable.
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To make use of learning analytics in educational games, a game platform needs
to be used that allows the collection of the relevant data, and that holds a repre-
sentation of game variables. The data for learning analytics will likely need to be
stored and processed separately and remotely. To technically implement such
analytics in an educational game, the definition of a learning analytics model and
implementation of a learning analytics engine—which is separate from the game
engine but communicates with it—has been proposed (Homer 2013). The learning
analytics engine is conceived as comprising a set of modules enabling the different
steps of the learning analytics process, from capturing data via aggregating and
reporting, to evaluating in terms of transforming information into educational
knowledge.

Assessment in a learning game may have two main purposes. First, just mea-
suring the success of the student will serve to provide teachers and students with the
derived information as a basis for action, like selecting new educational resources,
deciding on additional support or learning tasks, etc. Second, the derived infor-
mation may be used for realizing dynamic adaptation during game time through an
adaptation model, and adapter (part of the learning analytics framework) commu-
nicating with the game engine.

An example of using learning analytics in a serious game has been presented by
Baker et al. (2007); see also Miller et al. (2014). The authors also realized skill
assessment in an educational action game by using game events (e.g., attacking and
fleeing from an enemy) as evidence for users’ mathematical skills. The authors
deployed exponential empirical learning curves to determine player improvement in
accuracy and speed. This approach proved useful for formative assessment in
educational games, and may also be used to inform the redesign and improvement
of intelligent tutoring systems. Another very recent LA attempt has been made
towards elaborating an automated detector of engaged behavior in a simulation
game (Stephenson et al. 2014). Their goal was to identify and model learner actions
that give evidence of user engagement and, in the end, are predictive for success in
the game. An integration of the engagement detector in the game will enable to
report the results back to learners and teachers for reflection.

An approach to consider the structure of competencies was introduced by
Kickmeier-Rust and Albert (2010); it is based on the notions of so-called
competence-based knowledge space theory (CbKST) (cf., Kickmeier-Rust and
Albert 2012a, b). The principal idea is to monitor each activity of a learner or a
group of learner’s exhibits, and to interpret the behavior in terms of available
or lacking competencies or cognitive states such as motivation. Originally, this
concept was developed in the European ELEKTRA project (ELEKTRA 2014) (and
advanced in the following 80Days project (80Days n.d.). In the following, generic
Web services have been developed around the micro-adaptation framework.
The service-oriented architecture (as described by Carvalho et al. 2015) is based on
a set of recommendations, policies, and practices for the design of software
architectures which implements business processes, and it is using loosely coupled
components that are arranged to deliver a certain level of service or set of func-
tionalities (Hurwitz et al. 2007). The services are (partly) available and accessible
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through the service catalog platform of the Serious Games Society (Serious Games
Society n.d.).

The service approach has been implemented and evaluated, for example, in
primary level maths games. One example is the Sonic Divider (Kickmeier-Rust and
Albert 2013a), a tool to practice the formal sequence of solving divisions at the
level of third grade. In this case, the micro-adaptation framework builds upon a
domain model that includes about 100 atomic competencies (including number
dimensions, knowledge about sequences, rounding of numbers, etc.). The system
identifies correct and incorrect actions of the learners and updates an underlying
probability model of available competency states (in the sense of CbKST). This
kind of believe model is then used to trigger highly targeted interventions (such as
guidance or feedback), matching the competency levels of the learners well. The
approach was also successfully applied to a multiplication game, named the 1 � 1
Ninja which is based on a domain model for second grade multiplication skills
including the number dimensions for multiplicand and multipliers. The tool can
give tailored feedback, and it automatically adapts the difficulty level of the mul-
tiplication tasks to the performance of the learners. In school studies, we could
show that suitable and individualized interventions are superior to no,
non-individualized, or simple right/wrong statements.

A highly interesting application of the micro-adaptation framework and LA was
realized in the context of the European Next-Tell project (Next Tell 2015). In this
example a full teacher control suite that allows realizing educational sessions in
virtual worlds (such as Second Life or OpenSim) has been developed. The tool
analyzes the log files from the virtual world in real-time and—in greater detail—
post hoc, and provides teachers with activity statistics, chat summaries, probabilities
over competencies and competence states (based on heuristic-based analyses of
activities), and real time messages (e.g., in case of unwanted activities such as using
inappropriate language). In example studies with Norwegian and Austrian children
who met and learned English together in an OpenSim environment, it was
demonstrated that an appropriate feedback based on LA resulted in clear benefits
for the teacher, who had the opportunity to monitor and document activities and,
more importantly, to review language competencies (Kickmeier-Rust and Albert
2013b).

Learning Analytics (LA) and Educational Data Mining (EDM) aim at using
activity and performance data from a game to draw educationally relevant
conclusions. Their purposes are primarily providing learners with feedback,
providing teachers and instructors with insight and overview, and allowing an
adaptation of the game.
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10.4 Offline Assessment

Whereas online assessment has to face challenges like real-time diagnostics and
non-intrusiveness, offline assessment is much less challenging in this regard. Playing
activities can be paused or finished before methods of offline assessment are
administered. However, offline assessment also has to meet specific requirements.
The most important requirement is to fulfill quality standards in the respective field
or discipline. Unfortunately, in many application fields there is no consensus on one
assessment method that represents the gold standard. Rather, many different methods
are in use. Therefore, in this section the options in selected application domains of
serious games are discussed without recommending particular methods. Depending
on the structure of the respective field performance, knowledge, attitude and other
psychological variables may be assessed on a qualitative or quantitative scale. The
following fields will be addressed: health and rehabilitation, learning and education,
sports and exercise, and training and simulation.

In principle, offline assessment can be qualitative or quantitative (see Fig. 10.8).
Available methods comprise measurements, tests, observations, questionnaires, and
(written or verbal) self-reports. Whereas measurements, tests and observations can
be considered more or less direct methods of assessment, questionnaires and
self-reports assess performance indirectly.

Offline Assessment in Games for Health

Due to the complexity of the health domain, numerous assessment methods are
used. These methods are either based on specific health models or on a general
understanding of health as a state of physical, psychological, and social well-being.
Health and health-related behavior addressed in games for health comprise (regular)
physical activity, nutritional behavior, perceptual-motor skills (e.g., falls, spatial
vision) and abilities (e.g., balance and reaction), stress management, smoking, drug
(mis-)use, asthma prevention, and safer sexual behavior (Baranowski et al. 2008;
Lager and Bremberg 2005). In this section, we focus on assessment in prevention.
Therapy and rehabilitation will be addressed in the next section.

In general, in the health domain the current health status has to be assessed. This
can be done either by laboratory diagnostics, field tests or surveys. Well-known
laboratory diagnostics are measurements of arterial blood pressure, biochemical

Fig. 10.8 Overview of methods for offline assessment
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blood parameters like hemoglobin, liver enzymes, and other biochemical markers of
organic functions. Concerning cardiorespiratory fitness, a broadly accepted indi-
cator is the maximum oxygen uptake (VO2max; for an overview of physiological
methods, see Maud and Foster 2006). This measure indicates the aerobic capacity
of the cardiorespiratory system. Normally, VO2max is determined by a stepwise
ergometer protocol (either cycle ergometer or treadmill). Starting from a low initial
load (e.g., 25 or 50 W), the load is increased stepwise until certain criteria for
exhaustion are reached. For example, in the WHO protocol for children, the initial
load of 25 W is stepwise increased by 25 W every two minutes (Finger et al. 2013;
see also Andersen et al. 1971). Furthermore, ramp tests exist that require less time
for assessment (e.g., Poole et al. 2008).

Another indicator of physical activity (PA) that has often been assessed in
videogames is energy expenditure (EE; e.g., Biddiss and Irwin 2010; Peng et al.
2011, 2013; Sween et al. 2014; Deutsch et al. 2015). EE can be measured as oxygen
uptake (l/min), burned calories (kcal/h) or METs (metabolic equivalents). A well
accepted finding is that active videogames increase EE at a low to moderate level,
both in healthy and diseased populations (Fig. 10.9).

As another instrument to assess physical activity accelerometers are often used
(Reilly et al. 2008). This instrument allows for objective assessment of PA over a
longer period. Furthermore, activity logs or diaries (e.g., Garcia et al. 1997) as well
as specific questionnaires exist for assessing regular PA (e.g., Baecke et al. 1982;
for a critical review see Shephard 2003; Prince et al. 2008). For example, the
Baecke questionnaire consists of 16 items addressing PA at work, in sport, and

Fig. 10.9 Energy Expenditure (EE, in METs) while playing different kinds of video games
versus performing locomotion activities (mean ± minimum/maximum). Legend VG—Video-
games; MI—Mild neurological impairment; SI—Severe neurological impairment
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during leisure. Based on these items three scores are calculated: work index, sport
index, and leisure time index.

Concerning individual health, an often-applied instrument is the health status
questionnaire for medical outcomes studies (MOS SF-36; McHorney et al. 1993;
Ware and Sherbourne 1992; Ware 2000). The MOS SF-36 consists of 36 items and
eight scales representing mental and physical health. It has been developed for
self-administration by persons at the age of 14 years and older and for administration
by trained interviewers. There also exists a short version (SF-12) with 12 items.

Nutritional knowledge and/or behavior can also be assessed by questionnaires for
adults (Parmenter and Wardle 1999) and children (Wilson et al. 2008). The nutrition
questionnaire for adults comprises 50 items addressing knowledge about food and
nutrition, whereas the questionnaire for children consists of 14 items addressing
actual nutrition behavior. A shorter 20-item questionnaire has been validated by
Dickson-Spillmann et al. (2011). There also exists a computer-supported interview
tool for assessing nutrition (Bakker et al. 2003). Furthermore, nutrition can be
documented over a certain time period in a nutrition log or diary.

Health-related indicators of physical fitness like motor skills and abilities can be
measured by specific field tests like balance, jump, or run tests. Bös (2001) gives an
overview of about 700 single tests. According to Fig. 10.3 these tests can be used to
assess elementary and complex motor skills, motor abilities, or conditioning abil-
ities like strength, power, endurance, speed, and flexibility—as well as complex
combinations of coordination and condition. As in the other areas, questionnaires
exist asking the players to self-estimate their physical fitness level (e.g., Strøyer
et al. 2007; Bös et al. 2002; Knapik et al. 1992).

Offline Assessment in Therapy and Rehabilitation

Offline assessment in therapy and rehabilitation depends on the specific disease.
Beyond the primary outcomes targeted by the therapy further effects can be assessed.
For example, in neurorehabilitation, the primary outcome is the improvement of
mental and sensorimotor functions. Therefore, instruments like Fugl-Meyer
assessment (FMA), Postural Assessment Scale (PASS), the Assessment for Motor
Ability (AMA), Wolf Motor Function Test (WMFT), Stroke Impact Scale (SIS), and
the Functional Independence Measure (FIM) are applied. For example, the FMA is a
226-point scale comprising five domains (motor function, sensory function, balance,
joint range of motion, and joint pain; Gladstone et al. 2002). There are also
domain-specific instruments like the Berg Balance Scale (for a review, see Blum and
Korner-Bitensky 2008). The Berg Balance Scale has been widely used in stroke
rehabilitation. The scale consists of 14 items rated from 0 to 4. The above-mentioned
instruments have also been applied in the evaluation of serious games in neurore-
habilitation (reviews: Staiano and Flynn 2014, Wiemeyer 2014).

Another important therapy field is cancer. In order to establish a good primary
outcome, patients have to adhere to long-lasting and strenuous therapy, often
including periods of self-medication and chemotherapy. Compliance to therapy can
be assessed by subjective methods like self-reports and questionnaires, or by
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objective measures like blood assays and clinic visit attendance. An example of a
successful application of these assessment methods is given by Kato et al. (2008),
who could prove that playing a cancer-related videogame (Re-mission; Hope Labs
2015) has positive effects both on subjective and objective assessment scores.

Offline Assessment in Learning and Education

The primary outcome of serious games in learning and education is increased
knowledge and skills. Knowledge can be declarative, e.g., the successful recall of
facts, or procedural, e.g., drawing a circle or constructing a triangle. Therefore
knowledge and skill tests are appropriate assessment methods. There are many
approaches for assessment of learning and education in pedagogy and psychology.
Three mainstreams in learning theory have already been mentioned: Behaviorism,
cognitivism, and constructivism (Kearsley 1993; Egenfeldt-Nielsen 2006). Whereas
behaviorism focusses on learning by stimulus-response connections supported by
repetitions and reinforcement, cognitivism analyzes the information processing
during learning supported by instruction and feedback. Constructivism states the
importance of authentic learning environments and social communication. As an
example of a cognitive approach, the Component Display theory by Merrill (1983)
distinguishes between four types of learning content (fact, concept, procedure,
principle) and three types of use (remember, use, find). From these 10 meaningful
content combinations,1 a use can be derived that can be assessed, e.g., remembering
facts, using concepts or principles, or finding new procedures or principles.
A similar approach comprising four types of learning content (fact, concept, pro-
cedure, meta-cognition) and six type of use (remember, understand, apply, analyze,
evaluate, create) has been proposed by Krathwohl (2002). Another approach is to
distinguish different kinds of tasks. In his “Web-Didaktik,” Meder (2006) develops
a hierarchical taxonomy of tasks (see Fig. 10.10).

Fig. 10.10 Taxonomy of tasks for assessing learning effects (according to Meder 2006)

1Note that two combinations have been removed because they do not make sense, i.e., finding and
using facts.
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Prominent application fields of educational games are learning mathematics,
physics, geography, history, health-related behavior and languages (for a review,
see Egenfeldt-Nielsen 2006). Concerning the assessment of serious games for
learning and education it is not sufficient to test the primary outcomes, i.e., what has
been learned by using the games. Rather, the secondary effects of educational
games, i.e., how a player has learned, deserve scientific attention.

Offline Assessment in Sport and Exercise

In the fields of sport and exercise, the primary outcome is performance in specific
sports or exercises. For example, in basketball the scored baskets and in soccer the
scored goals can be assessed. Furthermore, according to the model of sport per-
formance illustrated in Fig. 10.3, various subareas of competencies can be assessed:
conditioning, coordination, tactics, psychological, and social competencies. For
example, numerous tests for strength, endurance, flexibility, and speed as well as
for tactical behavior, coordinative abilities, and sport skills have been developed.
For example, commonly used performance measures of endurance are the time
needed to run a certain distance (e.g., 3,000 m), or the distance covered within a
prescribed time (e.g., 12 min in the Cooper test). An example of a power test is the
jump-and-reach test, where the task is to jump as high as possible from a standing
position.

Furthermore, sport psychology has validated many generic or sport-specific tests
for cognition, perception, emotions, motivation and volition (e.g., Tenenbaum and
Eklund 2007).

Particularly sensorimotor skill and knowledge tests have been assessed in studies
on serious games in sport and exercise (for a review, see Wiemeyer and Hardy
2013).

Offline Assessment in Training and Simulation

In a way, training and simulation is a specific form of learning. Training denotes all
measures aiming at the systematic, purposeful and sustainable change of human
competencies and behavior. Simulations are manipulations applied to a physical or
computational model. Simulations are used when it is too expensive, unethical or
simply impossible to perform experiments with the original. Therefore, the most
important outcome of learning and training with simulations is the transfer to the
“real world” situation. This transfer can be direct, i.e., showing the behavior
acquired in the simulation immediately in the real world situation, or indirect, i.e.,
gaining knowledge about principles or strategies to facilitate the transfer. As a
consequence, methods for direct and indirect assessment of training and simulation
can be applied. Unfortunately, existing reviews and meta-analyses do not distin-
guish between these two kinds of assessment (Lee 1999; Vogel et al. 2006).
However, they prove that appropriately instructed, engaged, and playful use of
simulations may enhance performance.

Offline assessment of human performance is specific to the respective applica-
tion field of serious games. In this regard, many assessment methods exist ranging
from measurements via tests and observations to reports and surveys. In many
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fields, no “gold standard” has been agreed upon. Therefore, the great challenge is to
select the method(s) that meet best the requirements for the particular offline
assessment.

10.5 Performance Assessment and Game Adaptation

As pointed out in the chapter introduction, performance assessment serves
numerous functions in serious games. One important function is the adaptation of
the game to changes in the current performance of the player (see also Chap. 7).
First, adaptation of a game has to consider more or less static characteristics of the
player like age, gender, experience level, level of expertise, etc. In addition,
rehabilitation games have to adapt to the degree of impairment. This type of
adaptation is called macro-adaptation (e.g., Kickmeier-Rust and Albert 2012a, b).
A second type of adaptation is much more dynamic and depends on the current state
of the game. This type of adaptation, called micro adaptation, depends very much
on online performance assessment. In Fig. 10.11, the relation of performance
assessment and micro adaptation is illustrated.

Fig. 10.11 The relation of performance assessment and adaptation in serious games
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During gameplay the player interacts with the audiovisual and haptic interface of
the game. Depending on the sensors used, different sensory information can be
recorded as a result of the player-game interaction. For example, the kinematics and
dynamics of the player’s movements like forces or acceleration can be measured, as
well as the physiological reactions like heart rate or energy expenditure. Further-
more, events like pressed buttons or keys can be registered. This sensor data can be
used both for performance classification and player experience classification (see
Chap. 9). For example, the biomechanical data may signify a particular movement
error that has to be corrected. Or the physiological data may indicate that the
emotional arousal of the player is decreasing. Based on the results of the classifi-
cation, the task profile—and consequently the player profile—can be updated.
These profiles are then compared to the task-specific and global goals, respectively.
If the data suggests an adaptation of the game, decisions have to be taken whether to
change the task as such, adjust task parameters, or to use other means of adaptation,
e.g., hints or encouragements. If the data is not sufficient for an adaptation, a
decision has to be made whether to initiate further online, i.e., in-game assessment,
or off-line assessment. In order to not disrupt the game, online assessment is pre-
ferred. However, the options for online assessment may be not sufficient to get valid
information concerning the current performance state. For example, this may
happen in serious games for rehabilitation when the performance of the patient does
not improve. To identify potential causes of the stagnation, a thorough clinical
examination may be required.

10.6 Summary and Questions

Performance assessment in serious games is important for several reasons, for
example to adapt the game dynamically to progress of the player(s) and to evaluate
game quality. Performance denotes the process and result of actions and interac-
tions within a game. The numerous approaches to the structure of performance can
be distinguished into movement-based versus action-based approaches. Further-
more, different levels, stages, and components of performance regulation can be
distinguished. Assessment of different aspects of human performance can be based
on generic or domain-specific models. Assessment can be performed online, i.e.,
during gameplay, or offline, i.e., at the end of playing the game. Due to the different
levels and components of performance, biomechanical, (neuro-)physiological,
observational, and psychological methods are available for assessment.

Online assessment poses major challenges because assessment has to be done in
realtime and without disturbing the ongoing game. Using the example of games for
education and learning, the approaches of learning analytics (LA) and educational
data mining (EDM) have been introduced to illustrate the demands on online
assessment.

Offline assessment has to consider the methodological standards in the respective
application field. In the health domain, specific options of measuring, observing,
testing, or self-reporting health-related activities and knowledge are available.
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In education and learning domains, as well as in simulation and training domains,
the most important requirement is to assess learning and transfer, respectively. In
sport and exercise domains, assessment focuses on the whole or parts of the
complex structure of sport and exercise performance.

Check your understanding of this chapter by answering the following questions:

• What does the concept of “human performance” mean?
• What is the difference between movement-oriented and action-oriented

approaches to human performance?
• Which stages are distinguished by the action theory of human performance?
• Which components are distinguished in the generic model of sport performance?
• Which metrics are assessed by biomechanical analysis of performance?
• Which metrics are assessed by (neuro-)physiological analysis of performance?
• What does the term “learning analytics” mean?
• What is meant by “educational data mining?”
• What are the objectives of learning analytics?
• What are the methods of learning analytics and educational data mining?
• What are the specific challenges in online assessment?
• What are the options for offline assessment in the field of health?
• What are the options for offline assessment in the field of rehabilitation?
• What are the options for offline assessment in the field of learning and

education?
• What are the options for offline assessment in the field of training and

simulation?
• What are the options for offline assessment in the field of sport and exercise?
• How can online and offline assessment be integrated in the adaptation of serious

games?
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11Serious Games—Economic and Legal
Issues

Stefan Göbel, Oliver Hugo, Michael Kickmeier-Rust
and Simon Egenfeldt-Nielsen

Abstract
Serious games are fascinating, not only as a popular research field, but also as a
relevant economic factor for the prospering game industry. The use of advanced
gaming concepts and game technology applied to non-leisure contexts (e.g.,
education, training, health) is a logical and promising approach, but acceptance
by the gaming industry itself (game developers, publishers), intermediaries (e.g.,
training departments in a company investing into recruiting or qualification
programs), and consumers (individuals, groups; private persons, customers,
employees and trainees) is low so far, and a market breakthrough of serious
games is still missing. What are the reasons for this? The reasons are manifold,
ranging from (a) low development budgets and poor quality of existing serious
games to (b) the complexity and cost-intensive, multidisciplinary development
of serious games matching the needs of individuals and groups and (c) missing
scientific evidence that proves beneficial effects of serious games. Further, legal
and security issues such as intellectual property rights, data protection, and
privacy—particularly in the context of personalized educational games, or games
for health improvement and behavior change—represent major challenges in the
complex field of serious games. This chapter tackles the economic side of
serious games and explains major challenges and obstacles that currently hinder
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a market breakthrough. It starts with an overview of the current status quo of the
serious games market. Then, economic insights and trends, business and
distribution models, and legal issues are discussed.

11.1 Introduction: Status Quo of the Serious Games
Market

As the European Commission states in its call ICT 21–2014: Advanced digital
gaming and gamification technologies (EU ICT21 2014)—which is part of the
LEIT—Information and Communication Technologies sector (EU LEIT 2020)
within the Horizon 2020 program (EU Horizon 2020)—on one hand, advanced
gaming concepts are seen as both a promising innovative technology and a key
driver of creative industries in Europe. This explicitly includes serious games as
those using game concepts and game technologies in an application area beyond
entertainment. On the other hand, the call addresses the field’s current complexity,
variety, and diversity, resulting in a scattered industry. Serious games are imple-
mented in manifold application areas (Sawyer and Smith 2008) with different
stakeholders involved as well as specific technological and socio-economic char-
acteristics. The following statement by organizers of an international survey for the
status of digital games research underlines the complexity of the field:

Digital games research is a young, growing, multidisciplinary field of study. It spans
disciplines as diverse as arts, humanities, social sciences, psychology, design, computer
science, engineering, and others. This diversity and richness is part of its strength—but also
one of its challenges.

The above-mentioned survey was initiated by the Digital Games Research
Association (http://www.digra.org/), the Digital Games Research Temporary
Working Group of the European Communication Research and Education Asso-
ciation, and the Games Studies special interest group of the International Com-
munication Association (http://www.icahdq.org/).

This situation particularly becomes true in the context of serious games, which
strive to follow both the principles of entertainment games and the additional
characterizing goal of a serious game in a specific application field. Here, fur-
ther subject-matter experts—such as educators, coaches, medical doctors, and
therapists—are involved in the development process.

Compared to the entertainment industry’s well-established business processes,
funding schemas, and distribution models, the motivation for developing a serious
game differs enormously. Typically, serious games production is initiated either by
a customer—such as a company aiming to introduce game-based learning and
training (rather than an idea of a game developer or game publisher serving the
anticipated needs and interests of the gamers’ community)—or represents a
byproduct of collaborative research projects in form of a proof of concept for new
technical achievements in (mostly technology-driven) research initiatives.
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A major drawback of many research-driven serious games—often initiated by
research organizations with minor game development expertise—is often confirmed
by the low quality of resulting games in terms of bad (or even missing) game
design, limited complexity and quality of gameplay, game environments and game
experience. In these serious games, the characterizing goal (e.g., an intended
learning effect) as the serious part clearly dominates the “game” portion. Conse-
quently, these serious games usually do not go beyond a research prototype status;
successful technology transfer to a commercial (serious) game is far away.

Conversely, industry-driven serious game productions are more promising in
terms of their proposed outcomes. This is due to involving both professional game
developer studios (optional additional groups such as subject matter experts or
research institutions for scientific evaluation) and a user-centered approach, starting
with the motivation and (more or less) clear requirements of the customer.
Therefore, two obstacles often hinder a fluent project implementation: First, cus-
tomers are not really aware about games and underlying game development pro-
cesses. Similarly, game developers are not aware of subject-specific application
areas. This causes a need for increased communication among developers, cus-
tomers, and other stakeholders, in contrast to production of entertainment titles.
Second, customers, such as training units in large companies, often have inadequate
expectations in terms of quality and cost. They expect the same quality as enter-
tainment titles (with development budgets of at least $1 million USD) at a fraction
of the cost (five to six digit amounts) which are common investments for existing
eLearning/Web-based training solutions. Further, potential customers seek
best-practice examples that clearly indicate the effects of serious games—before
making the final decision to invest in a serious game as a new learning and training
paradigm.

As underlying model for a search tool for identifying and retrieving appropriate
serious games, Göbel et al. (2011) developed a serious games metadata format. This
format provides quality criteria and further descriptive data about serious games in a
formalized way, enabling information retrieval tools to find an appropriate serious
game for a specific user (group) with dedicated user requirements. This format was
further cultivated in the context of the EU funded project ALFRED (http://alfred.eu/).
Solid scientific evaluation studies have shown the potentials and limitations of
serious games in different application areas. Among others, Backlund and Hendrix
(2013), Egenfeldt-Nielsen (2005), Malone and Lepper (1987), Prensky (2001), de
Freitas (2006), and Connolly et al. (2012) indicate the benefit of serious games for
playful learning, learning effectiveness, and learning motivation in the educational
sector. In the healthcare domain, Baranowski et al. (2008), Kato et al. (2008), Lund
and Jessen (2014), Larsen et al. (2013), LeBlanc et al. (2013), Maddison et al. (2007),
andWiemeyer and Kliem (2012) analyze the effects of game-based approaches in the
direction on health-related behavior changes, e.g., healthier nutrition choices,
increased physical activity, or a better understanding of cancer and the willingness to
fight against it.

Chapter 12 provides a set of best-practice examples of serious games in selected
application areas.
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11.2 Economic Issues—Market Analysis and Business
Models

As outlined in the previous section, serious games are very promising, not only as
research field but also as a proven methodology (in singular evaluation studies to
date) and a potential economic factor in the advanced gaming industry.

11.2.1 Market Analysis

In 2010, the US research institute Apply Group predicted serious games to be the
next evolution wave in computer-based learning, with 135 of the world’s largest
companies using serious games in upcoming years. The IDATE study from 2010
titled Serious Games—A 10 billion euro market in 2015 (IDATE 2010). However,
this only represents a fractional amount compared to the overall gaming industry as
the fastest-growing market of the media sector with an estimated average growth
per year of 9.1 %. Latest studies by the market research and predictive analytics
company Newzoo conclude that the worldwide games market will jump from $83.6
billion USD in 2014 to $91.5 billion USD in 2015, which represents an increase of
9.4 % year by year (Newzoo 2015). Further, Newzoo forecasts in its 2015 Global
Games Market Report that the global games market will reach $113.3 billion USD
by 2018, which would imply a compound annual growth rate of +7.9 % from 2014
to 2018.

Developers’ and publishers’ efforts to professionally create and sell digital
games, serious and otherwise, to consumers give rise to a range of distinct market
information requirements. Typically, the most critical information requirements
relate to data about (1) hardware and software sales performance, (2) the size of
installed hardware base, (3) the structure of the installed base along with (4) the
characteristics of associated users. We will address each of these in turn, and
provide an overview of the most important methodologies used to collect such data
in practice.

Yet first, let us clarify why companies should bother with elaborate market
analysis at all. After all, one might argue, the success of a digital game can be
measured simply in terms of the sales, downloads and, more recently, the volume of
in-game or in-app purchases it manages to generate. Indeed, such performance
metrics should be readily available to those who have developed and, in particular,
published and marketed the game in question. Isn’t that enough? No.

Physical product sales as well as downloaded data provide an important but
myopic view, which limits the potential for targeted product development and
market opportunity exploitation. Four deficits are readily apparent: (1) sales data
reflect the result of a product and campaign after these have been created and
implemented (and are thus not useful for ex ante planning and control), (2) sales
data represent a partial view (lacking a perspective on the whole market, i.e.,
excluding non-buyers), (3) global sales data alone does not provide insight on the
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demographic structure of existing and potential buyers and players, and (4) for
products sold physically through retailers or other distribution channels not fully
controlled by the developer or publisher, sales data does not necessarily represent
actual sales to consumers.

Professional market analysis data plays a crucial role in supporting developers in
targeted development of new titles and their effective marketing. It contributes to
answering questions like:

• Who are we developing for?
• How big is the target group and sales potential?
• Who are our competitors and what are their key strengths?
• What kind of attitudes and beliefs does the target group hold?
• By which means can we best communicate our product to the target group?

Estimates of market sales and installed bases for software and hardware are
typically generated using a variety of different methodologies. These include:

• Consumer panels, such as those run by GfK in Germany
• Retail panels, such as those by Media Control in Germany and Chartrack in the

UK
• Consumer surveys, such as those implemented by NewZoo and GameVision

Analysts such as IHS/ScreenDigest and Parker Consulting maintain historical
records and apply basic modelling techniques to predict the lifecycle of hardware
sales.

However, just as important as sheer sales figures and the size of installed bases
are the structures of their owners or, more specifically, their users. This type of data
can be collected through consumer panels, bespoke surveys and, increasingly,
customer registration and loyalty/reward programs.

The advent of digital distribution and delivery is having a significant impact on
the game industry’s ability to collect and analyze sales and player data. While it
would seem to be easier to track key figures (due to the absence of middlemen), in
some ways it has become more difficult to create a coherent, aggregate view of total
market performance. New agreements between hitherto unrelated players are
required, and new companies are emerging to meet this need (e.g., AppAnnie for
apps).

A key deficit of most market analysis endeavors, however, is the neglect of
non-players or potential product buyers. Serious digital games can especially be
assumed to have significant potential for expanding the population of digital game
users by offering them a—to them—novel and perhaps unexpected degree of utility
that exceeds that of conventional gaming products.

As far as we can tell, market analysis for serious games not targeted to consumer
markets is still in its infancy. A number of problems make such an effort compli-
cated. First of all, the serious games industry is highly fragmented. Second, cor-
porations that employing serious games for the purposes of i.e., training, may view
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such technology as proprietary and not reveal information about their use cases.
Third, serious games are often highly customized, reflecting very specific user
requirements—which limits marketability to a wider audience.

We conclude that market analysis for serious digital games will encounter dif-
ferent challenges, thus giving rise to different methodological requirements that
depend on the type of target market. While consumer markets can be tracked with a
wide range of existing instruments, valid market monitoring for serious digital
games in a business-to-business (B2B) context will be more difficult.

11.2.2 Job Market and Qualification Programs

According to recent market studies by Gartner (Gartner Inc. 2013), the gaming
industry is also becoming one of the largest job creators in the IT sector. For
instance, 43,000 professionals in 2014 were involved in the art and business of
making games in the US, with an additional 12,200 professionals in Canada.
Almost 600 game companies operate in North America alone. An estimated 10,400
+ game-related organizations and businesses exist in 74 countries. According to a
2015 estimate by the German Association for Interactive Entertainment, the gaming
industry employs approximately 13,000 people in Germany. The computer and
video game industry sells an incredible rate of nine games every second. In contrast,
the percentage of serious games titles and number of game developer studios
focused on serious games is quite low so far. As an example, approximately 10
percent of German developer studios in G.A.M.E. (the German game developer
association) tackle serious games as their core business—whereby the percentage
serious games compared to entertainment games is continuously increasing. Sim-
ilarly, few positions in developer studios (ranging from designers to programmers
or content producers) have real experience in serious games production. This is also
caused by the fact that international qualification programs for game development
and game design (both private or in academia) are rare. Second, existing Masters
degree programs, offered by European and US universities among others (e.g.,
Copenhagen, Utrecht, Salford, and Skövde in Europe, or Michigan State, Georgia
Tech, University of California Santa Cruz, and North Carolina State in the US),
rarely address the complex and interdisciplinary field of serious games develop-
ment. Similarly, numerous qualification programs offered by universities of applied
sciences (e.g., in Germany, 156 study programs are available to prepare students for
entry into the multi-faceted gaming industry; refer to the education compass pro-
vided by the BIU association for game publishers: http://www.biu-online.de/en/)
focus on (the use of) digital media (tools) and media informatics aspects—rather
than research, development, and production process of games and serious games.
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11.2.3 Market Access

Hence, from a game developer perspective serious games so far only represent a
niche market in the gaming industry. The key question is how to access the serious
games market and how to make profitable business out of it?

As Founder and CEO of Serious Games Interactive Simon Egenfeldt-Nielsen
states, the most likely simplest route for mainstream (entertainment) developers will
be adapting existing titles to non-leisure uses. As there are no specialized design
and communication tools in this area—with most of the evaluation of a game’s
chance of success coming from experience—creating new titles from scratch will
likely be beyond many developers in the short- to medium term.

A significant problem faced by all actors in this area is the lack of publishers/distributors in
the field, and no specialists. Some CBT (Computer-based training) publishers have ‘dipped
their toe in the water’ but no one has made a serious move in this space to date.

Nevertheless, serious games—either in the form of contractual work or as part of
collaborative research projects with even smaller development budgets—provide a
good opportunity for developer studios to cross-finance their own technology
development or to bridge time between big(ger) entertainment productions even-
tually popping up due to unforeseen events, such as problems with a (bankrupted)
publisher—unfortunately not that unrealistic in the fast-moving gaming industry.

11.2.4 Funding Schemes

The difficulty for market studies in serious games also originates from the variety of
serious games described above—with their broad range of application areas as well
as the diversity of underlying business models and funding schemes. Contrary to
the entertainment sector, serious games usually are not mass-market products;
typically, it is not possible to buy them in a store or to download from online
distribution platforms. Only in extremely rare cases do professional game devel-
opers create a serious game (one not contracted by a customer) directly addressed to
players as consumers, with similar distribution models analogous to entertainment
titles. In most cases, serious games are developed either in the course of contractual
work or research-driven innovation projects.

In the case of contractual work, customers commission a game developer to
develop a serious game. This contractual work are typically private 1:1 projects
with one serious game and one customer—such as a company or nonprofit
social-professional organization—where the organization distributes the game
among its employees or respective member institutions (and their staff). Usually,
the amount of customer investment for these kinds of serious game productions
does not become public (cf. the best practice examples Mega Airport (series),
Sharkworld, or Oil for Quest in Chap. 12).

In the case of serious games as byproducts in the course of research projects, the
overall funding rate typically is public, but it is quite hard to determine and
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calculate the cost for dedicated serious game development—as the research project
is minor, serving primarily as proof-of-concept of new research achievements (e.g.,
80 Days or Dance with ALFRED in Chap. 12).

A third funding resource for serious games represents foundations, which sup-
port the development of serious games following the mission of the foundation.
Popular examples for that include health games such as Remission, funded by the
Hope Lab foundation, as well as social awareness games such as Mission for Life,
where a foundation wants to raise public awareness about a topic relevant for
society. Since foundations usually aim to reach as many people as possible, the
games are typically distributed for free. The amount of sponsorship for individual
projects is often available in a foundation’s annual reports.

Another (philosophic) discussion considers the question which games belong to
serious games and where is the border to pure entertainment titles? For instance,
Nintendo does not explicitly classify its products Wii Sports and Wii Fit or
Dr. Kawashima’s Brain Jogging as health or educational games, but as entertain-
ment games that new target groups such as families, silver gamers, etc.

All of these aspects and varying funding schemas, business, and distribution
models make it difficult to create profound market studies for serious games.

11.2.5 Business and Distribution Models
for the Entertainment Sector

In the entertainment sector, the games industry currently uses several business
models, including premium payment and free to play (see Fig. 11.1).

The traditional model contains a value chain from game developers on the
production side over publishers, distributors, and retailers, to players on the con-
sumer side. Developers are contracted by publishers, which serve as an investor for
the games. Publishers own the rights of the game and offer it to distributors and

Fig. 11.1 The business model for Entertainment Games from the value chain of the traditional
distribution model (upper) to premium and free-to-play models (lower). The dashed arrows
indicate different options within the traditional value chain. The dotted connections on the left side
indicate development tasks optionally subcontracted by game developers to additional parties,
such as individual freelancers or specialist (game) service providers
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retailers with different distribution channels (e.g., distribution platforms or geo-
graphic regions). Finally, consumers buy the titles in a store or download it from a
platform. In this model, by example, the royalties are distributed as follows: Let’s
assume a consumer pays 50 EUR for a game in a store. From that, the retailer keeps
10 EUR, and 40 EUR go to the distributor. The distributor keeps 14 EUR; 16 EUR
are passed to the publisher. From that, finally 4 EUR reach the game developers.
Therefore, game developers also need to finance their different departments and
(optionally contracted) content producers or additional technology providers.

Based on that situation, developers have a vital interest to increase their revenue
and percentage of royalties. For that, recently, simplified, unburdened value chains
have become more and more popular, i.e., value chains from game developers over
distributors directly to players, or even a direct connection from the game devel-
opers to the consumers (players). This implies that game developers also take the
publisher role and (in the latter case) distribute the games on their own, using
platforms such as Steam (http://store.steampowered.com). Accordingly, the per-
centage of royalty dramatically increases, e.g., the game developer keeps 10 EUR
from a 15 EUR expensive title (5 EUR go to a distributor), or a game developer gets
the full price for a title in the case of a direct link with the customer.

With respect to premium and free-to-play models (refer to arrow from Player to
Game Developer in the lower part of Fig. 11.1), a premium payment implies that
content is paid in advance by the end user through the actual purchase of the game,
e.g., a boxed game in a shop, or a game available for download via a distribution
platform. In contrast, in the context of the software-as-a-service idea (Papazoglou
2003) the games industry has also developed the free-to-play model: In this model,
the gamer has the possibility to access the game for free and then, later, different
monetization strategies are applied during gameplay on a voluntary basis—i.e., the
player pays only for extras such as shortcuts, additional power, points and coins, or
similar advantages.

11.2.6 Business and Distribution Models for Serious Games

Compared to business models and value chains in the entertainment sector, the
typical scenario in serious games is slightly different (see Fig. 11.2): Here, domain
experts enter the stage and bring in another dimension—the serious part. Also,
customers typically initiate and finance serious game development (i.e., contract
game developers for customized solutions and distribute the game for free for
training purposes among company employees, or among school-age children in
educational settings). The majority of best practice examples provided in Chap. 12
also follow this business and distribution model. Only a few examples exist, where
consumers (players) directly purchase a game. Therefore, the overall question is
whether players/consumers are willing to pay for serious games in general. Do they
want to personally invest in education or health as private individuals (cf. regular
visits to fitness studios with a subscription model and monthly fees)—or is the
general mindset that societally relevant areas are fully covered by public services,
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and serious games—as instruments for those public areas—should be offered for
free/without cost to consumers? A second interesting point is whether premium or
free-to-play models might be promising models for serious games at all.

11.2.7 Cost-Benefit Aspects

With respect to necessary development budgets and the cost-benefit ratio of serious
games, a commercially highly relevant issue considers IPR (intellectual property
rights) and license issues: Whereas some big(ger) developer studios rely on their
own technologies, a lot of smaller studies and startups make use of available (third
party) technology. For instance, Unity (https://www.unity3d.com) is very popular
and widespread—not only in the academic community, but also by the game
companies. This is due to low license costs and easy-to-use authoring tools and
additional game middleware. Previously available only to large game development
studios due to their high licensing fees, both the CryEngine and the Unreal Engine
(http://www.cryengine.com, http://www.unrealengine.com) are now available for a
small monthly fee, with the Unreal Engine additionally providing full source code
access. These changes allow everyone—from smaller developers to research pro-
jects, or even student projects—to use the same state-of-the-art tools as some of the
largest game developers in the industry.

Another aspect referring to the applicability and acceptance of serious games in
industry considers the technology used in the games paired with legal and com-
pliance issues in industry: Many corporate customers do not allow the use of
plugins in their company intranets. Due to this fact, there is an ongoing trend
towards technology solutions without the need of any plugins. For instance, there is
a joint effort by Epic Game studio and Mozilla to show the potential of WebGL.
Epic Games ported the Unreal engine (actually an effort to cross-compile c/C++ to
Javascript). Also, Mozilla and Unity want to bring the Unity Game Engine to
WebGL.

Chapter 12 provides numerous best-practice examples of serious games,
including relevant cost-benefit aspects: Economic information about the develop-
ment costs and funding models, quality information about the intended effects and
benefit for consumers, as well as technical information about supported platforms.

Fig. 11.2 The business model for serious games
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11.3 Legal Issues—Ethics, Gender, Data Protection
and Privacy

A major goal of many serious games is to provide personalized gaming environ-
ments in order to support individuals in achieving a proposed serious purpose, i.e., a
learning outcome or improved health. For that, the collection of personal data is
necessary to apply adaptation and personalization mechanisms that match the needs
of individual users. This has different pros and cons and directly leads into the topic
of ethics and legal issues—including ethical issues and privacy and data protection
issues. In the following section, these legal aspects are discussed in the context of
educational games.

11.3.1 Sensitive Ethical Aspects

Individual data to be collected and analyzed by smart game-based learning tech-
nologies—in particular, data about learning competencies and abilities, independent
of age or occupation—may raise sensitive ethical questions concerning privacy and
data protection issues. When conducting experimental research (during research and
development projects and/or as a preliminary step for educational game develop-
ment), international ethical standards and requirements of (psychological) empirical
research, as emphasized by the American Psychological Association or the British
Psychological Society (http://www.bps.org.uk/what-we-do/ethics-standards/ethics-
standards), need to be obeyed. This includes (a) justifying the reasons why people
need to involved in research activities, (b) applying to national and local adminis-
trative bodies (if applicable), (c) obtaining agreement from children’s legal repre-
sentatives (if applicable), (d) providing no financial or other inducement for
participating, (e) allowing children to voluntarily participate in the research protocol,
(f) providing an appropriate environment, (g) avoiding any risks or harm, (h) pro-
viding age-appropriate and complete information about the research protocol,
(i) recording a minimum amount of personal biographical data, (j) performing data
analyses on an anonymous basis, and (k) providing participants with the possibility
to retrieve feedback on subsequent research results.

11.3.2 Privacy and Data Protection

The main idea of smart educational assessment and personalization services for
serious games is that the understanding of a learner’s activities and learning tra-
jectories are key elements for intelligent game mastering, game control, and game
adaptations and they are advantageous for the individual, instructor and educational
provider. It appears obvious that a better understanding of a single student and an
entire student cohort as well as the learning designs and interventions to which they
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best respond would be of importance to improve education, or the “educational
success rate.”

Of course, schools and educational/training organizations collect and analyze
data about their students all the time, but with the increasing number of electronic
devices, a new dimension has been reached (cf. Oblinger 2012). Collecting data of
students and their activities, weaknesses, achievements, failures, and successes on a
large scale bears a number of severe and significant ethical challenges, including
issues of location and interpretation of data; informed consent, privacy and the
de-personalization of data; and the classification and management of data (Slade
and Prinsloo 2013), which is specifically true when data are passed to web services
in the cloud. Some researchers have suggested approaches to the perils of learning
analytics. In the US, as an example, Bienkowski et al. (2012) suggested a code of
conduct or Creagh et al. (2012) published a good practice guide. In a recent paper,
Slade and Prinsloo (2013) identify principles of an ethical framework for learning
analytics that (1) highlights the moral dimension, (2) involves students as collab-
orators instead of recipients, (3) demands awareness that all learning analytics
results are only of temporary/momentary nature, (4) demands awareness that
achievements are extremely multidimensional and therefore analytics are only a
snapshot of that, and (5) requires transparency. However, this framework concludes
(6) that schools [our educational system] cannot afford not to use the data to
improve the effectiveness and efficiency of educational measures.

Similar ethical and privacy issues become obvious in the field of personalized
health games—in particular, in the context of AAL (Ambient Assisted Living)
settings that primarily address the elderly and their social environment. Here,
ethical questions arise, such as “Who should know that a person has mild cognitive
impairment, only doctors…or relatives, neighbors, and other professional/non-
professional care givers as well?” or “Who can support an older person with limited
IT skills to register online for a Web-based cognitive training program? Which
information is necessary for registration?” Similarly, “Which information about
individuals and their health status is necessary before a health insurance company
accepts the costs for a game-based training program?” And, closely connected:
“Are health games generally accepted as instrument for therapies—does it fall
under the Medical Devices Act? Which processes are necessary for certification?”
These aspects are tackled by Manzeschke et al. (2015) in their study about ethical
issues in the context of AAL systems and applications.

Other legal aspects independent from dedicated serious game application areas
include gender issues as well as violence in games.

11.3.3 Gender Aspects

In the context of computer games, particularly those used for serious purposes,
gender aspects play a crucial role. Everyone working in this area must be aware of
these issues, and that each game potentially may increase a gender gap (cf. Rabasca
2000). Current studies yield a variety of gender differences in terms of preferences
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and gaming behavior. In general, however, the variance within one gender can be
considered larger than the variance between genders (e.g., Boyle and Connolly
2008 or Hsu and Noble 2007). Still, gender aspects and factors of gender-fair
design in educational technology and educational games (i.e., discussed in
Kickmeier-Rust et al. 2007) need to be an integral part of design and development
efforts. For that, an equal representation of both genders should be considered in
early game design phases (in the context of user requirement analyses) to achieve
better coverage. In general, educational game productions should account for
existing gender differences in visual, gaming, and learning preferences—to provide
gender-fair design at all levels.

11.4 Summary and Questions

The gaming industry is the driving factor of the creative industry in general, and not
only in Europe: Market studies estimated the worldwide games market to be $91.5
billion USD in 2015, and forecast an increase up to $113.3 billion USD by 2018.
Serious games represent a promising part of the advanced gaming industry—using
game technology and game concepts for additional purposes beyond pure enter-
tainment—and the topic of serious games is well accepted in society.

The current state of technology allows for global distribution of products with
relative ease. The booming games industry of recent years was driven by casual
games, which turned tens of millions of people around the wourld into gamers.
Today’s generation of 30–40 year-olds are the first to grow up with computer
games; hence, this is the first time the world has seen a large number of gamers who
are well into their 30s—with much larger spending budgets than ever before. Due to
that fact these people will start to look for more serious challenges than casual
Facebook games and, as stated earlier, games closer to real-world topics (e.g.,
business topics being most relevant to office workers).

Funding schemes and distribution models of serious games are quite different
from entertainment ones: Serious game projects are typically not produced for the
mass market, but for individual customers—such as a company introducing
game-based training for internal qualification programs. Further, additional stake-
holders such as the actual customer (i.e., a company’s Human Resource department,
which is responsible for employee training) and subject-matter experts are involved
in the development process. For that, the authors of this chapter introduce a new
illustration for business and distribution models (see Fig. 11.2) for serious games
based on the experience from academia (serious games group at TU Darmstadt,
cognitive science group at TU Graz) and industry (GAME developer association,
Serious Games Interactive and former personal experience from Nintendo).

A major drawback in the serious games market is that (so far) most serious game
productions have small development budgets (which are one to two dimensions
lower compared to entertainment titles), coupled with wrong expectations of cus-
tomers: there is generally a discrepancy between expected quality—compared to
successful entertainment productions—and low budgets—compared to existing

11 Serious Games—Economic and Legal Issues 315



eLearning solutions. This not only regularly leads to a low quality of serious
games—which results in low user acceptance—but also hinders professional
entertainment game developers to enter the market and to produce high-quality
serious games both entertaining users and fulfilling a characterizing goal in a
serious games application domain. Examples such as Re-Mission underline the
need for appropriate development budgets (>$1 million USD, comparable to suc-
cessful entertainment games) to create successful serious games that are well-
received and accepted by customers and consumers, both entertaining users and
showing the intended serious purpose—for example, positively changing patient
attitudes towards strict adherence to chemotherapy, as shown in the study by Kato
et al. (2008).

In sum, the serious games market is promising and fascinating in terms of
research and development; however, it also represents a scattered industry with a
variety of application areas and characteristics. As of today, there is no serious
games market breakthrough. Reasons for these grand challenges in serious games
include socio-economic aspects (development costs, quality, cost-benefit ratio),
legal aspects (data protection and privacy), and a number of research and technical
development related issues. Issues in the latter category range from effective game
creation to adaptive control and adaptation mechanisms—along with evaluation
aspects to prove the effects and benefit of serious games.

One possible way for a serious games market breakthrough would be certified
serious games with significant evaluation studies that prove benefits to a potential
customer. For instance, certified health games subsidized by the health industry
might provide necessary development budgets. This could encourage game
developers to both investigate the serious games market and develop high-quality,
entertaining, customized health games—both convincing customers in terms of its
proposed effects and affordability.

With respect to legal issues, on the one side detailed user profile information—
such as the knowledge background of a learning subject, or a user’s health status—
will help to configure appropriate game-based learning and training environments
(e.g., a personalized cardio-training program with specific duration, intensity, and
frequency according to the user’s health status). On the other side, that kind of
personalized information in principle might lead to misuse, too. It is always the
question of who gets what information and what happens with it. For instance, in
the field of healthcare and ambient assisted living, who should be aware of the
health status of an elderly person: Doctors, therapists, caregivers, the family, health
insurance companies? For that, appropriate data protection mechanisms are
essential.

Check your understanding of this chapter by answering the following questions:

• Why is it so difficult to analyze and calculate the serious games market?
• Which funding schemas, business and distribution models are common practice

in serious games production?
• What is the difference between business and distribution models in the enter-

tainment industry and in serious games?
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• What are the possibilities and obstacles for professional game developers to
enter the serious games market?

• Which ethical and legal issues arise in the context of educational games or
health games?
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12Serious Games Application Examples

Stefan Göbel

Abstract
Serious games are useful in a broad spectrum of application domains—ranging
from educational games for younger audiences, to collaborative training and
simulation environments for industry, or games for health and behavior change.
Other examples include games for culture and tourism, marketing and
advertising, participation and planning for public awareness, and social impact
games covering societal relevant topics such as security, religion, climate, or
energy. This chapter starts with a technology-driven approach to the broad field
of serious games and an introduction of the most relevant application areas of
serious games, with a rough summary of their characteristics in terms of domain-
specific economic and technical aspects. Then, a set of selected best-practice
examples per serious game application area is provided. Hereby, a coherent
description format is used based on a first version of a metadata format for
serious games introduced by Göbel in 2011, which considers typical descriptive
elements for games used in game archives and game rating systems. Description
elements contain the title of a serious game, its application area and target user
group, its characterizing goal and a short description of the gameplay (including
a snapshot), distribution info (including access to the game, supported platforms,
and price), economic information (business model and development costs),
quality information (evaluation studies, certificates, ratings, awards), and further
information (point of contact, website, developer, publisher). Combining
economic and quality information provides valuable indicators for potential
customers about the cost-benefit ratio of the serious games.
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12.1 Introduction

Serious games can be considered as playful instruments to achieve a desired goal,
i.e., learning or training effect or a better health status. Figure 12.1 illustrates the basic
understanding and technology-driven approach to serious games: In the center, game
design methods, game concepts, and game principles are used in analogy to the
development and design of entertainment games. These concepts, technologies, and
principles are combinedwith further information and communication technologies, as
well as domain-specific methodologies and technologies with regard to the charac-
terizing goal of the serious game. Typical ICT technologies, among others, include
mechanisms of artificial intelligence for automated game control, aspects of
human-computer interaction considering game controller and I/O devices, usability
and game experience features, multimedia aspects with a focus on computer graphics
and audio or sensor technology to retrieve (user/player-related) context information—
in order to build and process personalized adaptive serious games. Domain-specific
methodologies—apart from application-specific knowledge and content—include
aspects such as didactic and pedagogic concepts for educational settings, or psy-
chophysiological mechanisms to monitor vital status in healthcare applications.

Fig. 12.1 Serious games: game concepts and game technology combined with further
application-relevant concepts and technologies, applied in a broad range of serious games
application areas
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Application fields of serious games include, but are not limited to, game-based
training and simulation, digital educational games ranging from kindergarten to
university, vocational or workplace training, marketing and advertisement games,
health games for prevention and rehabilitation, or social awareness and impact
games covering societal relevant topic such as politics, security, religion, energy, or
climate. A comprehensive overview of serious games application areas is provided
by the Serious Game Classification System published by Ludoscience (http://serious.
gameclassification.com/) and the serious games directory (http://www.
grandmetropolitan.com/) provided by the Serious Games Association (education,
healthcare/medical, corporate, military/government, games for good) as well as the
serious games taxonomy introduced by Sawyer and Smith (2008). Considering these
classification systems and underlying serious games categories (cf. Sect. 12.7), the
authors of this chapter have identified a set of best practice examples for serious
games in different application domains (see outer circle in Fig. 12.1). Hereby, the
characteristics of serious games in the different application areas show a great variety
in terms of their economic potential, its underlying business and distribution models
(cf. Chap. 11), used concepts and technology, involved stakeholders and user
acceptance.

Serious Games for Training and Simulation

Training and simulation games (cf. Sect. 12.2) might represent the biggest and
economically most relevant application area for serious games. Examples among
others include: Single and multiplayer simulation and training programs for military
forces (e.g., America’s Army, see https://www.americasarmy.com/ or Lost Earth,
see Sect. 12.2.2) and civil relief organizations (e.g., VIPOL for police officers),
virtual training environments for service staff in various service sectors (e.g., bus
drivers, train conductors, pilots and flight attendants, sales staff, supermarket
cashiers) or business and management games (cf. learn2work and Sharkworld). In
some cases, serious games in those areas are not only used for internal training
purposes, but also as a marketing instrument for recruitment (e.g., America’s Army,
(Games and Knight 2002; Nieborg 2005)).

Whereas training and simulation environments for industrial (in-house) training
are typically built by game developers in contractual work ordered by individual
companies in the form of corporate games (e.g., VIPOL, 3DSim@GBT, Shark-
world, or Houthoff Buruma), different simulator genres such as flight simulators,
farming simulators, railway or ship/rescue simulators are produced not necessarily
for professional users, but also for the public games market, i.e., enthusiasts and fan
communities interested in this game genre. For instance, the MegaAirport.. (series)
was produced both for professional users (airport management, planning, pilots)
and non-professional users; the Ship Simulator: Maritime Search and Rescue is
used by younger and older “hobby sea rescuers” who are fascinated by playing
rescue simulators.

Technology-wise, these virtual training and simulation environments were built
on the basis of desktop VR technology in former times. Nowadays game engines
(see Chap. 6) by default provide improved, high-quality rendering facilities, support
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network communication for multiplayer scenarios, and offer cross-platform publi-
cation for Web-based and mobile training.

Digital Educational Games

Serious games for education—digital educational games (DEG), discussed in
Sect. 12.3—are very similar to serious games for training and simulation referring
to their overall purpose and characterizing goal, i.e., playful acquisition and transfer
of knowledge and skills and competence development. The main difference con-
cerns the target user groups of children, students, trainees, families, and silver
gamers (i.e., elderly players)—instead of employees in companies, or soldiers and
police officers in military and civil forces. Examples for serious games in education
and vocational training include:

• Techforce, a game-based training and learning environment for trainees in the
field of electro- and metal industries (http://www.techforce.de, see also (Unger
2013))

• Game mods of Civilization (http://civilization.com/, see also (Squire and Barab
2004)), The Elder Scrolls: Oblivion (http://www.elderscrolls.com/oblivion, see
also (Martin 2011)), or Roma Nova to teach history in higher education

• The authoring tool gamemaker, originally provided by Mark Overmars to enable
pupils and students both to create their own game and simultaneously have
game-based access to object-oriented programming (Habgood and Overmars
2006)—meanwhile, gamemaker has been commercialized (http://www.
yoyogames.com/).

For younger audiences, numerous educational games exist, which can be used
either at school or as supplementary learning material for the “afternoon market.”
This includes: The physics games Ludwig and PhysikusHD2, the geography game
Feon’s Quest (80Days), or the game-based learning platform scoyo (covering the
complete curriculum of subjects in Germany up to Grade 7 for math, German,
English, biology, physics, chemistry, and art; see http://www-de.scoyo.com.

Many digital educational games originate from research projects (e.g., 80Days in
the field of technology-enhanced learning funded by the European Commission).
A characteristic of these “by-products” of research projects is that they on the one hand
typically provide excellent new, innovative concepts such as automated personal-
ization and adaptation mechanisms—but on the other hand less matured, appeal-
ing gameplay and content. Other commercial products such as the game classic
The Incredible Machine (https://www.mobygames.com/game-group/incredible-
machine-series, http://www.crazy-machines.com), Nintendo’s Dr. Kawashima
brain jogging, or Yes or Know (combining classical board games with smart play) are
less focused on a dedicated target user group such as kids and pupils with a specific
age. In contrast, these products were introduced for the public and enjoy great pop-
ularity especially among casual gamers, families (serving as party games), and silver
gamers.
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Often, educational games also have a direct link to social awareness games (e.g.,
Internet Hero, drawing attention to the risks of Internet use), health games (e.g.,
Meister Cody tackling the issue of dyscalculia), or pervasive games in the field of
culture and tourism (e.g., REXplorer). Digital educational games are also often
associated with serious games at first; however, it needs to be emphasized that this
is only one (broad) application area in the broad spectrum of serious games.

Health Games

The third big application field of serious games represents games for health
(cf. Sect. 12.4), covering prevention (e.g., Play Forward for HIV prevention) or
rehabilitation (e.g., Respir Games for asthma therapy), physical exercises (exergames
such as ErgoActive for cardio training and BalanceFit for balance, coordination, and
strength training (Göbel et al. 2010a)) or Dance with ALFREDmotivating people for
collaborative dancing in a group, cognitive training (e.g., Nintendo’s Brain Jogging
or NeuroVitAALis tackling mild cognitive impairment) or any other form of games
aiming to support health in general and to enforce a behavior change towards a better,
more active and healthier lifestyle (including a better nutrition). The contemporary
“hype” on health games is also motivated by the fact that the global health care
system has to develop new concepts to tackle demographic changes, a widespread
sedentary lifestyle including physical inactivity, and increasing costs in the health-
care sector (Göbel et al. 2011a, b).

Similar to educational games, there are numerous health games available, either
as commercial products or game prototypes that were a result from research pro-
jects. Commercial products such as Nintendo’s WiiTM system with Wii Fit or
Wii Sports are dedicated to a broader audience with an emphasis on entertainment
issues (for casual users, families, silver gamers, etc.) rather than an intended health
effect or behavior change. This is the case for other small(er) health games and
game prototypes, which usually represent user-tailored solutions optimized for a
smaller user group with a specific user characteristic and user needs (e.g., the autism
games KickAss and Zirkus Empathica for adolescents and children, respectively).

Recently, the most prominent example of health games with numerous citations
represents the third-person shooter Re-Mission (http://www.re-mission.net/), which
encourages young patients with cancer to fight against their disease and to strictly
adhere to chemotherapy schedules. Re-Mission is also one of a few serious games
that successfully proved its positive effects in a clinical study (Kato et al. 2008). On
the other side, Re-Mission also represents one of a few examples of serious games
with a higher development budget (>$1 million USD) compared to many other
serious games, whether ordered in contractual work or funded in research projects.

One of the first health games (Lieberman 2001) with profound underlying sci-
entific methods and evaluation studies was Packy & Marlon for diabetes
self-management (Brown et al. 1997), published in 1994 by Raya Systems. Packy
& Marlon is a side-scrolling adventure game for the Super Nintendo console,
targeted to children and adolescents with Type 1 diabetes (ages 7–18). The health
game aims to reduce diabetes-related urgent care and emergency medical visits;
further goals of the game include improvements in diabetes knowledge,
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self-efficacy for diabetes self-management, communication with family and peers
about diabetes care and emotions related to care, diabetes self-care behavior,
clinical utilization, and health outcomes. The game simulates 4 days in the lives of
two diabetic characters who must keep their blood glucose under control with
insulin and proper nutrition, while engaging in challenging adventures. The game
has 24 levels (each level involves a meal or snack, with three meals and three
snacks per day) and is designed to improve players’ diabetes self-management
skills and behaviors (Fig. 12.2).

The design, user testing, production, and outcomes research for this game were
supported by grants to Debra Lieberman, principal investigator, from the National
Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) of the U.S.
National Institutes of Health (NIH). A 6-month randomized controlled trial with
Type 1 diabetes patients from Stanford University Medical Center and
Kaiser-Permanente clinics provided a Super Nintendo console to all 59 participants,
and randomly assigned them to take home either Packy & Marlon or an enter-
tainment video game with no diabetes content. They were encouraged to play their
game as much or as little as they wished, as long as they followed their parents’
rules about when and for how long they were allowed to play video games. At the
start of the study, both groups averaged about 2.5 urgent care and emergency visits
per child per year. After 6 months, participants who took home Packy & Marlon
reduced their diabetes-related emergency and urgent-care visits by 77 %, on
average, down to 0.5 visits per child per year; while those who took home the
non-diabetes entertainment video game had no reduction in diabetes-related
emergency and urgent-care visits, and remained at 2.5 visits per child per year.
Several improvements contributed to this outcome. Players of Packy & Marlon
gained knowledge about diabetes, improved their self-efficacy for diabetes
self-management, increased their communication with family and peers about
diabetes self-care and related emotional issues, and improved their self-care
behaviors. Results of the randomized controlled trial were published in
peer-reviewed scientific publications (Brown et al. 1997) and in the Yearbook of
Medical Informatics (Brown et al. 1998).

In the context of Packy & Marlon and other health games produced in the
nineties, the Los Angeles Times stated in its column The cutting edge/personal
technology on December 15, 1997:

Fig. 12.2 Packy & Marlon box cover, gameplay, glucose testing, and story line screenshots
(from left to right)
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Video Games Turn Health Issues Into Child’s Play. Medicine: Firm’s products use diabetic
heroes and asthmatic dinosaurs to educate kids and help them manage their diseases. Packy
and Marlon, plucky pachyderms in a children’s video game, charge through summer camp
and blast peanuts at their enemies. And every now and then, they stop to measure their
blood glucose level…Over the last five years, 40,000 copies of the games have been
distributed, teaching children about diabetes, asthma, smoking and AIDS, and in some
cases helping them manage their diseases.

Other press articles such as “Spiel macht glücklich—klinisch getestet” (English:
Playing makes happy—clinically tested) by the German newsticker Heise sum-
marize reports from the British Medical Journal, which point out that youth with
depression can expect as good healing results by specialized computer therapies as
by personal talk therapy with a doctor—as a result of studies by researchers from
the University of Auckland with 187 youths aged 12 to 19 years with symptoms of
moderate depression. This study took place for 3 months at 24 randomly selected
medical institutions in New Zealand, where half of the test persons received the
traditional treatment by personal talk therapy, and the other half used the game
SPARX (http://sparx.org.nz/). SPARX was initiated and funded by the health min-
istry from New Zealand and realized as 3D fantasy game. Within the game, a
customizable virtual character is available, which tackles seven tasks like the
detection of unfavorable thoughts. The researchers figured out that the youth people
not only enjoyed the game, but that 44 % of the test persons who succeeded in
solving at least four out of seven tasks, could be classified as entirely healed after
play. This was a great success compared to the equivalent success rate for con-
ventional therapy with 26 %.

Social Awareness and Impact Games

Apart from educational, training and health games, social awareness and impact
games (cf. Sect. 12.5), persuasive games or so-called games for good represent
another classical segment of serious games. This pillar is characterized by the fact,
that those games address public, societal relevant issues such as:

• Politics and history: e.g., Utopolis, which addresses and simulates a democracy,
or Lotte a mobile serious game accompanied by a short film aiming at
remembering the Holocaust to young adults in a media format appropriate for
the target group.

• Religion: e.g., Global Conflicts: Palestine (see http://globalconflicts.eu/), putting
players into the roles of the different sides in the conflict and offering an insight
into the different perspectives.

• Epidemic plague—e.g., The Great Flu, tackling the flu virus H5N1.
• Sexism and racism—e.g., tackled within Purpose
• Security awareness games—e.g., see http://mindfulsecurity.com/2010/09/14/

security-awareness-games/
• Climate—e.g., imagine earth, see http://www.imagineearth.info/
• Energy—e.g., Enercities, a serious game to stimulate sustainability and energy

conservation, see http://www.enercities.eu
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That kind of serious games are usually implemented in the course of public
funded (science meets business) projects (e.g., Enercities) or financed by charity
institutions (e.g., the World Health Organization initiated and funded the game
Food Force for increasing awareness about world hunger crisis, or Missio for Life,
tackling world’s social problems, funded by the Missio foundation). Sometimes
industry also invests into these societally relevant issues—primarily in the context
of image campaigns (e.g., GreenSight City originated by Daimler Chrysler, see
http://www.emercedesbenz.com/autos/mercedes-benz/corporate-news/greensight-
city-is-a-new-simulation-game-developed-by-daimler-ag-and-zone-2-connect/).
Hereby, the type of social awareness and impact games usually is very similar to
educational games, i.e., within the games the users/players can learn something and
get awareness about societal relevant issues in a playful manner.

Similarly to health games, certain persuasive games have also been validated
(e.g.,, Enercities, see Knol and De Vries (2010, 2011) and De Vries and Knol 2011).

Pervasive Gaming, Cultural Heritage and Tourism

The idea of pervasive games is to integrate games and game-based concepts into
daily processes and activities, especially in the context of mobility, whether the way
to work or during Nordic walking and jogging in leisure time. Hereby, game
concepts are combined with wearables and mobile technologies available in
smartphones such as positioning systems, audio, camera, and accelerometer or
additional biosensors (e.g., heart-rate sensors) to consider the context and health
status of users in mobile settings. Popular examples include the research prototype
Ere Be Dragons, using both mobile devices with GPS and additionally incorpo-
rating heart-rate sensors (Davis et al. 2006); Nike’s Nike + Running App (http://
www.nike.com/) using GPS and audio on smartphones opt further wearables; and
Zombies, Run (http://www.zombiesrungame.com) chasing users to run away from
zombies, and focusing on GPS and audio.

Further, often augmented reality technology is used, especially within pervasive
games for cultural heritage. One of the first examples in that direction was the
project GEIST (English: ghost) funded by the German Ministry for Education and
Science in the field of VR/AR, which combines mobile edutainment, interactive
storytelling, and VR/AR in order to explore a segment of Heidelberg’s culture and
history (Göbel et al. 2004). Research into theoretical and practical aspects for the
development and exploration of pervasive games also has been investigated within
the EU-funded Integrated Project on Pervasive Gaming (IPerG, see http://iperg.sics.
se/). Among others, tangible outcomes have been the game prototypes Can you see
me now? (Benford et al. 2006) and Epidemic Menace—described in the AR
handbook (Wetzel et al. 2011). These concepts have been further elaborated
resulting in the pervasive game Tidy City (http://totem.fit.fraunhofer.de/tidycity,
see also (Wetzel et al. 2012)), which also enables users to integrate their own
content as new missions in the game.

Similar mobile, pervasive technologies are used within REXplorer, where users
have been able to actively explore the city of Regensburg as well as in FreshUp,
which offers a campus environment as playground for interactive, pervasive
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exploration of campus life, processes, orientation, and navigation. Both examples
are described in the best practice Sect. 12.6 on pervasive games, cultural heritage,
and tourism.

Oppermann (2009) summarizes the different forms of pervasive games (cf.
Sect. 12.6) within his Ph.D. thesis entitled “Facilitating the Development of
Location-based Experiences.” Magerkurth et al. (2005) and Magerkurt and Roecker
(2007a, b) provide an overview of fundamentals in pervasive gaming, and Wetzel
et al. (2011) provide insight into the design of mobile augmented reality systems.
Mortara et al. (2014) provide an overview for learning cultural heritage by use of
serious games. Walz and Deterding (2014) provide further examples how serious
gaming and gamification (might) pervade the daily life in a playful world.

Apart from transporting a certain message in one direction—as in social
awareness games or educational games—mobile pervasive games are also used to
collect data in the back channel: For instance, location-based data such as pictures,
environmental data (e.g., pollution) or user-centric data such as how people feel at
different places are used to create mood maps or other visualizations (opt enhanced
by user-generated content such as geo-referenced images) as basis for urban
planning processes. On the commercial side, the same pervasive data collection
mechanisms are used by Google’s massive multiplayer online role-playing game
Ingress (http://www.ingress.com), where Google attracts millions of users to
annotate geographic locations on a voluntary basis.

Marketing and Advergames

Further application areas of serious games that not further tackled in detail within
this book include marketing and advertisement games (or advergames), which
typically are used to advertise a product or (company’s) brand.

For instance, Quest for Oil described in Sect. 12.7 is a serious game used for
branding the Maersk corporation, recruiting, and providing internal corporate
communication. Another prominent example represents McDonald’s as a game
(http://www.mcvideogame.com/), where players get insight into the processes at
McDonald’s (i.e., the work life at a McDonald’s restaurant and insights about the
production chain of burgers, including background information such as the point of
origin of food).

Best Practice Serious Games—Overview

Table 12.1 shows the selected serious games from different serious games appli-
cation fields that will be described in the following sections.

The description of the serious games follows the following structure, which is
based on a first version of a metadata format for serious games introduced by Göbel
et al. (2011a, b):
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Table 12.1 Overview of the serious games described in this chapter

Section Application field Titles

12.2 Training and simulation
(10 titles)

ViPOL (virtual training for police forces)
Lost Earth 2307 (image interpretation, military)
3DSim@GBT (planning, railroad construction)
Mega Airport.. (series) (visualization, flight
simulators)
Ship Simulator: Maritime Search and Rescue
SchaVIS (flooding simulation and prevention)
Seconds (supply chain management)
Learn2work (company simulation and training)
Sharkworld (project management training)
Houthoff Buruma (recruitment and assessment)

12.3 Learning and
education
(9 titles)

Ludwig (educational game for physics)
Physikus HD (learn adventure for physics)
80Days (adaptive educational game for geography)
Roma Nova (teaching history with brain interfaces)
Uni Game (insights to universities and campus
life)
Internet Hero (learning the pros & cons of the
internet)
Yes or Know (family quiz game)
Bionigma (science game for protein exploration)
Meister Cody (educational game for dyscalculia)

12.4 Health
(8 titles)

Play Forward (HIV prevention)
Respir Games (asthma therapy)
BalanceFit (balance, coordination and strength
training)
Dance with ALFRED (collaborative dancing)
NeuroVitAALis (personalized cognitive training)
KickAss (autism game for adolescents)
Zirkus Empathica (autism game for children)
SPARX (mental health game for youths &
adolescents)

12.5 Societal and public awareness
games
(6 titles)

Missio for Life (exploring the world’s social
problems)
Friend Ship (holocaust remembrance)
Purpose (racism and sexism)
Utopolis (democracy simulation)
The Great Flu (awareness game for the flu virus)
Global Conflicts series (tackling social problems)

12.6 Pervasive games,
heritage and, tourism (3)

FreshUp (pervasive gaming in a campus
environment)
REXplorer (sightseeing game)
Jogging over a Distance (healthy, pervasive
gaming)

12.7 Marketing games (1) Quest for Oil (branding game)

328 S. Göbel



• Title of a serious game
• Application area(s)
• Target user group
• Characterizing goal
• Short description and gameplay (including a snapshot)
• Distribution info (including access to the game, supported platforms and the price)
• Economic information (business model and development costs)
• Quality information (evaluation studies, certificates, ratings, awards)
• Further information (point of contact, website, developer, publisher).

Combining economic and quality information also provides valuable indicators
for potential customers about the cost-benefit ratio of serious games.

12.2 Games for Training and Simulation

12.2.1 VIPOL—Virtual Training for Police Forces

Author: Markus Herkersdorf

Title: ViPOL® (Virtual Training for Police Forces)

Application areas: Police forces, tactical training, team training, virtual live
exercise

Target user group: Police Officers

Characterizing goal: Enable police forces to train scenarios that are too expensive,
complex, or dangerous for live exercises

Short description and gameplay: ViPOL enables mission training in a virtual
world of 150 km2 urban and rural terrain. It is designed as a multiplayer,
simulation-based training solution to be operated in a secure police intranet
environment.

Every tactical scenario/team mission is prepared by a police trainer in advance.
A scenario editor allows him or her to set the time of day, choose weather con-
ditions (e.g., rain, fog), place all active roleplaying avatars or objects (like cars) to
their initial position, and populate the scenario with AI-driven autonomous agents.
The trainer assigns roles to the participants of a training session (Fig. 12.3).

Trainees join missions directly from their workplace computers, wherever they
are. After an initial mission briefing, they start to act in a free play mode according
to the given information and orders (e.g., bank hold-up, two suspects on the run, all
patrols available commence search activities). Every roleplaying trainee is repre-
sented by an avatar and experiences the virtual world out of the ego-sight of its
avatar. Avatars can walk, drive cars, run, jump, crawl, lie down, or use personal
equipment like weapons, radios, flashlights, etc. Special voice and radio commu-
nication is realized by integrated VoIP.
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While the trainee screen has a purpose of maximum immersion and as complete
a sense of reality as possible, the trainer screen provides a lot of tools to prepare,
supervise, analyze, and debrief training sessions. Two powerful tools are full
camera and full communication control. The trainer can join any team communi-
cation and directly address single or all players with instructions. Taking over any
perspective (overview, trainee, suspect, etc.) allows optimal monitoring of all action
during the free play phase. A second trainer (or a member of the police helicopter
squadron) operates (in a simplified way) a police helicopter as an additional tactical
air component and supports ground forces, e.g., by infrared camera information.
As all action (including communication) is recorded, a replay of the full training is
available for team debriefing. Also in the replay (no video), the trainer has full
camera control and can make the trainees re-experiencing situations out of any
suitable perspective (including change of perspective). Trainer comments (written
or spoken) during live play, linked to time markers, allows one to jump right to the
interesting or critical scenes for an efficient debriefing. Additionally, the trainer can
draw onto a screen overlay that is visible for all trainees, to visualize and illustrate
oral comments directly in the scene.

Debriefings can take place right after the training or any time later. The combi-
nation of free play action in a realistic scenario (including mistakes and suboptimal
individual and team approaches) and subsequent self-, team- and trainer-reflection
(including change of perspective) makes ViPOL a means of training with effective
and sustainable learning transfer.

Distribution info: ViPOL is a non-public product, developed for special use in
police training organizations.

Fig. 12.3 Snapshot of VIPOL—collaborative training of police operations
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Economic information: ViPOL was developed by TriCAT GmbH, Ulm, Germany,
and is available for licensing by police forces. Development costs are >500,000
EUR. A first prototype/pilot was supported by the Police of Baden-Württemberg
and MFG Baden-Württemberg.

Quality information: ViPOL has been developed in close cooperation with spe-
cialists of the Police of Baden-Württemberg. 2010/2011 a prototype version was
evaluated by the Knowledge Media Research Center (KMRC), Tübingen, together
with the University of Tübingen, Department of Applied Cognitive Psychology and
Media Psychology, as part of a dissertation (J. Bertram) on Knowledge Building in
Virtual Online Worlds. Three training groups (one with standard training, one with
virtual training, one control group with no special training) were compared on
knowledge acquisition and learning transfer. Findings were: the virtual training was
accepted, both training groups show a significant increase in gain of knowledge, the
personal value of the standard training subjectively was estimated as higher by the
trainees, measurements demonstrate a higher learning transfer for the virtual
training, virtual training appears as effective means of training. The project was
discussed on international conferences worldwide and published in scientific
journals (Moskaliuk et al. 2013a, b).

ViPOL is has received multiple awards, including the 2011 Innovation Award
from the German Federal Institute for Vocational Education and Training (BIBB).

Further information: Scientific information are available on the website of the
KMRC (http://www.iwm-kmrc.de; > Projects > Virtual Training), project infor-
mation on the TriCAT website http://www.tricat.net. For direct questions, please
contact Markus Herkersdorf (TriCAT).

12.2.2 Lost Earth 2307—A Serious Game for Image
Interpretation

Authors: Daniel Szentes, Alexander Streicher

Title: Lost Earth 2307

Application areas: image interpretation, military, surveillance

Target user group: The field of remote sensing and image interpretation is a highly
specialized community. One of the main training facilities for this field in Germany
is the Air Force Training Centre for Image Reconnaissance of the German Armed
Forces. This school has to handle very heterogeneous groups of students varying in
age, education, and technical background. The target group is students, mainly from
Generation Y, who are eager to play and will be trained as image interpreters.

Characterizing goal: The serious game should motivate students to achieve better
and sustainable learning results, and to ultimately achieve sound and reliable image
interpretation results.
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Short description and gameplay: Lost Earth 2307 is a 4X strategy game for training
purposes in the field of remote sensing for image interpretation. The explorative and
exploiting characteristics are mirrored in its game mechanics and are congruent to the
job description of an image interpreter. This encompasses the systematic identifica-
tion all kinds of objects in challenging imagery data from various sensor types. The
game is set in mankind’s future, placed in space throughout our galaxy. The player is
part of a rebellion which strives to liberate human colonies from a hostile, oppressing,
technophobic cult. As part of a liberation mission, the player has to fulfill an image
interpretation task and produce a sound and valid report. Depending on the quality of
the report, the mission is successful and the colony is free, or it will still be under the
influence of the cult. The quality of the report also influences the morale on the
liberated colony, which leadis to more or less resources (credits, matter, or science).
A set of real imagery data for each colony (i.e., mission) is provided, i.e., optical,
infrared or radar images. The cult’s dogma of no technology development explains
why no science-fictional imagery data is shown, but just real images from today. In a
strategy game setting, the player has to build sensors, units, and structures (e.g.,
drones, recce airplanes, barracks, ground control stations, etc.) to defend colonies—or
to attack colonies of the hostile cult. The fog of war concept (Crawford et al. 1988)
perfectly represents the fact, that interpreters generally don’t see the world in real time
—they only see the latest shot of an area. The sensors, units, and structures operate
along the classic rock-paper-scissors concept (Moore 2011). Each sensor, unit, or
structure has some strengths and weaknesses, which can analogously be found in real
world advantages and disadvantages of mimicked sensors and platforms (Fig. 12.4).

Distribution info: Lost Earth 2307 is available to all image interpreter students, as
well as fully trained personnel of the German Armed Forces. Typically the game is
played while in school (blended learning) in a free play mode. This mode can be
edited by a tutor to fit the current curriculum. A campaign mode allows for solo
trainings. The game is developed in C++ with the Havok Engine and runs on
Microsoft Windows. The rationale for this engine is, amongst others, its flexibility
and capability to realistically visualize (render) detailed specific imagery effects of
infrared and radar sensors.

Economic information: The Fraunhofer Institute of Optronics, System Tech-
nologies, and Image Exploitation IOSB developed the game for the German Armed
Forces’ Air Force Training Centre for Image Reconnaissance (AZAALw). Estab-
lished expertise in image interpretation and various sensor types have been key
aspects of the collaboration, and are crucial for the ambitious development of this
kind of customized game (with a six-figure budget).

Quality information: The development of the game has been in close cooperation
with the customer and the target group. Wherever possible, the game world is
abstract from the real world, so the players can immerse themselves in the game.
Only when it comes to specific requirements of the learning objectives, the game is
as close to the real world as didactically necessary. The basis for the game design
has been the 6–11 framework (Dillon 2010). After a thorough requirements analysis
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phase and with a coordinated written Game Design Document, game mechanics
were refined step by step to match the requests of the target group. Evaluations were
conducted continuously throughout development by testing with user groups. The
game will be part of the regular curriculum at AZAALw starting from 2016.

Further information: Further general and scientific information can be found at
the Fraunhofer IOSB website, http://www.iosb.fraunhofer.de/servlet/is/11/. For
direct questions, please contact Daniel Szentes from Fraunhofer IOSB.

Fig. 12.4 Lost Earth 2307—main bridge (top left), screenshots of a galaxy map and dialogue for
image analysis and reporting (top right), strategy game component with optical and infra-red views
(bottom)
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12.2.3 3DSim@GBT—Planning, Simulation and Training

Authors: Markus Herkersdorf

Title: 3DSim@GBT

Application areas: Railway companies, competence training, team training, virtual
live exercise

Target user group: Train personnel, tunnel maintenance personnel, intervention
personnel

Characterizing goal: 3DSim@GBT is a web-based and fully interactive 3D sim-
ulation to (a) make personnel familiar with the Gotthard-Basis-Tunnel and (b) to
train personnel to safely operate trains in the tunnel including adequate handling of
minor and major incidents (e.g., mass evacuation in the tunnel due to fire).

Short description and gameplay: In December 2016, the world longest railway
tunnel—the Gotthard-Basis-Tunnel in Switzerland—will be put into operation. For
the Swiss Railway company SBB (Schweizerische Bundesbahnen SBB), this causes a
huge and complex challenge to qualify nearly 4000 persons in 200 different roles in
highly safety-related issues by practical training—in a very short period of time and
with very limited access to the tunnel. SBB decided to go for a sophisticated
Web-based interactive 3D simulation, consisting of a Virtual World representing the
tunnel environment, a 3D model-based representation of all trains (6 different types),
an avatar-based representation of the personnel and an authoring tool to create plenty
of different missions for single- or multi-player (team) training, by their own training
staff members on a graphical plug-and-play basis (without any additional coding). By
means of this authoring tool, a mixed team of didactical and SBB training experts in a
first step set up dedicated training scenarios by choosing train types (maybe rear-
ranging the wagons), placing them on initial positions inside or outside the tunnel,
defining the route, adding (AI-controlled) passengers to the wagons plus the trainee’s
avatars, and preparing some incident items (e.g., a garbage can which can be
inflamed). In a second step, dynamic behavior is predefined by a node-based systemof
action elements, conditions, and transitions (e.g., the fire will be inflamed after 10 min
and will get out-of-control, if not extinguished within 3 min by anyone). The whole
scenario can be exported as single-player training (with instructions and automatic
feedback to the trainee’s action) or as multi-player team training (Fig. 12.5).

Team training exercises usually are supported by two trainers, who will super-
vise the free play action and role-play all external roles and communication (e.g.,
the train operation center). Trainer and operator are in full control of the simulation,
but will be—for workload reasons—assisted by the system. E.g., fire will inflame
automatically as predefined by the flow logic, without any need for the trainer to
take action, but he can intensify the fire, if he does not want the trainee to succeed in
extinguishing it. The system also helps track all trainee action and provides a report
on defined action items at the end. The trainer has full camera control, so he or she
can take any perspective (tunnel/train overview with zoom-in/out, trainee (ego or
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third person)). He also has full control of the communication means (train radio,
tunnel telephony, cellular) and can talk to all (briefing/debriefing) or just to a single
person. Trainees observe the situation from the ego-perspective of their avatars.
According to their assigned role, they can drive the train, care for the passengers, or
perform tunnel maintenance. They are expected to act along the given rules and
procedures, but are not limited in their action by the system. Special voice and
communication by the technical means is available by VoIP. The huge mass of
passengers is AI-driven and reacts context-sensitive to situations and incidents (fire,
train evacuation). The trainer can take over passenger control, either by interacting
with the AI-system or by directly controlling a single avatar. The record/replay
capability of the system allows to debrief the entire training out of any desirable
camera perspective, including all communication and interaction.

3DSim@GBT not only helps SBB to achieve necessary staff qualification for the
Gotthard-Basis-Tunnel, but also provides the organization with complete new
opportunities to plan and deliver competence-based training in terms of flexibility,
cost-efficiency, resource preservation, and learning transfer.

Distribution info: 3DSim@GBT will be available by end of 2015 for internal use
by SBB only.

Economic information: 3DSim@GBT has been developed by the TriCAT GmbH,
Ulm, Germany. Overall development costs are >1 Mio CHF.

Quality information: The project 3DSim@GBT started with an Europe-wide
request for quotation. After a pre-selection process, four companies had to go for a
proof-of-concept including a functional demonstrator. Based on exact specifications
the winner then had to elaborate a very detailed concept on didactics, technical issues,
methods of development, operation model, train-the-trainer and quality management.
The application itself is being developed in an agile process in close cooperation with

Fig. 12.5 Snapshot of 3DSim@GBT: simulation and training environment around the Gotthard
tunnel in Switzerland
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SBB specialists in the field of didactics, train simulators, train material, train oper-
ation and infrastructure (tunnel). Several quality gates were established.

Very important was an early fully functional prototype to enable the various spe-
cialists to experience their requests in a live system and then provide qualified input for
the further development. An intensive evaluation phase with all relevant peer groups
was included to assess acceptance, performance, training benefit and learning transfer.
Beside quality, time is absolutely crucial, because 3DSim@GBT is part of the fixed,
unshiftable schedule until opening the tunnel for passenger traffic in December 2016.

Further information: Further project information is available at the TriCAT
website http://www.tricat.net. For direct questions, please contact Markus Herk-
ersdorf (TriCAT).

12.2.4 Mega Airport—Realistic Airport Visualizations

Authors: Winfried Diekmann

Title: Mega Airport.. (series)

Application areas: Add-ons for use in Microsoft Flight Simulator X or X-Plane 10

Target user group: (1) Games market—flight simulation enthusiasts, pc-pilots,
customers of simulation games; customized versions for specific user groups with
dedicated needs, and (2) professional simulation—aircraft manufactures to use the
airports within their training devices. Manufacturers of flight simulators or visuals
to use the airports as a database in their products. Companies running a commercial
flight simulator which can be rented by private and commercial customers.

Characterizing goal: Land an aircraft as good as possible on one of the airport
runways.

Short description and gameplay: The gameplay is 100 % similar to the gameplay
of the flight simulator the add-ons are made for: primarily Microsoft Flight Sim-
ulator X, including its STEAM-version, and the flight simulator Prepar3D based on
Microsoft’s FSX and enhanced by Lockheed. These products are pure simulators,
and customers mainly want to fly as real as possible from one airport to another
with their favorite aircraft (Fig. 12.6).

Fig. 12.6 Snapshots of Mega Airport.. (series): Zurich airport (left), London Heathrow (right)
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Distribution info: Mega Airport.. (series) is available in German, English, and
French. The product is accessible as a boxed version in retail store in Germany,
Austria, Switzerland, the Netherlands, Belgium, and other countries, and for
download at http://www.aerosoft.com/ and various other download platforms. The
game-version for non-commercial purposes is available for approximately 25 EUR.
Professional versions in commercial flight simulators without any changes cost
between 250–500 EUR, and with changes mainly for professional use are between
5,000–25,000 EUR.

Economic information: For developing an airport, developers should have
knowledge of aviation, of the airport itself, and of the simulator the add-ons it is
made for. The most difficult part is getting airport information, and facility and
aerial pictures. Depending on the quality of that information and of the size of the
airport, development takes between 8 and 18 months for one developer.

Quality information: Product quality is always very close to reality: Complete
airport lighting, all taxiways with all taxiway signs, and lighting and all buildings
with all gates are on their correct place. Airport buildings are recreated in detail and
buildings or landmarks in the surrounding areas are also done, if they are important
for departure or in the final approach. Because of the high quality and number of
details, thee products are also sold to companies from the aviation industry for
various purposes.

Further information: Most products of the Mega Airports series are available as a
box version in English and German, with some also in French and Spanish. The
products are also available for download at the website http://www.aerosoft.com/
and other dedicated simulation online shops. Due to the fact that all products of the
Mega Airport series are compatible with the flight simulator X-Plane, they are also
available on STEAM.

12.2.5 Ship Simulator—Rescue Simulation for Enthusiasts

Author: Clemens Hochreiter

Title: Ship Simulator: Maritime Search and Rescue

Application areas: rescue simulation, ship simulation, action

Target user group: 10+, casual and core gamers

Characterizing goal: Become acquainted with the hard day-to-day life of a sea
rescuer and make the high seas a little bit safer. The main goal of the game is to
simulate the true life of sea rescuers based on true events and a lot of research. The
simulation puts human stories and social interactions in the center and reduces the
usual technical aspects that are normally found within simulation games.

Short description and gameplay: As a sea rescuer, the player puts his/her life on
the line—to save the lives of others! Extinguish fires, salvage damaged ships, direct
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search and rescue operations, stay in constant radio contact with the Maritime
Rescue Coordination Center, and save lives in 20 different missions. Together with
the crew, the player will become acquainted with the hard day-to-day life of a sea
rescuer and makes the seas a little bit safer (Fig. 12.7).

Distribution info: Ship Simulator: Maritime Search and Rescue was developed by
Reality Twist GmbH and published by Rondomedia GmbH. It is available on
Amazon and Steam since July 2014, currently for 18 EUR. It is distributed in the
German retail market as well. The game is playable in four different languages:
English, French, German, and Spanish.

Economic information: The game was primarily financed on a publisher-
advanced-royalty-basis. Rondomedia financed one part of the game. Another part
was achieved by the funding from FilmFernsehFonds Bayern with additional
55,000 EUR. Reality Twist invested into the game itself as well. The business
model is thus soley based on sales and revenue. The German Maritime Search and
Rescue Service (DGzRS) was chosen to serve as a brand partner for the game.

Quality information: A large research phase has been passed before development.
The development team spent time on a rescue cruiser and talked to real sea rescuers
to get a feeling for the subject. Furthermore, they talked to all people involved in the
sea rescuing business on land (e.g., radio operators). Afterwards, real cases of
distress at sea have been researched and stories from both sea rescuers as well as
castaways collected. Thus it was assured that all actions portrayed stuck to reality.
To furthermore assure the content, the whole productions was supported and
supervised by the German Maritime Search and Rescue Service (DGzRS). They
assured that all actions within the game are within their modus operandi. The game
has been nominated for the German Game Developer Award.

Further information: Information about publishing aspects are available at
astragon Sales & Services, the successor of rondomedia: http://www.astragon.de/.
Information about the development is available at Reality Twist: http://www.
reality-twist.com. Information about the utilization of a brand within a serious game
can be achieved by contacting the German Maritime Search and Rescue Service:
http://www.seenotretter.de/en/who-we-are/

Fig. 12.7 Snapshots of the Ship Simulator: the ships are modeled like the official boats of the
German Maritime Search and Rescue team (left). Combined with real controls, players can
imagine how it feels to be in command of a rescue ship (middle). Difficult weather, like this rainy,
stormy scenario is an important part of the gameplay (right)
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12.2.6 SchaVIS—Flooding Simulation and Prevention

Author: Ralf Dörner

Title: SchaVIS

Application areas: prevention, public awareness

Target user group: people who live in an area close to a river that is prone to
flooding.

Characterizing goal: The characterizing goal of the game is to raise people’s
awareness that they should be well prepared for the event of a flooding. People
should know which strategies to adopt in order to reduce the amount of damage in
their homes and the environment. Moreover, they should have experience how to
avoid life-threatening situations (Fig. 12.8).

Short description and gameplay: The basic storyline of the game is that a player
has agreed to look after the house of a friend who is on vacation. The player is
surprised to learn that the house is located close to a river which is suspected to
burst its banks. The player has only a couple of hours to react before severe
flooding will occur.

In a first phase, the player is able to explore the house, the garage and the
gardens in a 3D environment. To allow inexperienced players to navigate in a 3D
environment, a special navigation technique has been used: the user can only move
between pre-defined waypoints that are visualized as beacons. The user can only
navigate from one beacon to another by simply selecting a beacon. Then, the user is
moved automatically along a pre-defined path to the beacon selected. That reduces
a complex 3D navigation task to a simple selection task. In the user tests, this has
proved to be a crucial element for inexperienced users to play the game. In the
second phase, the player has to decide which actions to take. For instance, the
player can move all furniture freely in the house, make a trip to a local hardware
store and buy equipment, install restraints for the oil tank in the cellar, or turn off
electricity. Although the player is not put under time pressure to make the decisions,
each action is associated with a temporal duration. If a player chooses one action, its
duration reduces the time budget available.

Fig. 12.8 Screenshots of the SchaVIS game. The “eye” denotes a waypoint that a user can select
to navigate to this position
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The second phase ends when the time budget is consumed or the players have
put themselves in life-threating situation (e.g., if they forgot to secure doors
properly and might become trapped).

In the third phase, the player can watch the water level in the house rising due to
flooding. Simultaneously, the amount of damage rises as well. This amount is
determined by a realistic underlying simulation. As a result, the score of the game is
the sum of money that puts a figure on the flooding damage. The player with the
lowest score wins.

Players are encouraged to repeat levels and use different strategies in order to
reduce their score. In a fourth phase, the player can get some advice and crucial
mistakes are pointed out. The game has four levels with different degrees of dif-
ficulty and sophistication of actions that can be carried out. In the levels, the focus
changes from reactive to pro-active measures.

Distribution information: The game can be downloaded for free at a webpage of
the German state of Rhineland-Palatinate: http://www.hochwassermanagement.rlp.
de/servlet/is/174900/ The game is available in German, for Windows 7 only.

Economic information: Protecting citizens from personal and economic risks, and
reducing harm to the local economy due to flooding, are important tasks for a
regional government. Thus, public money has been invested in the production of
the game. A public bidding process took place. The cost for producing the game
was over $250,000 USD, including distribution costs. A campaign was conducted
and the game was presented at fairs in order to draw the target group’s attention to
the game. The game itself is free to play.

Quality information: SchaVIS has been successfully in use since 2010. In informal
interviews with users, the tension to see the house being flooded and the damage
raising was one of the most fun and motivating aspects of the playing this serious
game. In addition, surprises were described as most memorable, e.g., seeing the
amount of damage jump from $20,000 USD to $200,000 USD, although the water
level was increased by only 2 cm. This left players wondering what the underlying
cause was and fostered active exploration. In comparison to more traditional means
to raise awareness such as flyers or brochures, the activation of the user can be
assumed beneficial for a lasting change in behavior. For the success of the game,
the distribution strategy proved to be crucial. One promising strategy is to play this
game with schoolchildren during lessons, and have them take the game home where
they motivate their parents to play the game with them. Obviously, applying their
knowledge, children had fun beating their parents.

Further information: The game was produced by the RheinMain University of
Applied Sciences at Wiesbaden, Germany who provided expertise in serious games
(Prof. Ralf Dörner) and hydraulic engineering (Prof. Ernesto Ruiz-Rodriguez, Sonja
Baumeister). The game concepts and the implementation were realized by Matthias
Heckmann and Benjamin Reppmann, the co-founders of the company mindtrigger.
The point of contact for SchaVIS is message@mindtrigger.de.
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12.2.7 Seconds—Supply Chain Management

Author: Jannicke Baalsrud-Hauge

Title: Seconds

Application areas: Supply Chain Management, manufacturing, collaborative work

Target user group: vocational training and higher education in manufacturing,
logistics, and supply chain management

Characterizing goal: Decision-making, supply chain management, distributed
production

Short description and gameplay: Seconds, developed at the University of Bremen
(Germany), is used to train students in decision making on supply chains (SC), in
distributed production environments, and enterprise networks in general. The
gaming scenario evolves as the players play the game. The players have to design
their processes and make decision. Depending on production volume and time,
players can gain experience and skills needed for producing higher quality
(Fig. 12.9).

The scenarios are developed to give the students a high degree of freedom in
their decision processes by providing each player with a starting role. Players are
assigned to different companies having different functions in the supply chain. The
role and company description includes information on products and production,
company history, current locations, and vision when starting the game. Based on
this and an analysis of the market opportunities, students start with developing
different possible scenarios using scenario and SWOT analysis and establish the
company strategy, which they will have to follow during gameplay. Thus, the
player decides where and what to produce and how the production process is to be
carried out. This requires a turn-based setup and long playing time (3–4 h, 5–6
rounds), followed by a 30–45 min debriefing and reflection session. Seconds was
developed by a multidisciplinary team using the SCRUM approach, and partly
considering guidelines for balanced game design and the MDA framework
(Hunnicke et al. 2004). The underlying assumption is that from a designer’s per-
spective, the game mechanics will generate the dynamics of the game, which again
generate the aesthetics; the players’ perspective is opposite. Based on the deploy-
ment context of Seconds, the main interaction within the game arises from the

Fig. 12.9 Seconds main GUI, production GUI, and configuration toolbox (from left to right)
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communication and collaboration (both possible, depends on players’ strategies).
The dynamic in the game results from the interaction among the players as well as
from the interaction with the underlying simulation model. In addition, the dynamic
is further increased by the use of key performance indicator (KPI) triggered events
(Azadegan et al. 2014). The interaction between players leads to the evolvement of
the narrative story and is thus different for each game play, even though the starting
scenario might be the same. The role-playing mechanism is important for assigning
students to take specific roles in the supply chain, in order to simulate a typical
environment for decision-making in multi-stakeholder supply networks. Due to the
fact that the game scenario has to cover the main stakeholders in a supply network,
the game should not be played with fewer than 12 participants.

The client application functions more or less as a viewer of the current game
state of the active players and delegates the performed actions to the server
application using a self-defined event based command protocol. Most of the internal
game elements (such as game instances, user accounts, companies, bank accounts,
resources, sites, relations between them, etc.) can be edited, added, or removed via
the Seconds toolbox editor. The Seconds data model is based on an SQL database;
the game scenario can be altered by simply modifying this database. This makes it
less technically demanding to adapt and configure different business scenarios to a
specific business case, allowing ease of integration in different teaching settings.

Distribution info: Seconds is available in German and English; a Spanish version
is in progress. It is written in C#, is a server client application, running with any
Windows operating system. Access to a playable standard scenario can be
requested for free via mail@biba-gaminglab.com. The standard scenario offers
between 12 and 18 roles. Customized versions for institutions can be implemented
as contractual work (projects), costs depending on the user-specific requirements.
For direct questions please contact Jannicke Baalsrud Hauge; baa@biba.
uni-bremen.de.

Economic information: Seconds was developed at BIBA—Bremer Institut für
Produktion und Logistik by a team of researchers and research assistants. Seconds
evolved from the experience gained with a different game developed in the EU
funded project PRIME. Later versions have been further elaborated for the use in a
gamebased learning course on decision making in supply chain management at the
University of Bremen.

Quality information: Seconds have been in use for educational purposes since
2007. It has been regularly used at the University of Bremen (Germany) and
University of Nottingham (UK) in different settings. So far, around 550 players
have played Seconds. The evaluation of the learning outcome on risk awareness and
management showed that the students were able to identify risks, apply risk
assessment and management methods, as well as reporting that the game helped
them to apply their theoretical knowledge and to develop suitable strategies within
Supply Chain Management. Applying risk management successfully requires that
the participants know the steps of the process, thus the game train also procedural
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knowledge and competence development by letting the players carrying out risk
assessment and management. The tests show that the players are able to apply the
theory and to use different methods for risk mitigation and decision-making in
supply network (Baalsrud-Hauge et al. 2013). The tests also show that the longer
the participants play, the better they get in identifying and assessing the different
types of risks at an early stage. However, if we compare the mid test with the final
test, the results show that the level increases more after the game than after the
introduction. The participants mentioned two main challenges (provoked by the
game); first, they lost the overview and did not manage to deal with the user
interface and what was happening. Second, they found it difficult to identify hidden
risks. The results show that for students without any, or with a little knowledge of
risk management, it is important to make their task more visible in the first game
level. Furthermore, it was seen that the process of playing one game, debriefing it,
and then playing another game level helps to increase performance on the second
game because of the transfer of knowledge from one game to another through
debriefing (Baalsrud-Hauge and Braziotis 2013). Participants identified the risks, as
well as developed strategies for reducing the collaboration risks to a much higher
degree (Baalsrud-Hauge and Braziotis 2012). The continuous evaluation of learning
effects demonstrates that the time required to transfer information into knowledge
not only depends on the essential debriefing phase, but also relies on the partici-
pant’s prior experience. This needs have to be taken into consideration at an early
stage of the experimental setup, so that participants can be supplied with the nec-
essary information on methods and approaches in advance.

Further information: Please contact Jannicke Baalsrud Hauge, Bremer Institut für
Produktion und Logistik, BIBAGamingLab, mail@gaming-lab.com.

12.2.8 Learn2work—a Higly Adaptable Company Simulation

Author: Oliver Korn

Title: learn2work

Application areas: management training, business training, production manage-
ment training

Target user group: skilled employees in production companies, management,
economics students

Characterizing goal: On a general level, learn2work combines skill development
and motivation and encourages entrepreneurial thinking and acting. On the content
level the simulation focuses the skill areas of production planning and human
resources.

Short description and gameplay: learn2work is an authentic and playful simu-
lation of a small production company. The players’ aim is to manage this com-
pany—either as individuals (i.e., as the CEO) or as a team with distributed roles
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(e.g., production, human resources and finance). Managing the company is a per-
manently challenging task: unpredictable events like market fluctuations, cases of
illness, or machine breakdowns create a unique sense of realism. Thus on a general
level, learn2work combines skill development and motivation and encourages
entrepreneurial thinking and acting (Korn 2005, 2006) (Fig. 12.10).

An elaborate tutorial explains the basic relations and interdependencies to make
the start easy. There also are three pre-configured and documented scenarios
focusing on different management challenges: Changing the product and thus the
production pipeline, re-structuring and qualifying the workforce, and surviving in a
shrinking market.

Alternatively own scenarios and goals can be setup to meet the requirements of
different groups. Also the level of realism and difficulty can be adapted in detail.

Within the game, the players of the team are briefed and receive the objective.
Then they explore alternative ways to solutions, e.g., a shrinking market can be
addressed by downsizing or by changing the product line. The simulation allows
testing different strategies which then can be evaluated, compared and assessed.
This is easy, as the serious game both tracks the level each objective is reached and
attributes an overall score based on a simplified balanced score card.

While learn2work focuses on production planning, other departments like
human resources, sales & marketing, and materials management are simulated as

Fig. 12.10 learn2work provides a bird eye’s view of a small production company
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well. General topics like soft skills, group dynamics, and ergonomics are also taken
into account.

The following list provides an overview of activities in the serious game:

• choose profitable orders
• plan production
• manage stock and central buying
• manage sales and marketing
• plan finances
• observe market cycles and objectives
• train and motivate employees
• build teams
• explore strategies to resolve conflicts

Distribution info: learn2work is available as a Web service or alternatively on USB
sticks. The serious game is localized in English, German, and Turkish. There also is
an elaborate manual and workbook containing exercises and a glossary of relevant
economic terms. The regular price for a 1-year license is 219 EUR and 849 EUR for
a license with unlimited duration. Discounts for educational institutions like schools
and universities apply. More information and the web service can be accessed on
http://www.learn2work.de

Economic information: The game was developed by two full-time developers
within 3 years. The development was financed by two grants (EXIST-SEED and
Young Innovators). It was self-published and is distributed by Korion.

Quality information: learn2work received numerous awards: the Education
Innovation Award by the German Chamber of Commerce, the Innovation Award of
the German SME Initiative, and the eLearning Award in the category company
simulations. Several major companies—among others, Siemens and Stihl—use
learn2work in their training and further education departments.

Further information: Serious game: http://www.learn2work.de. More information
on the developer: http://www.korion.de/.

12.2.9 Sharkworld—Professional Project Management
Training

Authors: GAF van Baalen, Bruno Joordan

Title: Sharkworld

Application areas: Management training, corporate training, stakeholder man-
agement (PRINCE2)

Target user group: Employees with project management ambitions, students in
business and/or technical programs
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Characterizing goal: Introducing players to project management in a playful way,
and letting them feel what it’s like to deal with stakeholders in a project

Short description and gameplay: Sharkworld combines simulation elements with
a story and characters, to create an engaging project management experience. With
the help of picture and video material, players are taken on a trip to China. There,
the main character must replace a project manager who has mysteriously fallen ill
(Fig. 12.11).

Once there, players have to manage their project. Through conversation, chat
and email, they have to take care of the interests of the boss, their client, and the
team. They also make schedules and budgets. The choices that players make during
the game decide whether the project becomes a success or turns into a disaster.

The game uses various media to give extra depth to the experience. When
players are not behind the computer, they get text and voice messages from game
characters on their mobile phones. The characters in the game also send emails.

Distribution info: Sharkworld is playable through a Web browser and needs Flash
to run. http://www.sharkworld-game.com/.

Economic information: The game is sold online per license and in combination
with institutional training packages.

Quality information: The game won the following awards: 2009 Japan Prize, 2008
European Innovative Games Award, 2008 Dutch Game Award 2008, and the 2009
Accenture Innovation Award.

Fig. 12.11 Snapshots of Sharkworld
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Further information: The game was developed in cooperation with Otib and
TenStep.

12.2.10 Houthoff Buruma—Recruitment and Assessment

Authors: Marcus Vlaar, Bruno Jordaan

Title: Houthoff Buruma—The Game

Application area: Law recruitment

Target user group: top-tier law graduates

Characterizing goal: Offer a selection tool for Houthoff Buruma to test new
recruits on creativity, solution mindedness, stress resistance and social skills.

Short description and gameplay: Houthoff Buruma and ranj created a recruitment
game in which participants can discover and experience legal practice from within.
During an office visit, students are challenged to resolve a case study within 1.5 h,
inside a rich multimedia setting. They work together in teams but are also in
competition with rivals, which stimulates their motivation.

Each team works for Chinese Mining & Marine, a Chinese state-owned com-
pany. They assist in the take-over of the small Dutch offshore company, ‘t Hoen.
This family business owns innovative technology that is essential for a prestigious
Chinese offshore project to succeed (Fig. 12.12).

Using various media, teams discover fragmentary information about the interests
and motives of different stakeholders, with which they can develop a successful
acquisition strategy. Interviews with different game characters confront the teams
with the human aspects of the case. The international context of the takeover
demands political insight. The pressure increases because there are more issues than
can be solved in limited time. The boundary between fiction and reality is inten-
tionally blurred, continuously challenging the cognitive and analytic abilities of the
students.

Fig. 12.12 Snapshots of Houthoff Buruma
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After solving the case, a plenary session takes place. In this final round, the
teams’ solutions are compared and discussed. Subsequently, the winning team is
announced.

Distribution info: The game is only playable within the Houthoff Buruma offices
on a laptop.

Economic information: The game has been developed exclusively for Houthoff
Buruma to be used as part of their recruitment process.

Quality information: The game won the following awards: 2011 E-Virtuosos
Award, 2010 European Innovative Games Award, 2010 SAN Accent.

Further information: The game was developed in cooperation with Houthoff
Buruma and made a significant contribution to the firm’s election as 2010 Benelux
Law Firm of the Year.

12.3 Educational Games

12.3.1 Ludwig—Digital Educational Game for Physics

Author: Michael Kickmeier-Rust

Title: Ludwig

Application area: Physics: renewable and sustainable energy

Target user group: The game is designed for the secondary education level,
children aged 11 and up. The game is supposed to be used by teachers in secondary
education.

Characterizing goal: Primarily, Ludwig follows the Austrian curriculum and
covers aspects such as Fire (combustion, exhaust gases, etc.), Water (hydroelectric
power, water cycle, or rivers), and Technology.

Short description and gameplay: Ludwig is an interactive 3D-adventure game
built around a serious topic: Fossil and renewable energy (http://www.playludwig.
com/). Players can explore the game world freely without any limitations given by
the pedagogical design. The game was utilized and optimized gradually based on
the feedbacks of participatory students and teachers. Usability, fun of play, moti-
vational factors, and learning progress were investigated during the design process.
A key element of the game and the project was to provide a convincing and
competitive virtual 3D environment. The basic idea is that the learners explore the
virtual environment and solve consecutive quests. The quests are designed as
mostly 2D interactive experiments. In addition, the solving of quests and the degree
to which a student explores the environment the more content of a knowledge base
is unlocked. The knowledge base in turn is an in-game encyclopedia of the related
topics (Fig. 12.13).
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Distribution info: The game is a Windows game for XP and higher systems. The
game requires about 2 GB hard disk space and a performing graphics card. The
game is distributed on CD and can be downloaded freely from the Ludwig website
(http://www.playludwig.com/). In addition to the game itself, the package comes
with additional information packages for teachers, as well as related worksheets for
students.

Economic information: The project is a cooperation of the game studio Ovos in
Vienna and various universities and school throughout Austria. The joint project
was funded by the “sparkling science” initiative of the Austrian ministry of science,
research, and economy and supported by various industry sponsors.

Quality information: The game was designed to have a high graphical standard
that can compete with other commercial games, as well as convincing gameplay.
This was one of the premises of the Ludwig project. In the context of the 2-year
project, iterative design and development cycles as well evaluation studies have
been conducted (Wernbacher et al. 2012; Wagner and Wernbacher 2013). The
game received a number of awards, most recognizable the World Summit Award
for e-content and creativity in 2013; this award is an initiative of the United
Nations. Noteworthy is also the 2013 Austrian State Award (Staatspreis) for
Multimedia.

Further information: All information about the project, the game, and evaluation
studies is available on the game website (http://www.playludwig.com/).

Fig. 12.13 Screenshot of Ludwig
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12.3.2 Physikus HD—Learn Adventure for Physics

Author: Clemens Hochreiter

Title: Physikus HD2

Application areas: adventure, puzzle, physical experiments, physical laws

Target user group: Primary: 9+ years, students and pupils as well as adventure
players in general; secondary: All physics-interested casual gamers, teachers and
instructors

Characterizing goal: Physikus HD2 is an adventure game with physics
knowledge-based puzzles. Playing the game should spark interest in physics
knowledge. Browsing through the knowledge part should be fun and allow players
to solve adventure puzzles.

Short description and gameplay: In Physikus HD2, a meteorite has hit a planet,
causing it to stop rotating around its own axis. One half of the earth looks set to
freeze solid in arctic conditions, while scorching heat is making life unbearable on
the other half.

The gameplay is geared to classical First-person adventure games with beautiful
graphics, exploration sequences, and machine and logic puzzles. These are con-
nected to an appropriate didactical learning encyclopedia. Therefore, players are
encouraged to work with the learning content in order to find and understand
solutions to the different puzzles. Meanwhile, the storyline unfolds slowly, trans-
porting the narrative and backstory mainly over objects like letters, machines, etc.

In this completely reworked version of the 90s classic, new storylines, different
puzzles and new characters are added to the fascinating world of Physikus. No
matter whether you know the original game or not: Physikus HD2 is a complete new
experience for the iPad or iPhone (Fig. 12.14).

Distribution info: Physikus HD2 was released in December 2011 in multiple
languages. The game was available in the AppStore for $3.99 USD for iOS devices.
As of today, it is no longer available for purchase.

Fig. 12.14 Screenshots of Physics HD. A basic electric circuit explained (left), Stampy the
roboter with various personalities, guides the player through the game (middle), still from
cut-scene—the story is the motivation for landing and exploring the planet (right)
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Economic information: Physikus HD2 was developed by Reality Twist GmbH.
The financing of the production was supported by funds of FFF Bayern (http://
www.fff-bayern.de/) and the Bavarian state chancellery (http://bayern.de/) with
85,000 EUR. The game was published by Braingame Publishing.

The game itself is part of a very popular German educational adventure called
Physikus, originally published by Braingame Publishing in German and English.

Developed in 1990, the successful learning adventure from Braingame is seen as
the founder of German learning adventures and was now technically upgraded by
Reality Twist. The game’s given successful features, like an intuitive point & click
interface and pedagogical learning, were extended by many modern features.

Quality information: Physikus|HD2 was nominated at the German Developers
Award show in 2011. The original Physikus has also won dozens of awards,
including the Giga Maus in 2001, and the highest ranking possible in the educa-
tional guide book of Thomas Feible (Lern-Software-Ratgeber 2000, 2001). Eltern
for family, a nationwide magazine for educational advices for parents, called the
game exemplary.

Further information: Reality Twist GmbH (http://www.reality-twist.com/en) is
the developer behind the portation of Physikus to iOS. The original creators can be
reached at ARUS Media (http://www.arus-media.de/), the successor of Braingame
Publishing.

12.3.3 80Days—Adaptive Game (Prototype) for Geography

Author: Michael Kickmeier-Rust

Title: Feon’s Quest

Application area: Geography (the game follows a general European curriculum
and basically covers European topography as well as environmental aspects)

Target user group: The game is designed for the secondary education level, for
children from 12 to 14.

Characterizing goal: The game, in fact is a research prototype, developed in the
context of the 80Days project (http://www.eightydays.eu), which was a European
project funded by the European commission. The project ran from 2008 to 2010.
Thus, the main goal of the game was to implement and demonstrate innovative
research outcomes in terms of in-game adaptation, so-called micro-adaptivity (cf.
Kickmeier-Rust and Albert 2010) and interactive storytelling (cf. Göbel et al. 2010b).
From a learning perspective, the game is supposed to convey basic information about
European countries as well as European capitals and major rivers. In addition, the
goal is to teach environmental aspects such as the risk and impact of flooding
(Fig. 12.15).
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Short description and gameplay: In the game the learner takes the role of an Earth
kid at the age of 14. The game starts when a spaceship lands in a backyard, and an
alien named Feon contacts the player. Feon is an alien scout who was sent to collect
information about Earth. The player wants to have fun by flying a spaceship, and in
the story pretends to be an expert about planet Earth. He or she assists the alien to
explore the planet, and to create a report about Earth and its geographical features.
This is accomplished by the player by means of flying to different destinations on
Earth, exploring them, and collecting and acquiring geographical knowledge. The
goal is to send a report about planet Earth to the Alien mothership. At a certain
point the player, finds out that the Aliens are not peaceful but plan to conquer Earth
—using the found information about the planet. This reveals the “real” goal of the
game: The player has to save the planet, and the only way to do it is to draw the
right conclusion from the Earth report. The game is based on the idea that the real
world is the playground where real geographical knowledge is learned. Gameplay
and story are based on the metaphor of a “long zoom,” which enables to approach
geography and the Earth from different perspectives (i.e., a global view of the entire
planet, a medium view of countries, cities, and landscapes, and a local view). The
actual subject matter is enriched by meta-aspects such as environmental
preservation.

Distribution info: The game is a Windows game for XP and higher systems. The
game requires about 2 GB hard disk space and a performing graphics card. The
game is distributed through the project website (http://www.eightydays.eu).

Fig. 12.15 Screenshot of the 80Days prototype Feon’s Quest—Feon explores Europe
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Economic information: The entire research project was carried out by seven
partners and had a duration of 30 months. The entire project budget was about
3.3 million EUR; however, only a minor part was dedicated to game development.

Quality information: The game was designed with a high demand to graphical
quality and quality of contents, in terms of learning contents as well as 3D assets.
The environment, that is, the surface of Europe is rendered in real time on the basis
of the real geographical data (provided freely by NASA). However, computational
demands are comparably high and the game in itself is not complete (being a
research demonstrator).

Further information: All information about the project, the game and, evaluation
studies are available on the project website (http://www.eightydays.eu).

12.3.4 Roma Nova—Teaching History with CG and BCI

Author: Fotis Liarokapis

Title: Roma Nova

Application areas: Cultural heritage, history, crowd modeling, brain-computer
interfaces

Target user group: Aims to teach history to 11–14 year-old students

Characterizing goal: The goal of the Roma Nova project was two-fold. Firstly, to
test whether serious games that make use of high fidelity graphics can be an
effective means of teaching history to children. The second goal was to test whether
cheap and commercial brain computer interfaces can be used to fully control the
same serious game.

Short description and gameplay: Roma Nova was built on top of the results of
Rome Reborn project. The project aim was to develop a digital reconstruction of
ancient Rome based on reliable archaeological evidence. 32 monuments were
reconstructed at a very high detail. Roma Nova used these high resolution monu-
ments and created a serious game aiming to teach history to young audiences by
means of an original engaging experience where the player is immersed in a crowd
of virtual Romans. Two different versions were developed. In the first version,
players can interact with the Roma Nova game using three different ways based to
the Levels of Interaction (LoI) framework (Panzoli et al. 2010a, b). The game
allows for exploratory learning by immersing the learner/player inside a virtual
heritage environment where they learn different aspects of history through their
interactions with a crowd of virtual Roman avatars. LoI was designed to simplify
the interactions between the players and artificial intelligence avatars. The first level
of interaction offers a living background, enhancing the player’s experience and
immersion. The second level of interaction assigns characters automatically a more
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realistic graphic representation and more complex behaviors. The last level of
interaction uses an agent at the dialogue level to teach the learner (Fig. 12.16).

In the second version of the game, players control the avatar using only brain-
waves. Two different commercial headsets were used (NeuroSky MindSet and the
Emotiv) and a comparison between them was performed. Both systems are capable
of fully controlling the avatar even if they have a completely different configuration
and numbers of sensors. The NeuroSky MindSet uses only one sensor and players
control the avatar by changing cognitive states such as meditation and attention.
The Emotiv prototype has 14 sensors and requires prior training to operate the
device which takes approximately 30–60 min depending on the adaptability of the
user. Most players typically achieve their best results after training each action
several times.

Distribution info: Roma Nova was developed in Unity 3D game engine and it is
available in English. The software is not publically available since it was designed
for research purposes only.

Economic information: The first version of Roma Nova was developed in 2010 as
a collaboration between Coventry University (UK) and the University of Toulouse
(France). The second version was completed in 2013 and was solely developed at
Coventry University. All versions were funded internally and the overall cost of the
whole project did not exceed 10,000 EUR.

Quality information: The final version of the Roma Nova game was evaluated
with 62 participants in open-space laboratory conditions and conference demon-
stration areas. In respect to the first goal, all participants agreed that the use of high
fidelity graphics can be an effective means of teaching history to children. Partic-
ipants noted that realistic games can immerse the player fast and serious games
should focus on that element. The use of the LoI was very interesting and adds

Fig. 12.16 Brain-computer interaction using the NeuroSky MindSet (left), brain-computer
interaction using the Emotive device (right)
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another element of immersion to the players. On the other hand, the main negative
point was that a much more concrete scenario was required. Also, for the LoI more
dialogues were requested similar to commercial computer games.

In terms of the second goal (to test whether cheap and commercial brain com-
puter interfaces can be used to fully control the same serious game), a lot of
interesting results were recorded. For the NeuroSky MindSet device, participants
were allowed 5 min to accommodate with controlling the avatar and around 3 min
to complete the task of arriving at a particular destination. The prototype was tested
with 31 users (60.65 % males and 39.35 % females), across the span of 2 months.
In particular, testing was done at three sites: at a Coventry University computer
games laboratory, the 3rd Phoenix Partner Annual conference, and the
Archeovirtual 2012 International conference. Participants were drawn by the ease of
use of the BCI device for controlling the virtual character via EEG technology.
They viewed the concept as an interesting approach for future gaming scenarios,
categorizing the whole experience as challenging, enjoyable and engaging. In
particular, most participants were immediately engaged with the game and they
wanted to explore the whole virtual city and interact with the artificial intelligent
agents (which were controlled by the computer) to become more knowledgeable
about the history of Rome (Liarokapis et al. 2014).

For the Emotiv device, 31 users (67.7 % male and 32.3 % females) were asked
to provide comments on a questionnaire anonymously after playing the serious
game. The testing was performed in an open-space environment at two locations at
Coventry University: the Serious Games Institute (SGI) and the Department of
Computing. Here, navigating into the game was much easier. It is a clear indication
that it would be better for the training trial to include the components from the game
for the user to get familiarized. Overall, the experience was reported as quite
engaging and interesting regardless of certain issues of response time and accuracy.
As soon as the participants had a profile, level interaction was very satisfactory—
thus improving the learning process in respect to the serious game (Liarokapis et al.
2014).

In terms of quantitative analysis, the Emotiv device proved to be more effective
for controlling the avatar into the serious game and for learning on how to use the
interaction device, whereas the NeuroSky device performed better in terms of
satisfaction of the player. Controlling the character using the Emotiv required less
effort and the performance was also better for the Emotiv. The NeuroSky MindSet
was considered more satisfying, perhaps owing to the immediate use of it due to the
lack of setup as compared to the Emotiv. Learnability was also considered better for
Emotiv, likely due to the same reasons as performance and effort.

Further information: For direct questions, please contact Fotis Liarokapis
(liarokap@fi.muni.cz) from the HCI Lab (http://decibel.fi.muni.cz/wiki/) at
Masaryk University.
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12.3.5 Uni Game—Insights to Universities and Campus Life

Author: Helmut Hlavacs

Title: UniGame

Application areas: teaching, simulation, university, history

Target user group: school students, university students, anybody who wants to
know about the inner workings of a university

Characterizing goal: learn about how a university works, but also about the
multitude of research areas of the University of Vienna

Short description and gameplay: UniGame is a university manager game, created
for the 650th anniversary of the University of Vienna (Austria). The player enters
the role of a rector (president) of a large university and has to decide how to spend
funding provided by the state (country). After haggling with the ministers, the
rector has to agree to achieve certain goals, like creating new buildings, increasing
the number of students, having more scientific discoveries, etc. Also he can hire
researchers, who are supposed to teach students and do research. If there are not
enough teachers compared to the number of students, both teachers and students get
annoyed, and students leave the university, whereas teachers are less effective in
research.

There are five major faculties, represented by knowledge graphs. The graphs
consist of nodes and edges. The nodes and graphs represent by and large the
research areas of the University of Vienna, and there are around 650 nodes. Each
node represents a specific discovery, described by a small text. The task is now to
schedule researchers such that they can discover these nodes, which at the start are
hidden behind clouds representing the unknown future. After some time the next
discovery can be made, and the players have to read the text and answer a question
related to the text.

The task is now to detect all 650 discoveries taken from a vast amount of areas
such as mathematics, computer science, social sciences, physics, astronomy,
chemistry, law, psychology, etc. (Figure 12.17).

Distribution info: The game can be played free of charge at the website http://
unigame.cs.univie.ac.at/

Economic information: the game was financed by the University of Vienna as part
of its 650th anniversary

Quality information: First field tests in the form of qualitative studies have shown
that the game is well received and provides a lot of fun for players.

Further information: The game was created at the Entertainment Computing
research group at the Faculty of Computer Science of the University of Vienna. The
game is available in German only.
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12.3.6 Internet Hero—Learning the Pros and Cons
of the Internet

Author: Helmut Hlavacs

Title: Internet Hero

Application area: teaching, Internet, know-how, dangers

Target user group: children 8–12 years

Characterizing goal: The intention is to get to know how the Internet works, which
dangers lurk, and which services can be used.

Short description and gameplay: The game consists of several minigames
focusing a specific topic around the Internet. The minigames follow an adventure
story of a young boy being dragged into the Internet; he is supposed to save the
Internet, which is under attack by a bad character.

In each minigame, children first hear a short tutorial how the game works.
Entangled to this information the actual information that should be learned is
presented. After going through the tutorial, the respective minigame starts. Mini-
games are diverse and follow many different ideas and game mechanics. The next
minigame is enabled only if a minimum level is achieved (Fig. 12.18).

Distribution info: The game can be played free of charge under http://www.
internet-hero.at/

Economic information: The game was financed by two sequential stipends
donated by the Austrian Internet Service Provider who funded NetIdee. It was
created not only by specific students hired for the project, but also by newcomers as
part of their bachelor degree theses.

Fig. 12.17 The start screen of the UniGame. Players can buy land and build faculty buildings
(left). The main university building (right)
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Quality information: The game was tested with various audiences, and achieved a
high level of entertainment.

Further information: The game was created at the Entertainment Computing
research group at the Faculty of Computer Science of the University of Vienna. The
game is available in German and English.

12.3.7 Yes or Know—Combining Board Games and Smart
Play

Author: Clemens Hochreiter

Title: Yes or Know (Smart Play)

Application areas: quiz, board game, family game

Target user group: deliberately designed to target all ages, age 8 and up.

Characterizing goal: The idea behind “smart play:” Bring the whole family
together to play together again. This is achieved by an intelligent and adaptive
system that combines quiz games, board games, and mobile gaming (Fig. 12.19).

Short description and gameplay: The innovative system uses the intelligent
smartphone, opening up an entirely new dimension of games. The user simply
downloads the free app, puts the smartphone in the smartplay tripod and starts
playing on the board. Thus, even elderly players only used to board game under-
stand the principles. All activties are made on the board and the app only reacts to
the inputs the player has given. In Yes or Know, quiz master Bob will lead you
through the game and asks difficult questions. Players have to guess and estimate
from ten different trivia categories, with more than 2,000 questions. There are tasks
and questions for each age group, so children and teens have a fair chance amongst
their parents, too. The smartplayer manages all points gathered. And the best: The
whole interactive game show is fully and professionally voiced over.

Fig. 12.18 Screenshots of Internet Hero—The SPAM minigame. The task is to decide whether an
email is SPAM or not (left). In a tower defense game, children build defenses against viruses,
worms and trojans (right)
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Distribution info: The game is distributed indirectly via the retail market: Players
need to buy the board game in order to have the app work. The app itself is free.
The game is available on the iOS AppStore and Android GooglePlay. The board
game is produced and distributed by German market leader Ravensburger. The
language is German only.

Economic information: The business model is centered around the idea of gen-
erating revenue by selling board games over retail. The developer itself developed
without royalties on a purely work-for-hire basis. Development costs have been
medium range.

Quality information: The game won the 2014 Award for Best Family Game at the
German Developers Award Show.

Further information: A website about the smartplay concept available at http://
www.ravensburger-smartplay.com/ (German only).

12.3.8 Bionigma—Science Game for Protein Exploration

Author: Martin Hess

Title: Bionigma

Application areas: Citizen Science, scientific games, puzzle games, bioinformat-
ics, multiple sequence alignments

Target user group: Puzzle and casual gamers, as well as amateur scientists of any
age

Characterizing goal: Bionigma aims at the optimization of Multiple Sequence
Alignments of proteins by using human pattern recognition.

Fig. 12.19 Yes or Know: combining board games with smart play. Official box (left), the smart
play system with smartphone holder (right)
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Short description and gameplay: Bionigma is a classical puzzle game. A puzzle
consists of several colored tokens placed on a grid. The goal of the game is to align
similar tokens to each other. The more similar the aligned tokens, i.e., color, shape,
and texture, the higher the player’s reward. The constraints are that tokens can only
be moved left or right and that the order of tokens cannot be changed. In addition,
gaps in the puzzle introduced by moving the tokens are penalized. In order to solve
a puzzle by reaching a level-specific score, the player must find the optimal balance
between rewards and penalties.

As a scientific game, Bionigma serves a specific purpose, namely the opti-
mization of so called Multiple Sequence Alignments (MSA) of proteins. Game
puzzles are abstract representations of these real world biological problems. Here, a
row in the puzzle grid represents a single protein sequence and the colored tokens
inside the corresponding amino acids. By aligning the tokens and maximizing their
score, players help to discover similarities between the protein sequences, which
can be used to analyze evolutionary effects such as coevolution (Fig. 12.20).

To encourage players both to play the game and to optimize their level scores,
Bionigma features a global player ladder, which ranks players according to their
puzzle performance. This performance is measured by the number of puzzles solved
and especially by holding level high scores. Thus further improving puzzles to
reclaim level high scores is very valuable and directly results in improved MSAs. In
order to assist players in improving their alignments, Bionigma features several
interaction and highlighting techniques. For example, players can easily select
tokens by their type, align multiple tokens in a single step, or reset the puzzle to
their highest scoring state. Additionally, similar tokens or those giving low rewards
can be highlighted. While the first option helps to understand which tokens should
be aligned for the highest reward, the latter aids in the identification of suboptimal
aligned and thus improvable regions.

Distribution info: The game can be downloaded and played completely for free.
Downloads for Windows, Mac OS X, and Linux are available on http://www.
bionigma.de/. Supported languages are English and German. Further platforms and
languages may be available in the future.

Fig. 12.20 Screenshots of Bionigma—a level at the beginning (left), solved and improved (right)
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Economic information: Bionigma has been developed in cooperation with the
groups Graphics, Capture and Massively Parallel Computing (GCC), Computa-
tional Biology and Simulation (CBS), and the Institute of Sport Science (IFS) at
Technische Universität Darmstadt, Germany. The project was funded by a grant of
the Forum for Interdisciplinary Research at Technische Universität Darmstadt,
Germany.

Quality information: Bionigma was continuously evaluated during its develop-
ment considering game mechanics and experience as well as usability. The first
game prototype was tested in a study with 20 persons (6 female, 14 male; age 22–
34; background in biology n = 11, computer science n = 8 and educational science
n = 1; No prior experience in computer games n = 5). Results showed that the
game is visually appealing, fun to play, and delivers a good game experience, but
can still be improved especially regarding immersion and flow (Hess et al. 2014).

Building upon these results, Bionigma was further improved especially in its
visual representation, game mechanics, and usability. Two follow-up studies
showed that these improvements increased the game experience and the fun in
playing the game.

Further information: For questions about the game, please email info@bionigma.
de. Further scientific information about the underlying project Serious Games for
Bioinformatics, as well as publications and contact information: http://www.
bionigma.de/.

12.3.9 Meister Cody—Educational Game for Dyscalculia

Author: Markus Schütze, Ulrich Schulze Althoff

Title: Meister Cody—Talasia

Application areas: education, e-health

Target user group: elementary school students with math weakness/dyscalculia

Characterizing goal: identifying dyscalculia and therapeutically helping children
master it (Fig. 12.21)

Short description and gameplay: Meister Cody—Talasia is an online screening
test and learning game for second to fourth grade elementary school children with
math weakness or dyscalculia. It is based on the CODY-project initiated by the
University of Münster. First, the scientifically validated test is used to reliably
identify dyscalculia and math weakness. Then children train in the magical world of
Talasia. The wise leader character, Meister Cody, sends them on an epic journey to
save the country. In order to proceed with the story, children will have to master a
variety of over 20 therapeutic exercises. To make the training as efficient as pos-
sible, the game engine monitors children’s improvement and delivers results to the
parents, teacher and/or therapist. Depending on this data the level of difficulty of
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each training session will constantly adapt daily to the child’s personal skills. In
addition, the data allowed researchers to identify four types of dyscalculia profiles
and deliver all users a custom training experience and tutorials that automatically
start when a child experiences a challenge.

Distribution info: Meister Cody is available as a download for Windows, Mac
(Mac App Store), iPad (iTunes App Store), and Android devices (Google Play
Store). The download and first training module (which also includes the screening
test) are free. After the free trial, parents sign up for a monthly subscription. Schools
purchase annual contracts that auto-renew.

Economic information: Meister Cody is based on a research project called
CODY that is managed by the Institute of Psychology at University of Münster in
Germany. Thanks to Prof. Dr. Heinz Holling (Institute of Psychology) and
Dr. Christian Dobel (Institute for Biomagnetism and Biosignalanalysis) for
receiving grants valued over 750,000 EUR. Financial support is provided by the
German Ministry of Education and Research.

Quality information: Scientific evaluation of the learning outcomes that were
achieved by playing the game was conducted and published by the Institute of
Psychology, WWU Münster. In one study, 1,175 German elementary school
children (grades 2–4) were administered the CODY test between September 2012
and September 2013. Four key training tasks were evaluated in a randomized
controlled trial with three groups: (1) CODY training, (2) training for inductive
reasoning, (3) control group. A group of children with dyscalculia was assigned at
random to one of the following groups: (1) children who trained with the first
CODY version for 30 days for 20 min per day, (2) completed 30 days of inductive

Fig. 12.21 Screenshot of Meister Cody’s story-based gameplay environment
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reasoning training, (3) control group. A subset of these participants took part in an
additional experiment to measure brain activity through Magnetoencephalography
(MEG) at the time of number crunching.

A previous study of the CODY test took place with 68 German children. Results
of the study are published (Kuhn et al. 2013).

While still in its beta phase, the game won the Vodafone Innovation Award 2013.
The jury consisted of high-level experts fromVodafone and the IT sector who praised
in particular the “innovative solution, which makes it possible to use and experience
the potential of mobile communication and networking.” In October 2014, Meister
Cody—Talasia won Germany’s prestigious GIGA-Maus award for “best math
learning program for children from six to ten.” The game also won “Best Multi-
platform Title” and “Best Overall Game” at the 8th European Conference on Games
Based Learning (ECGBL 2014). In 2015, the game was honored with the Silver
Medal at the Serious Play Awards in the United States, the eco Internet Award (Best
Game), and the Dyslexia Quality Award. The leadWWU researcher, Dr. Jörg-Tobias
Kuhn, was editor of the Developmental Dyscalculia issue of Zeitschrift für Psy-
chology (Magazine for Psychology). Two CODY articles are published in this
academic magazine (Kuhn 2015; Kuhn et al. 2015). His team began a research study
in German schools in Fall 2015. Meister Cody—Talasia is also being piloted by
primary schools in Finland.

Further information: For development, marketing, sales, and/or distribution
questions, please contact Markus Schütze at Kaasa health, +49 211 730 635 11,
markus.schuetze@kaasahealth.com or visit http://www.meistercody.com. For sci-
entific or research questions, please contact the CODY project team at WWU, +49
251 83 34320 or cody@uni-muenster.de.

12.4 Games for Health

12.4.1 Play Forward—HIV Prevention

Authors: Kimberly Hieftje, Lynn Fiellin

Title: PlayForward: Elm City Stories (PlayForward series)

Application areas: Risk behavior reduction, HIV/STI prevention in young
adolescents

Target user group: young adolescents, age 11–14 years

Characterizing goal: aims to provide young adolescents the opportunity to acquire
and practice skills for risk reduction and HIV/STI prevention (Fig. 12.22)

Short description and gameplay: PlayForward is an interactive, role-playing
videogame designed for young adolescents to gain knowledge and practice skills
needed to make good decisions related to alcohol, drugs, and sex. In the game, the
player must guide their character, or Aspirational Avatar, that they have created
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through middle and high school, while negotiating challenges that require them to
make decisions that have both short and long-term effects on their Avatar’s future.
As the game progresses, the player is able to see how each decision affects their
Avatar’s life, and can subsequently go back in time, change their decision, and see
how a different action might lead to a different outcome. PlayForward allows
adolescents to experience negative consequences related to risk behaviors in a safe,
virtual environment, while giving them the tools to acquire and practice skills
needed to avoid or reduce the risk behaviors in real life.

Distribution info: PlayForward is available in English on iOS and Android tablets,
PC, and Mac. Currently, the game is part of a large randomized controlled trial
(RCT) and is not available to the public for purchase or download, but is expected
to be available mid-year 2016. To learn more about this game and associated
research studies, visit http://play2PREVENT.org.

Economic information: Funded by the Eunice Kennedy Shriver National Institute
of Child Health and Human Development (USA) (NICHD R01 HD062080-01:
Principal Investigator, Lynn Fiellin, MD), PlayForward was developed by the
play2PREVENT Lab at Yale University School of Medicine (USA) in conjunction
with Schell Games (schellgames.com) and DigitalMill (dmill.com).

Fig. 12.22 PlayForward: Elm City Stories main screen
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Quality information: A multidisciplinary team of individuals with expertise in
HIV, health behavior, addiction, pediatrics, community-based participatory
research, community psychology, education, clinical psychology, social psychol-
ogy, and serious and commercial videogame design and development contributed to
the development of PlayForward. Additionally, the play2PREVENT Lab partnered
with over a dozen community schools and after school programs in the greater New
Haven, Connecticut area and has involved over a hundred young adolescents,
school and after school program directors, community partners, teachers, and
parents in the development of the game.

PlayForward is currently being evaluated in a large randomized controlled trial
with 333 young adolescents aged 11–14 years old. The study is examining a range
of outcomes including knowledge, intentions, self-efficacy and actual behaviors and
data is being collected at baseline, 6 weeks, 3, 6, 12, and 24 months. The
play2PREVENT team will examine these outcomes using an experimental group
(adolescents playing PlayForward) compared with a control group (adolescents
playing a set of off-the-shelf games). Data is currently being collected for the
24-month time period, with the study expected to be complete by June of 2016.
Qualitative interviews were also conducted with adolescents that played PlayFor-
ward, and data was collected on their gameplay experience.

Preliminary data comes from an early cohort of 198 adolescents enrolled in the
RCT, in which 161 had completed 6 weeks of gameplay and 125 had completed
3-month follow-up assessments. There were no significant baseline between-groups
differences on a 22-item assessment of HIV risk-related knowledge. After 6 weeks
of gameplay, the intervention group had higher knowledge scores (mean = 15,
S.D. = 4.8) than the control group (mean = 12.5, S.D. = 4.5; p < 0.001) at 6 weeks
and at 3 months (mean = 14.4, S.D. = 5.5 vs. mean = 12.5, S.D. = 4.7; p < 0.04).
Analysis of 1,289,903 events in logfiles revealed that the number of game levels
completed was positively correlated with knowledge gains measured at 6 weeks
(r = 0.32; p < 0.005) and at 3 months (r = 0.42; p < 0.001).

Notably, the majority of teens reported enjoying playing the game (79 %), liked
the way the game looked (84 %), and felt they would make decisions in life like
they made them in the game (79 %) and felt responsible for the choices they made
(88 %).

In 2013, PlayForward won the Gold Medal Award in the Healthcare/Medical
category at the International Serious Play Conference at DigiPen Institute, the
Pittsburgh Technology Council’s DATA Award for the Joystick Category, and
received a 3-year certification from the International Serious Play Award Program
for meeting the criteria for titles having a high quality standard.

Further information: For more information regarding PlayForward and its
associated research study or to learn more about other projects at the play2PRE-
VENT Lab, visit play2PREVENT.org or contact the team at play2PRE-
VENT@yale.edu.
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12.4.2 Respir Games—Asthma Therapy

Author: Peter Bingham

Title: RespirGamesTM—Spirometer

Application areas: health game, exergame, breath awareness, respiratory muscle
training, heart rate variability training, deep inspiration pacing, post-operative
atelectasis

Target user group: Pediatric Asthma, Muscular Dystrophy, Chronic Obstructive
Pulmonary Disease, Chronic Lung Disease, Breath Interoception training enthusi-
asts, athletes

Characterizing goal: Personalized improvement of pulmonary function and breath
awareness/interoception

Short description and gameplay: RespirGames consists of software that can be
used on mobile or desktop platform. The software is used with a separately pur-
chased, off-the-shelf spirometer, a device that measures breath flow and volume,
and that is used as the Respirgames controller. Depending on the health goal, the
player competes against himself as he/she encounters one of three scored chal-
lenges: (1) tracking—track a moving target (or evade obstacles that move across the
screen, or navigate a maze); (2) forced exhalation—exhale with maximum force in
a single maneuver; or (3) deep inspiration—render a maximal inhaled volume from
full exhalation. Depending on the challenge and associated game scenario, the
player, by intentionally controlling or “maneuvering” his/her own breath flow rate,
is paced through various breath “gestures” rendered as visual (on-screen) or
acoustic events. In a breath-tracking accuracy scenario, the player is paced to
increase the precision with which they track a moving “coach” object (Fig. 12.23).

Distribution info: RespirGames is not yet ready for commercial distribution. An
English, iOS-compatible version will be accessible via download (free-
$15/download).

Fig. 12.23 Clinical Spirometer adapted as a Bluetooth-enabled Respirgames controller—
NIH/NHLBI Grant “Breath controlled Computer Game Controller for Asthma Therapy”
R43HL103370 (left), Respirgames created with a grant from the Robert Wood Johnson
Foundation for children with cystic fibrosis (middle and right). The game includes both Type 1, 2,
and 3 challenges as outlined above
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Economic information: RespirGames is a privately held, for-profit startup with an
exclusive license to patented technology held by the University of Vermont (Breath
biofeedback Method and System, US Patent No. 7,618,378, November 17, 2009 is a
patent held by the University of Vermont; Peter Bingham, Jason Bates, inventors).
The technology was developed and tested through research at the University of
Vermont, and with support ($500,000 USD) from the NIH (National Heart, Lung,
Blood Institute) and from the Robert Wood Johnson Foundation (USA).

Quality information: RespirGames was initiated in a pilot study in 2011. 11 in-
patient suffering from pulmonary exacerbations of cystic fibrosis engaged with a
target tracking game (Type 1 Challenge as outlined above). This initial study
demonstrated a novel type of learning that entails improved eye-breath coordination
(Bingham et al. 2010). In a subsequent field trial with 19 subjects with cystic
fibrosis, subjects engaged spontaneously with a game in their home environment of
a *3 week period, and engaged more frequently with airway clearance breath
maneuvers (forced exhalations) that had previously been recommended by respi-
ratory therapists, and to which, at baseline, they had been chronically, poorly
adherent (Bingham et al. 2012). Qualitative, interview explorations structured
around Self Determination Theory with pediatric cystic fibrosis as well as asthma
subjects have shown a positive alignment with users’ knowledge, attitudes, and
beliefs with values incorporated into RespirGames as a consumer product/health
aide (Bingham and Meyer 2011).

Further information: See reference list. Inquiries may be directed to RespirGames
Principal Dr. Peter Bingham at Peter.Bingham@uvmhealth.org.

12.4.3 BalanceFit—Balance, Coordination and Strength
Training

Authors: Sandro Hardy, Stefan Göbel

Title: BalanceFit

Application areas: health game, exergames, balance training, fall prevention

Target user group: individuals/private persons at home; institutions such as hos-
pitals, therapy studios, or elderly care houses

Characterizing goal: aims to improve the coordination, strength and balance of
users (players, patients)

Short description and gameplay: BalanceFit resembles classic wooden
maze-and-ball-games. The goal of the exergame is to navigate a ball through a maze
into a target. The maze is presented on a screen and the player steers the game by
moving the center of pressure (COP) of his body intentionally. The maze consists of
walls which facilitate the task and game features which increase the difficulty of the
game such as round and rectangle open spaces to fall through or bridges and narrow
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passages which need higher accuracy in steering. As input control, a regular Nin-
tendo Wii Balance Board is used, which has four pressure sensors, one at each of its
edges, which allows measuring the weight distribution of the player standing on the
board. Optionally, the balance board is integrated into a robust installation offering
more stability for users with gait impairments or difficulties in standing. Based on
the weight distribution the COP is calculated. If the player moves in a specific
direction, the COP also moves in this direction. Accordingly, the virtual maze is
rotated into the same direction and the virtual ball follows (Fig. 12.24).

BalanceFit provides a configuration tool (for individual players or therapists)
that allows game adaptation of visual style and difficulty (defined by the layout of
the labyrinth and the sensitivity of the controller). Automatic difficulty adjustment
of the game is offered in customized versions of BalanceFit for dedicated user
groups. In general, the system can be used by agile and fit users as well as by
gait-impaired users (with a standing frame as hardware to provide stability)—and
even by wheelchair drivers (Hardy et al. 2013).

Distribution info: BalanceFit is available in German and English and runs on all
platforms supporting Unity3D (users need to install the Unity plugin, available for
free). The game is accessible for download at http://www.spielend-fit.de. A public
version for non-commercial purposes is available for free. Personalized versions for
institutions (e.g., elderly care houses, physiotherapy studio), associations, etc. are
implemented as contractual work (projects) for *10,000 EUR, depending on the
user-specific requirements of customized version.

Economic information: BalanceFit has been developed by the Serious Games
group located both at the Hessian Telemedia Competence Center (httc) and the
Multimedia Communications Lab of Technische Universität Darmstadt (TUDA
KOM) in Germany. The development of the first prototype version was supported
by the Wilhelmine Thoss Foundation (10,000 EUR); later versions were further
elaborated in the course of strategic research and education/practical courses at httc
and TUDA KOM.

Quality information: BalanceFit was initiated in 2011 and tested with different
users and user groups, among others student groups as well as seniors from the
elderly care house “Emilstraße” an institution of “Klinikum Darmstadt” (hospital).

The influence of individual game features on the perceived difficulty posed on
the player has been investigated within a study with 44 students (28 female, 16

Fig. 12.24 BalanceFit’s main menu, configuration tool, game level 50, setup (from left to right)
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male; age 18–42; background in psychology and computer science). Results
showed a significant influence of single features on psychological (motivation,
difficulty) and physiological constructs (performance, needed time) (Hardy et al.
2014a).

The acceptance of the prototype BalanceFit has been evaluated with 30 seniors
from the Emilstraße (residents’ home for elderly) for a time period for more than 1
year. Qualitative analyses (interviews and observations) underlined that the visual
style and the sensitivity (difficulty level, sensitivity of control/pressure sensors) play
an important role for the accessibility of the overall system. By changing the visual
style and increasing the contrast, BalanceFit can be adapted for people with visual
impairments. Adjusting the sensitivity of the control allows the game to be played
by seniors with heterogeneous skills/impairments. This way, young and fit people,
as well as people with small and bigger gait impairments, can play the game. Even
wheelchair drivers are able to play BalanceFit as long as their legs are not com-
pletely paralyzed. The most important results of the study are that all participants
enjoyed playing BalanceFit and had no major problems in using the system (Hardy
et al. 2013). Another important outcome results from another study published by
Hardy et al. (2014b) where both young and elderly people state that they would
fully accept the game as an appropriate kind of training.

Further information: BalanceFit is available for download at the website http://
www.spielend-fit.de hosted by httc. Further scientific information and publications
are available at the KOM website http://www.kom.tu-darmstadt.de (research area
on multimedia technologies and serious games). For direct questions, please contact
Sandro Hardy and/or Stefan Göbel from the serious games group at httc and KOM.

12.4.4 Dance with ALFRED—Collaborative Dancing

Authors: Tim Dutz, Siavash Tazari, Stefan Göbel

Title: Dance with ALFRED (public version: Dancicians)

Application areas: Health game, exergame, social awareness

Target user group: although designed to be enjoyed by a wide variety of people,
its primary target user group is the elderly.

Characterizing goal: aims to motivate those suffering from a lack of movement to
accustom themselves to physical motion, in a manner that is considered social and
entertaining. The social aspect of the game is underlined by a multi-player-centric
game design, allowing participants to play side by side, cooperating and competing
at the same time.

Short description and gameplay: In classic, non-serious game terminology,
Dance with ALFRED is a rhythm-action game, where the player is challenged to
execute moves in accordance to the rhythm of music. Aspects that set it apart as a
one-of-a-kind serious game are considerations about accessibility, target audience
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capabilities and social interaction in close proximity. Accessibility is enhanced by
developing Dance with ALFRED specifically for smartphones, which is, in this day
and age, in possession of most people in most Countries. Player movement is
registered via the accelerometer of the smartphone. No further device is required to
play; though, a wireless internet connection is necessary for multi-player. Con-
sidering the capabilities of seniors, the game offers three difficulty settings, with the
easiest setting suitable even for persons with low agility and capacity of reaction.
Furthermore, there are five different songs available to dance along to; each from a
different genre, not only to satisfy different tastes, but also to offer various
rhythm-tempos to make the desired challenge even more customizable. Dance with
ALFRED is especially geared towards playing with a group in the same room. Each
participant is responsible for the sound of an instrument or a set of instruments—
very similar to a music band—and with a bit of practice, they perform synchronized
moves that resemble a group dance, which could even be entertaining for
non-participants in the room (Fig. 12.25).

Gameplay evolves during dance moves at the right times in order to sustain the
sound of each of the instruments of a song. In this regard, Dance with ALFRED is
not only about dancing, but also about provoking the feeling of making music.
Possible moves are stepping left, right, up or down, as well as half and full rota-
tions. The set of moves is limited intentionally to facilitate accessibility. Player
interaction is cooperative in the sense of trying to accomplish a good group per-
formance, and competitive by enabling individuals to compare their scores with
each other.

Distribution info: Dance with ALFRED is currently still in development, but the
public version (Dancicians) is planned to be released soon on the Google Play Store
for free. As part of the ALFRED project, Dance with ALFRED will be available on
a personalized mobile device for assisting elderly people (more information about
the ALFRED project at: http://alfred.eu/). Only the game menus are
language-dependent. Although all menu options are originally defined in the
English language, they automatically become translated to another language based
on personal smartphone settings.

Economic information: Dance with ALFRED is being developed by the Serious
Games group located at the Multimedia Communications Lab of Technische
Universität Darmstadt (TUDA KOM) in Germany and is funded by the European

Fig. 12.25 Dance with ALFRED instrument selection, game instructions, play (left to right)

370 S. Göbel

http://alfred.eu/


Commission. The project is funded with *4 million EUR, but only a minor part
(less than 50,000 EUR) is allocated for the development (and extension) of five
(existing) health game apps provided by TUDA KOM.

Quality information: Dance with ALFRED was initiated in 2014 and tested with
different users and user groups all across Europe, among others student groups as
well as seniors. Test reports of initial feasibility studies indicated that almost all
participants have been enthusiastic about the game. Comments have been positive
about the provided motivational push to perform physical exercises. The younger
users, besides delivering necessary feedback to improve the visual appeal of the
game, have shown more interest towards the higher difficulty settings, whereas the
older users, partially over the age of 80, preferred the medium to low challenge
levels. Additional feedback has influenced the set of available moves, the trans-
mission of information through the graphical user interface, the choice of colors and
further visual aspects, among other qualities.

Further information: Complementing scientific information and publications are
available at the KOM website http://www.kom.tu-darmstadt.de (research area on
multimedia technologies and serious games). For direct questions, please contact
Tim Dutz and/or Stefan Göbel from the serious games group at KOM.

12.4.5 NeuroVitAALis—Personalized Cognitive Training

Authors: Elke Kalbe, Christian Reuter, Stefan Göbel, Josef Kessler & Gisa Baller

Title: NEUROvitAALis

Application area: personalized cognitive training

Target user group: (1) healthy elderly people (2) patients with cognitive impair-
ment, e.g., mild cognitive impairment or early dementia.

Characterizing goal: cognitive training to (1) prevent cognitive decline in healthy
aging and (2) to treat cognitive impairment and prevent further cognitive decline

Short description and gameplay: NEUROvitAALis is a scientifically based, per-
sonalized cognitive training program that offers a guided training mode as well as
the possibility to choose a combination of training tasks freely. Before training
starts a cognitive screening test is conducted which results in recommendations on
the type (three types of training are available with different combinations of tasks)
and the starting level of the training.

The guided training mode includes a 6-week program with three training ses-
sions per week, each one for 40 min. After these 6 weeks, all cognitive exercises
are available, and the individual can choose them freely. The program includes five
complex tasks with different difficulty levels (between 12 and 24 levels). The
program adapts to the individual performance level so that the individual always
trains at the personal limit, resulting in a maximum training success. It uses con-
trolled randomization in order to reduce repetition during long term usage.
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The tasks are category memory (matching and memorization of cards), city plan
(putting a map together and finding the quickest route), think differently (recog-
nizing shapes in a timely manner), plan a day (creating a schedule), and word
fluency (finding fitting words). With these tasks, the program trains the
age-sensitive cognitive domains learning and memory, working memory, planning
and reasoning, word fluency, attention, and visuospatial processing. Besides these
tasks, each training session includes a psycho-educational video with useful
information, e.g., on the brain and brain functions or the optimization of higher
cognitive functions, as well as advices for the everyday use of cognitive strategies.
Importantly, for patients with mild dementia for which some of the regular task
might be too demanding, the program offers the opportunity to conduct biography
work. For example, individual photographs can be uploaded by relatives, and these
pictures are transformed into puzzles with different complexity, so that the patient
can train his or her memory and, at the same time, individual memories are acti-
vated. Several screenshots are depicted in Fig. 12.26.

Fig. 12.26 Upper row (left) front page of the NEUROvitAALis program; (right) the main menu: a
training task, a psycho-educational video, hints for improving everyday cognition, feedback on
performance in the training tasks, or program adjustments can be chosen as options; lower row:
(left) screenshot of the game city plan which trains planning abilities and visuospatial processing;
(right) screenshot of the game category memory (e.g., the word “professions” corresponds to the
picture of a postman) which trains learning and memory as well as executive functions (building
associations)
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Distribution info: The cognitive training program NEUROvitAALis is available as
prototype for iOS in German and is currently being tested with end users in the
course of the research project NeuroCare, funded by the German Ministry of
Education and Science. Distribution information and availability for other platforms
like Android or PC will be available at http://neurocare-aal.de/. The original (paper
and pencil) version of the cognitive group training NEUROvitalis (Baller et al.
2010) is available at http://www.prolog-therapie.de (*230 EUR).

Economic information: NEUROvitAALis has been developed within the Neuro-
Care project, at the University Clinic Cologne, Germany (Department of Medical
Psychology & Center for Neuropsychological Diagnostics and Intervention;
Department of Neurology) together with the Multimedia Communications Lab of
Technische Universität Darmstadt, Germany, and Prolog GmbH. The exact price
for the digital game will be negotiated among the partners of the NeuroCare project
consortium involved in the development of the game.

Quality information: A randomized controlled trial (RCT) to examine the efficacy
of NEUROvitAALis is currently being conducted at the Department of Medical
Psychology, Cologne, Germany. Several studies exist that demonstrate the efficacy
of the original group training program NEUROvitalis in enhancing cognition in
patients with Parkinson’s disease in the short-term (Petrelli et al. 2014) and the
long-term (Petrelli et al. 2015) as well as in patients with mild cognitive impairment
(Rahe et al. 2015a, b). Furthermore, a study comparing pure cognitive training with
NEUROvitAALis with a variant that adds physical activity to the program (NEU-
ROvitAALis plus) demonstrates that both variants lead to cognitive gains in healthy
elderly subjects (Rahe et al. 2015a).

Further information: Website http://neurocare-aal.de/ for the NeuroCare project,
personal contact: Elke Kalbe, Ph.D. (role: concepts, efficacy studies), elke.kal-
be@uk-koeln.de, phone: +49 221 47896244; Gisa Baller (concepts), Josef Kessler
(concepts/testing), Christian Reuter and Stefan Göbel, Ph.D. (TU Darmstadt,
Serious Games group, development, http://www.kom.tu-darmstadt.de/serious-
games), christian.reuter@kom.tu-darmstadt.de, Oliver Schmid, publisher, Prolog,
http://www.prolog-shop.de/

12.4.6 KickAss—Autism Game for Adolescents

Authors: Roman Schönsee, Michael Bas, Rens van Slagmaat

Title: KickAss

Application areas: Online therapy, adolescents, autism

Target user group: Adolescents with autism

Characterizing goal: Support adolescents with autism spectrum disorder to better
deal with difficult social situations; Provide peers of adolescents with autism
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spectrum disorder with more insight and understanding about the goals and chal-
lenges of the player.

Short description and gameplay: This game is created by ranj and commissioned
by Cooperation E-lab Autism (Netherlands). The primary goal of this game is to
give adolescents with autism insight in their behavior in difficult social situations
and provide them with strategies to cope with these situations. The game provides
them with a safe environment in which they can experiment with how to react in
these situations and what the consequences of those reactions are (Fig. 12.27).

At first, the player creates a personal profile. This provides insight in their
planning, flexibility, control, and initiative skills. Based on this, they set their
personal learning goals.

During the game, the player is faced with different social situations and con-
fronted with his or her choices straightaway. An evaluation moment asks the player
to share thoughts and feelings about the dilemma. At the end of the dilemma the
player sees an overview of the choices made during the situation and is asked if the
personal learning goal has been met. These situations can be replayed to experience
different outcomes and new insights in a safe environment.

A logbook will keep track of their activity, progression and lists achievements.
The log also lists likes and compliments from their peers. Peers themselves can also
keep track of a player’s progression and can even experience the same social
situations the player played through. The player can decide who to nominate as
peer.

Fig. 12.27 KickAss—situational choice
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Distribution info: The game is in Dutch. It is possible to get a demo version at
https://www.mentaalbeter.nl/. Furthermore, it is possible for mental health care
institutions to join this project and use this game online.

Economic information: The game is developed by ranj in co-operation with GGzE
(mental healthcare organization), Leo Kannerhuis Nederland (centre for autism),
and a group of adolescents. The game development has been supported by the
health insurance company CZ.

Quality information: KickAss is linked to the E-Mental Platform used by thera-
pists. Supervisors of the adolescents with autism spectrum disorder can use the
Therapist module tool to get an insight into the activities and progression of the
player.

Further information: http://www.ranj.com

12.4.7 Zirkus Empathica—Autism Game for Children

Authors: Simone Kirst, Dietmar Zoerner, Ulrike Lucke, Isabel Dziobek

Title: Zirkus Empathico

Application areas: psychology, emotions, empathy

Target user group: Children with autism

Characterizing goal: Training of socio-emotional competencies in pre- and ele-
mentary school children with autism to foster everyday social interaction and
communication skills (Fig. 12.28).

Short description and gameplay: The mobile application Zirkus Empathico fol-
lows a holistic approach to effectively foster social behavior in autistic children.
Different emotional and empathic competencies are trained separately in four
training modules and generalization into daily life is aimed at with the app’s fifth
module. Naturalistic film clips showing dynamic emotional expressions of children
and adults as well as emotional situations and events (“context films”) are used to
convey five basic emotions (joy, sadness, anger, fear, surprise) and one neutral
state.

In Module 1, the user is asked to recognize and verbalize own emotional states,
which are induced by the context films. The adequate processing of one’s own
emotions builds the foundation for the correct understanding of other’s emotions
and prosocial reactions, with these empathic capacities being explicitly trained in
Modules 2 and 3. Addressing cognitive empathy, Module 2 strengthens the
recognition of other’s emotions from facial expressions. Module 3 complements
this skill by training the understanding of emotional cues in contextual information
(e.g., thunderstorms evoke fear; receiving a gift induces happiness). Finally,
Module 4 focuses on emotional empathy: one’s own emotional feeling elicited by
somebody else’s emotional state needs to be recognized (e.g., I feel sorry because
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another person is sad). In this module, the practicing child is also demanded to
select an appropriate action in response to emotional states of self and other (e.g.,
console another person). Finally, Zirkus Empathico allows for transferring the
targeted empathy skills into daily social life by providing a generalisation module,
which aids in visualizing and communicating one’s own and other’s emotions.

Distribution info: Zirkus Empathico is in a pilot project phase. Currently, an
evaluation with children with autism spectrum disorder is carried out in order to
determine training efficacy and to analyze design issues. For a demonstration of the
app please visit: http://www.zirkus-empathico.de/

Economic information: The software was developed as a psychological research
instrument by the Social Cognition group of the Berlin School of Mind and Brain at
Humboldt-Universität zu Berlin in cooperation with the Complex Multimedia
Application Architectures group at the Department of Computer Science at the
University of Potsdam, Germany. Based on the current intervention study run by
the Social Cognition group (see below), further development of the prototype
towards a fully applicable and adaptive training program is planned to be realized
within the next years.

Quality information: With the mobile application Zirkus Empathico, the first
IT-based realiation of a holistic and naturalistic concept to foster socio-emotional
competencies in young children was implemented (Kirst et al. 2015). The concept is
based on contemporary research findings demonstrating relationships between
emotional, empathic, and social-cognitive competencies (Decety and Lamm 2006)
and their trainability in clinical groups. Pilot testing of the app with 10 typically

Fig. 12.28 Zirkus Empathico—Tasks of module 1–4 and generalization module (5)
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developed children revealed good usability and comprehensibility of the app. In the
current intervention study (October 2015—October 2016), realized as a random-
ized, controlled trial, approximately 70 children with autism will be included and
receive the training for 8 weeks to validate the app as a therapeutically applicable
tool for autism-specific therapy.

Further information: For more information, please contact Isabel Dziobek (isabel.
dziobek@hu-berlin.de) or Simone Kirst (simone.kirst@hu-berlin.de) for questions
regarding the therapy concept and Ulrike Lucke (ulrike.lucke@uni-potsdam.de) for
questions regarding app development.

12.4.8 SPARX—Mental Health Game for Youths &
Adolescents

Authors: Mathijs Lucassen, Sally Merry, Karolina Stasiak, Theresa Fleming, Matt
Shepherd, Karen Carter, Johan Strydom, Angela Chong, Chris Bullen

Title: SPARX (smart, positive, active, realistic, x-factor thoughts)

Application areas: serious mental health game; treatment of adolescent depression;
assists young people who are feeling “stressed and down”

Target user group: SPARX was designed for use by young people 12 to 19 years
old with depressive symptoms. SPARX can be used as a stand-alone self-help
therapy, or as an adjunct to traditional face-to-face counseling/therapy. A version
for all young people, with the aim of enhancing resiliency is in the development
phase (SPARX-R). A version has been developed for sexual minority young people
(e.g., homosexual and bisexual youth and those questioning their sexuality) called
Rainbow SPARX.

Characterizing goal: Reductions in depressive symptoms and/or increased skills at
managing low mood

Short description and gameplay: SPARX is a computerized self-help program
(specifically a form of computerized cognitive behavioral therapy) for the treatment
of depressive symptoms, and SPARX uses the medium of a fantasy world, where
the user’s avatar is faced with a series of challenges to rid a virtual world of gloom
and negativity. The program uses appealing graphics and interactive exercises to
engage users. Each of the seven modules takes approximately 30 min to complete,
and modules have a direct teaching component—where skills from the fantasy
world are applied to real life. SPARX is delivered online and can be supplemented
with a paper-based user notebook (Fig. 12.29).

Distribution info: SPARX is freely available in New Zealand, where the Prime
Minister’s Youth Mental Health Project funded its rollout. Auckland Uniservices
(the commercialization arm of the University of Auckland) manages the interna-
tional distribution of SPARX. SPARX has been translated into Dutch and is in the
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process of being translated into Japanese. Research projects utilizing SPARX have
been completed in New Zealand, Australia, and the Netherlands.

Economic information: The initial development and evaluation of SPARX was
funded by the New Zealand Ministry of Health. The subsequent rollout of the
program in New Zealand has been funded by the Prime Minister’s Youth Mental
Health Project.

Quality information: Over a dozen peer-reviewed academic journal articles have
featured SPARX. The seminal evaluation of SPARX, demonstrating its effective-
ness, was based on a large randomized controlled non-inferiority trial published in
the British Medical Journal (Merry et al. 2012). In this study, 187 adolescents aged
12–19 years seeking help for symptoms of mild-to-moderate depression, and
deemed in need of treatment by their primary healthcare clinician, were randomly
allocated to SPARX or usual care. Per protocol analyses (n = 143) showed that
SPARX was not inferior to treatment as usual. Additional studies highlighting the
acceptability and usefulness of SPARX have been completed with young people
excluded from mainstream educational settings (Fleming et al. 2012), sexual
minority youth (Lucassen et al. 2015), and Māori young people (Shepherd et al.
2015). SPARX has featured in several key reviews of computerized therapies for
children and young people with mental health difficulties (e.g., Fleming et al. 2014).
SPARX has also won several international awards, in particular a World Summit
Award in 2011 (under the auspices of United Nations) for the best e-content in the
category of health and education, and a digital award from Netexplo, a “global
observatory on digital society,” hosted by UNESCO. This award was presented for
projects that Netexplo call “the 10 most innovative and promising digital initiatives
of the year” in 2014.

Further information: For further contact go to https://sparx.org.nz/ or email
sparx@auckland.ac.nz.

Fig. 12.29 SPARX—main characters
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12.5 Societal and Public Awareness Games

12.5.1 Missio for Life—Exploring the World’s Social
Problems

Author: Clemens Hochreiter

Title: missio for life

Application areas: interactive learning course, augmented reality, global learning

Target user group: schoolchildren age 12 and over

Characterizing goal: According to global learning the purpose of the game is to
give pupils an idea of the world’s social problems, especially in India and the
Philippines. At the same time, we outline the strength of solidary commitment is
outlined.

Short description and gameplay: When entering the environment of the exhibi-
tion, each group gathers an iPad that guides them interactively through a set of
sceneries and games and a compelling storyline (Fig. 12.30).

missio for life is much more than just another serious game or exhibition. It
combines virtual and tactile worlds in complete new way never used for educational
games before. Players find real sets with tactile experiences, which are connected to
their experience on the iPad screen. They need to work together and interact with
both worlds in order to succeed. A QR-Code scanner interface enables them to scan
all the different exhibits right into their virtual inventory to solve puzzles. A so-
phisticated routing system enables storylines to be experienced by several groups
simultaneously enabling a huge player throughput in a defined time frame. Special
effects like artificial fire provide for even more involvement.

Through emerging the game world of Renu, Mercedes and Paulo the pupils are
able to see the characters motives in a greater picture and discuss them. The three
protagonists’ lives question general things like social injustice and human dignity.

Distribution info: The exhibition targets German pupils above the eighth grade and
is built directly on school grounds (100 m2 required). Pupils are to explore the
exhibition for 90 min, supervised by a pedagogical expert.

Fig. 12.30 Missio for Life—Props, like in the kitchen scene, extend the virtual world to the real
world (left), kids virtually “cook” with the iPad in a “real” kitchen (middle), trust the police or try
to escape? Finding the right path can be difficult (right)

12 Serious Games Application Examples 379



The exhibition will charge 150 EUR plus running costs for catering and an
overnight-stay. Missio München will provide teaching materials for further work,
e.g., background information about the protagonists, or material for discussions
about daily problems like gender (in)justice.

For more information concerning the exhibition and booking information, go to
http://missioforlife.de/

Economic information: missio for life is a unique interactive exhibition developed
by Reality Twist GmbH, in cooperation with benninger.eberle (http://www.
benninger-eberle.de/) and produced by missio München. Missio has no financial
interest with the project. It is sufficient if booking revenues pay for running costs.
Funding has been achieved by education subsidies available at missio München.
The business model is solely established on the fact to create a brand that is
effective for the target group and roll out further brand activities later on. Devel-
opment costs have been in the middle price region.

Quality information: Focus group tests have been highly successful. Students have
gathered all necessary educational information after running through the exhibition,
even the most difficult ones. Feedback has been positive throughout by both players
and educators. It has been nominated for the German Developers Price.

Further information: Further information about the exhibition and educational
materials can be downloaded on the website, as well as background information
about the protagonist’s countries. Booking and exhibition contact is Marion Rop-
pelt. Information about missio München can be found on their website: http://www.
missio.de/

12.5.2 Lotte—Holocaust Remembrance

Authors: Michael Geidel, Annekathrin Wetzel, Rolf Kruse, Kelvin Autenrieth

Title: [A] CHL Classroom App (Working title), [B] Friend Ship

Application areas: [A] education, [B] education, social game, group dynamics &
tolerance training

Target user group: [A] school classes, age 12–16; [B] school version: school
classes, age 11–18; Public version to be used by NGOs, public, and private insti-
tutions for all ages

Characterizing goal: [A] Reconstruct history, critical thinking, and teamwork; [B]
Learn about social group dynamics, how to act in moral dilemma situations, reflect
about the powers of individual decisions and responsibility in a repressing system

Short description and gameplay: Both games are part of a Transmedia-Project
Call her Lotte, based on the multiple-award-winning 3D short film, but with a
different focus:
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[A] The CHL Classroom App is dedicated to school teaching. After being
introduced to a comprehensive problem statement, students are assigned to teams.
They have to accomplish three scenes full of quests before overcoming the final
challenge (Fig. 12.31 right).

As the story is based on a concept called Fragmented Storytelling, many pieces
of authentic analog and digital media are game elements. They are a source of
information and also interactive items. Finding, interpreting, and deliberately using
these elements are crucial for advancing in the game. The gameplay implements
Puzzle Solving Mechanics known from adventure games on computers, which
support educational aspects tied to critical thinking. They also are an instrument of
engagement and motivation. Didactics are based on Historical Thinking Compe-
tencies, an educational state-of-the-art model used in school. It organically inte-
grates into narration and gameplay, so it fulfills all requirements given by the
different stakeholders.

The app itself is engineered as a multiplayer application for mobile platforms. It
offers a client-server structure where the teacher can track progress and intervene
(e.g., pause) if necessary. After the actual game, a result page for every team leads
to critical discussions within the whole class to reflect the experiences made.

[B] The turn-based multiplayer strategy game is played within a class of 10–30
people and confronts the players with group dynamics like inclusion versus
exclusion, belonging to a group versus being rejected, sacrificing friendships and
loosing status. The players are put into a similar situation like the young protag-
onists in the short film—but in a non-WWII-related context. In an everyday life
social situation they have to decide, what, and—more crucial—who will they
sacrifice in order to gain status. The catch, however, lies in the fact that a player
needs friends’ support to win. Payers collect points by following tasks, solving
challenges, and interacting with other players, thus gaining popularity, status, and
hierarchy levels. But the higher the ranking, the more the individual has to sacrifice
to reach further. Driven by seemingly arbitrary missions and by rule changes, player
face moral dilemmas throughout. After the game, the group can discuss alternative
options the players would have had, the aspects of tolerance, friendship, and civil
courage, and how the game mechanics relate to the principles that were used in the

Fig. 12.31 Still from the short film: Maria and Lear are young actresses in the 1930s in Munich,
one Jewish, the other not. Their friendship saves a young life from certain death despite the terror
of Hitler’s dictatorship (left). The quest structure of the Classroom App [A] (right)
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Nazi system to establish and keep their power. Also they can relate their findings to
society today.

Distribution info: The games will be available online via the project website http://
www.call-her-lotte.com/. [A] is distributed to schools directly and via publishers.
The provided package optionally contains preconfigured hardware (tablets, note-
book, WiFi access point) and printouts (maps, play cards, markers) for schools that
don’t have this equipment and resources. [B] is an online-based game that runs in
browsers on desktops and most mobile devices. It will be available as free version
for selected educational partners and as commercial version with a fee per game
use. Additionally to the first version in German–English, French, and Spanish
versions are planned.

Economic information: The transmedia project has been funded by Medienboard
Berlin-Brandenburg, Federal Government Commissioner for Culture and the
Media, IHRA, Staatskanzlei Thüringen, Nordmedia, FFF Bayern, SLM and Bay-
erischer Rundfunk. The concept for the CHL Classroom App [A] was developed by
Michael Geidel as producer and Annekathrin Wetzel as author and director at
MiriquidiFilm together with M.Sc. Kelvin Autenrieth, game designer, and Prof.
Rolf Kruse with his team at Erfurt University of Applies Sciences.

Friend Ship [B] was developed together with Dr. Konstantin Mitgutsch,
Research Affiliate at MIT GAME LAB Boston, Dominik Philp, teenage game
player, Jaron Schulz, game designer, Dr. Martin Ganguly, expert for media in the
German educational system, Adam Sigel, U.S. writer, and ItmattersGames
company.

Quality information: At the time of this book, these games are currently in pro-
duction. During development, we reached out to our target group to teachers and
schools and worked closely with didacticians. The project was invited to present at
film festival de Cannes, Games Developer Conference 2015 in San Francisco, Quo
Vadis Berlin Games Conference, Cross Video Days Paris, Medientage München,
and a Gamescom Congress 2015 panel.

Further information: For more information and playing requests, please contact us
via the form on the website (http://www.call-her-lotte.com/) or by email:
game@call-her-lotte.com.

12.5.3 Purpose—Racism and Sexism

Author: Helmut Hlavacs

Title: Purpose

Application areas: experiences, racism, sexism, zombie apocalypse

Target user group: no specific target audience
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Characterizing goal: determine whether you have prejudices concerning race and
sex

Short description and gameplay: In Purpose, the player manages a group of
survivors after a zombie apocalypse. The player decides who can join the group,
and who has to leave it. People thrown out have to die. Group members can have
one of three roles: gatherers carry food, which is vital for survival. Fighters protect
the group during the night. In case of a zombie attack, group members might die
without protection. Finally, scouts find new camps the group can visit. Goal is to
find Elysium, the only place not infected by zombies.

By deciding between ethnics and sexes, the player decisions reveal whether
ethnicity of sex plays a role. After the game finished, a statistics presents whether
there is cause to assume that there are racial or sexual prejudices (Fig. 12.32).

Distribution info: The game can be played free of charge at http://purpose.cs.
univie.ac.at/

Economic information: The game was created as a bachelor’s thesis.

Quality information: No experiments regarding effectivity have been carried out
so far, but are planned.

Further information: The game was created at the Entertainment Computing
research group in the Faculty of Computer Science at the University of Vienna
(Austria). The game is available in German and English.

12.5.4 Utopolis—Democracy Simulation

Author: Clemens Hochreiter

Title: Utopolis—Aufbruch der Tiere (English: do you want to translate the latter
part?)

Application areas: Multiplayer game, collaboration and communication training,
democracy simulation

Fig. 12.32 Purpose: At the start, players must accept four members into their survival group
(left). The group visits camps and searches for food (middle). Sometimes, while resting, the group
is attacked by zombies (right)
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Target user group: commuters and youth

Characterizing goal: The focus lies on collaboration and communication between
players, as these skills are essential to master the game. It is a sophisticated
democracy simulation, including a legal system to establish one’s own community
rules.

Short description and gameplay: A group of 15 or 25 players takes the dangerous
journey to Utopolis. The players assume the roles of various animal species, each
with different skills. Each individual has to contribute to the success of the single
stages. The rules for this collaboration are set by the players: While in board games,
unloved rules can easily be changed and be exchanged by house rules, this is
usually not possible in video games. But in Utopolis—Aufbruch der Tiere the
players establish the rules of their community and organize themselves according to
democratic principles. With a law system, every player can propose a law, that is
voted upon and that is effective for all players. Therefor not on the rules for resource
management and other activities are determined, but also players can be punished
for their illegal actions (Fig. 12.33).

Each player can create their own laws based on several templates and suggest
them to the group. If the majority is in favor, the law becomes effective as a binding
rule for everyone. That way for example, obligatory resource transfers to the camp
can be determined as well as animals that hurt or kill other members of the group
can be punished. Further, players decide in what way they want to perform the
different tasks needed to survive: Whether path of the commune or path of the
warrior, each of the six available paths offers advantages and disadvantages to
players in attaining their goals, and their choice requires consideration and
foresight.

Distribution info: Utopolis—Aufbruch der Tiere is available in German and runs
on Android and iOS mobile devices. The game is free to play, and the Nemetschek
foundation has no commercial interest concerning the game (no in app purchases,
no advertising, and no merchandise products). The game is accessible for download
at http://www.utopolis-online.de/, and in both GooglePlay and the iOS AppStore.

Fig. 12.33 Utopolis: It’s crucial to work together as a team, otherwise the red glow can’t be
stopped (left). A core part of Utopolis is to introduce and pass bills. Players are defining the games
rules with these laws (middle). Each species has its own skills, so only as team they will survive
(right)
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Economic information: Utopolis—Aufbruch der Tiere was developed by Reality
Twist GmbH and financed by the Nemetschek Foundation. With prize money
received by winning the German Computergame Award, an add-on of five new
levels and a technical update was created. There is no further royalty concept
behind Utopolis. Development costs have been in the middle price region.

Quality information: In 2015, the game won the German Computergame Award in
the category Best Serious Game. It also won a Red Dot Design Award for best
game design. Analysis by media educators approved great results in its effort to
teach democracy and offer a valuable source for citizenship pedagogy.

Further information: Further information is available at the Nemetschek Foun-
dation website http://www.nemetschek-stiftung.de/ in the project area. For direct
questions, please contact Clemens Hochreiter, CEO of the serious game develop-
ment studio Reality Twist GmbH.

12.5.5 Great Flu—Awareness Game for the Flu Virus

Authors: Roman Schönsee, Michael Bas, Rens van Slagmaat

Title: The Great Flu

Application areas: pandemic education, medicine

Target user group: Visitors of the exposition H5N1—the evolution of a flu virus,
organized by Erasmus MC and Rotterdam Museum of Natural History; people who
are interested in the risks of a virus and where it comes from

Characterizing goal: Introduce players to how a pandemic evolves

Short description and gameplay: In 2009, the 200th anniversary of Charles
Darwin’s birth was celebrated worldwide. The Erasmus MC and the Rotterdam
Museum of Natural History organized the exposition H5N1—the evolution of a flu
virus. ranj created The Great Flu in cooperation with well-known virologist Prof.
Dr. Ab Osterhaus (Fig. 12.34).

The player chooses a virus, which determines game difficulty. The goal of the
game is to control a possible pandemic. In the game, the player has a world map
that is divided into regions. The player meticulously follows the outbreak of the flu
pandemic. In a display, the player sees how many people have been infected and
how many have died. The player has a budget and resources to control the virus.
Beware: actions to control the virus cost money. This leads to some moral
dilemmas, because conflicting opinions about fighting flu pandemics exist.

The player can control the pandemic by applying actions or assigning research
teams to the regions. To help the player, there are global events that indicate what
problems or solutions are found there. The game confronts players personally with
these important choices, after which the effects immediately become clear. This
creates a new understanding—and respect for the choices of others.
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Distribution info: The great flu is playable through a Web browser and needs Flash
to run. The game is in English. http://www.thegreatflu.com/

Economic information: The game is free to play.

Quality information: The Great Flu has hundreds of thousands players worldwide
as well as a widespread media coverage, among others including the front page of
NRC Handelsblad (Dutch newspaper), TV spots at NBC (USA), a profile on the
Dutch TV program Pauw en Witteman.

Further information: The game was initially built for the exposition of H5N1—the
evolution of a flu virus. Two weeks after the release the Mexican flu, also known as
Swine flu, broke out worldwide. Hundreds of thousands of players tried the game to
get to know more about the virus—what the risks are and where it comes from.

12.5.6 Global Conflicts—A Serious Games Series for Social
Studies

Author: Simon Egenfeldt-Nielsen

Title: Global Conflicts series (a game series, which includes Palestine, Latin
America, Child Soldiers, Sweatshops, and Afghanistan)

Application areas: social studies, civic games, history games, RPG

Fig. 12.34 The Great Flu—snapshot from the graphical user interface
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Target user group: designed to fit school curriculum in history/social science and
language courses for students 13–20 years old

Characterizing goal: Global Conflicts aims to illustrate the various perspectives
present in a given conflict; through dialog and argumentation, the game provides
players with the knowledge and experience to form their own opinion.

Short description and gameplay: Global Conflict is a series of role-playing games
(RPG), which focuses primarily on dialogue. Through the game the player
encounters a number of stakeholders, across a variety of locations. These locations
are usually ordered in a narrative flow, which ensures that the player encounters all
essential stakeholders during gameplay.

A game dialogue is initiated by clicking on the relevant stakeholder. Through the
dialogues, the player tries to obtain information about the situation at hand—
whether getting input to a news article about the tensions rising at check points in
Jerusalem (Check Points), or the investigation of use of child labor at a leather mill
in Bangladesh (Sweatshops). These pieces of information, or in some cases evi-
dence, are ultimately used to either construct a newspaper article or confront the
main culprit. This main stakeholder is always placed as the final encounter in the
game, and all evidence gathering leads up to this crucial dialogue. During this “boss
fight,” the player is meant to use the arguments found during the game in order to
try to convince the culprit to change his opinion or behavior (Fig. 12.35).

The core purpose of the games is to present various perspectives—each in the
shape of a stakeholder—on the given conflict, and balance these in order to not
favor one perspective over others. This in turn allows the player to (1) learn about
the various perspectives that the conflict situation can be viewed through, and
(2) form their own opinion about the conflict and about the various stakeholders. By
talking to Gaza citizens, Israeli soldiers, a mullah in a small afghan village, or a
child who works at a factory in Dhaka, the player is faced with these different
perspectives. The perspectives might not always lead to one obvious solution, but
helps to highlight the ambiguity of most such conflicts.

Fig. 12.35 Cover and snapshot (right) with a dialogue scene from Global Conflicts: Palestine
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The games are single player, but can benefit from being played together by 2–3
students. The game packages are accompanied by an elaborate set of supportive
material: Topic Overview, Teacher’s Manual, and Student Assignments. The Topic
Overview is meant to give the teacher a solid overview of the conflict area por-
trayed in the game. The content of the Topic Overview is derived from the
extensive research that is part of every game production.

The Teacher’s Manual helps the teacher structure curriculum around the game
and ensures that the teacher is prepared for discussing game topics with the stu-
dents. It also describes approaches to learning implemented in the game, and how to
optimize this in a class setting. Student Assignments includes a number of specific
tasks for students. These can either be used during game play by smaller groups or
after concluding the game. The variety of tasks supports different learning styles
that the teacher might use.

Distribution info: The games are available on https://school.seriousgames.net and
all run on PC/Mac in the most commonly used browsers. The games were devel-
oped for English, Danish, Norwegian, and Swedish languages. The price of the
games varies since there are different bundle versions and price ranges, depending
on the requirements of the schools buying the games.

Economic information: The games are produced partly by sponsorship from
Danida (part of the Danish Foreign Ministry, which heads development projects
abroad) and by self-financing by Serious Games Interactive. The first game Global
Conflicts: Palestine was quite expensive to develop, but today an episode is bud-
geted at around 80,000 EUR.

Quality information: The first game of the series, Global Conflicts: Palestine,
received quite a bit of public attention (ex. https://www.youtube.com/watch?v=
eKs1y2JDWF0) and also won a BETT award in 2010. The game was mentioned on
CNN and several other news channels around the world. The game got noted as a
new, groundbreaking way of combining computer games and education.

A study at Santa Clara University of Global Conflicts: Sweatshops, where 95
students played the game, showed some promising effects.

Conclusion: Dogmatic students grew significantly less dogmatic about the child labor issue
after playing Sweatshops. By confronting students with the complexity of the child labor
issue from the perspectives of Bangladeshis, the game successfully encouraged students to
see the nuances of this issue. The nature of this game forced users to question their strong
beliefs and find a compromise with the views of Bangladeshis on child labor.
(Chad Raphael, Christine Bachen, and Pedro Hernandez-Ramos performed the study)

Further information: More information can be gained by checking out https://
school.seriousgames.net or by contacting Serious Games Interactive at info@seri-
ousgames.net.
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12.6 Pervasive Gaming, Cultural Heritage and Tourism

12.6.1 FreshUp—Pervasive Gaming in a Campus
Environment

Authors: Wiebke Köhlmann, Raphael Zender, Ulrike Lucke

Title: FreshUP

Application areas: pervasive game, campus introduction and orientation

Target user group: Freshmen at university in their first weeks of study

Characterizing goal: University freshmen face diverse problems in the beginning
of their studies, such as organizing their courses and orientating in a new educa-
tional and personal environment. The pervasive game FreshUP (Freshmen at the
University of Potsdam) aims at helping to overcome these initial difficulties by
transforming a conventional scavenger hunt into a mobile pervasive game with
real-world activities (Zender et al. 2014).

Short description and gameplay: FreshUP is a pervasive browser-based and
platform-independent game that can be played on mobile devices as well as on a
PC. It combines the card game foursome with a scavenger hunt. In order to get
accustomed to previously identified main issues of student life (Lucke 2011)—like
course registration, use of the cafeteria, library access, public transport etc.—the
players have to solve tasks all over the campus and city of Potsdam. For each
solved task, the player obtains a card. Every card is assigned to one deck of a
certain topic (e.g., library, public transport, administration and e-learning) and each
deck consists of four cards. The cards of one deck address four knowledge types:
orientational, factual, actionable and practical knowledge (Zender et al. 2014) and
consist of various types of tasks (e.g., single and multiple choice, GPS positioning,
text input and selection of areas in an image) based on the IMS QTI standard (IMS
Global Learning Consortium). The goal of the game is to complete as many decks
as possible in order to gain the most points.

Currently there are overall 25 decks, where 12 can be solved in single-player
mode. In order to encourage social contacts, players have to cooperate in teams in
order to solve another 12 decks and can communicate by sending messages. Fur-
thermore, bonus cards can be gained under certain conditions (e.g., certain time
span or only available at a certain event) in order to complete 1 bonus deck. To
increase the overall motivation, badges for certain numbers of solved knowledge
types, sent messages etc. are awarded.

As each course of study has its specialties, course related decks have been
developed in cooperation with the respective faculties. Thus players have to enter
their course of study during registration (Fig. 12.36).

Distribution info: FreshUP is in use in the beginning of each winter term at the
University of Potsdam, Germany. After a registration phase, the game phase lasts 4
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weeks and ends with an award ceremony. A demo version is available at https://
freshup.cs.uni-potsdam.de/freshupdemo.

Economic information: A prototype of the game was developed in the context of a
computer science student’s project in 2011 and enhanced in the context of a
master’s thesis in 2013. In the winter term of 2011, FreshUP was offered for
computer science freshmen, and starting from winter term 2012, for all freshmen at
the University of Potsdam. Since 2011, two student workers and one teaching
assistant are entrusted with the further development, maintenance, advertisement
and execution of the game. Prizes for the winners are kindly provided by local
sponsors.

Quality information: The concept of the game FreshUP was derived from survey
results (Lucke 2011) concerning e.g., technology in use and preferred game genres.
An initial evaluation in 2011 (Köhlmann et al. 2012) evaluated, amongst others, the
awareness level of the game in general and the experience with the game. Overall
the questionnaire shows, that the game was well liked in terms of design, usability,
concept and implementation.

Subsequent to the evaluation in 2011, the game was improved and the task
catalogue was enlarged in order to serve all courses of study. A second evaluation
(Zender et al. 2014) was conducted during the game phase in the winter term
2012/2013. 33 participants of FreshUP took part in the questionnaire before the
game start and 19 at the end of the game phase. A control group consisted of 217
students who did not participate in the game. The general part of the survey con-
centrated on the general orientation on campus and the city of Potsdam, the
knowledge concerning studies and university and the number of personal contacts
among fellow students. The evaluation after the game showed that the general
orientation, the familiarization with everyday life and university, and contacts to
fellow students of the FreshUP players were better than of the control
group. Additionally, the overall gaming experience was also rated positively.

Further information: FreshUP has been developed at the Chair for Complex
Multimedia Application Architectures of the Department of Computer Science at the

Fig. 12.36 FreshUP active cards of different decks and knowledge types; task view; correctly
solved task (from left to right)
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University of Potsdam, Germany. A demo version is available at https://freshup.cs.
uni-potsdam.de/freshupdemo. For more information, please contact Raphael Zender
(raphael.zender@uni-potsdam.de) or Ulrike Lucke (ulrike.lucke@uni-potsdam.de).

12.6.2 REXplorer—Sightseeing Game

Authors: Steffen P. Walz, Rafael Ballagas, Jussi Holopainen

Title: REXplorer

Application areas: tourism, sightseeing, history, culture

Target user group: young adults visiting Regensburg, Germany

Characterizing goal: The main goal was to facilitate fun learning for young adults
less interested in classical guided sightseeing, and help them to engage with the
history and culture of their destination, in this case Regensburg.

Short description and gameplay: REXplorer was a sightseeing game set in
Regensburg, one of the most visited tourist destinations in Germany and a
UNESCO World Heritage site. Players assume the role of a researcher to uncover
the secrets behind the paranormal activity linked to a secret language found in the
Regensburger Dom Church in Bavaria, Germany. The symbols of this language
have special powers: players can use them to summon historical spirits at 30
different sights. A special paranormal activity detector—a GPS enabled smartphone
running the REXplorer application in kiosk mode, in a specially designed casing
rented from the tourist information office—helps the players to detect and com-
municate with spirits living in the city; the device also allows the players to cast
spells by gesturing with the detector, where each gesture mimics a symbol of the
secret language. As the players walk around the town, they meet spirits that need
help to deliver important messages to their counterparts. The players’ mission is to
solve these quests in order to score points, collect and document experiences with
the detector’s built-in camera, and gain knowledge about the history and culture of
this medieval city.

In the game world of REXplorer, a spirit represents every historical site. These
spirits are set in different historical epochs in order to convey the various ways of
life and salient moments across the history of Regensburg. The cliffhanger stories
are linked to other spirits through both space and time. Players must listen to a
spirit’s story, and then identify and find the corresponding sight to hear the reso-
lution to the narratives and score points for solving quests.

Sightseeing in REXplorer is non-linear. Players are in control of the order in
which sights are visited and quests are fulfilled. Players can accept up to three
quests in parallel, and can delete unwanted quests to make room for others. This
allows players to develop different strategies about fulfilling quests, such as col-
lecting quest destinations that are spatially near, and eliminating quests that are too
far (Fig. 12.37).
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Tourists rarely tour a city alone. Instead, they are most interested in shared
experiences and memories, and REXplorer was specifically designed to support
these goals (Ballagas and Walz 2007). In order to promote shared experiences, the
paranormal detector contains a loud speaker so that the spirit’s story can easily be
heard in a small group of two or three—the group size also comes about because
pupils under the age of 18 and unaccompanied by an adult in Germany can only
tour an environment by themselves in a group of at least three. Additionally, the
game requires multiple artifacts including the electronic detector, and a paper map
with a gesture guide. These allow each player to participate by taking on a different
role in the game, and the roles can be easily swapped during gameplay. To promote
shared memories, the players’ experiences and photos are automatically cataloged
to a souvenir travel weblog, which uses an interactive map to show the users’ path
through the city and highlight points of interest they have visited. Players can
express themselves through commenting on their blogs or taking pictures using the
camera in their paranormal activity detector. After 2 weeks, and if a player leaves
their postal address, they receive a print postcard from a game character, sending
them “Greetings from Regensburg.”

One of the lessons learned of REXplorer’s commercial operating is that solo
players of the game at times perceived spell-casting with the paranormal detector in
a public setting as awkward. However, even the presence of one other player
provides enough social support for the performative gesturing. The gestures are
clearly not the easiest or most efficient way of interacting with the spirits, but this
interaction fits best with the story and promotes engagement for the players, as
expressed in interviews and surveys with the target group.

REXplorer provides a playful platform to explore the culture and history of
Regensburg. The game helps build important associations between the historical
characters and the buildings and changes the way visitors perceive and intervene
with the city. These associations provide a springboard for learning more through
the in-depth historical information linked on the travel blog that summarizes one’s
experience.

Distribution info: REXplorer was available in the UNESCO World Heritage
protected Regensburg, Germany, during the tourist seasons of 2007 and 2008.

Fig. 12.37 REXplorer interaction principle, gameplay, map, information (from left to right)
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Regensburg ranks amongst the top sightseeing travel locations in Germany.
Tourists could rent the paranormal activity detector from the tourist information
office as a new service complementing existing services, such as guided sightseeing
tours. The fee was designed to be competitive with the existing audio guide
offering, 12 EUR for an hour of play. The paranormal activity detector was actually
a Nokia cell phone and GPS receiver in disguise, so in today’s market, one could
imagine just allowing tourists to use their own cell phone. The rental model,
however, allows the device to be skinned to look like a paranormal activity detector
instead of a mobile phone. This is a key in promoting the atmosphere and adding to
the mystery of how the gestures are recognized.

Economic information: REXplorer was created by Rafael “Tico” Ballagas from
RWTH Aachen University and Steffen P. Walz from ETH Zurich (Ballagas and
Walz 2009), in collaboration with the Regensburg Experience (REX) Museum
(http://www.rex-regensburg.de/) and with generous support from, as well as input
by, Nokia Research Center Helsinki and Tampere.

Quality information: The game was playtested (Ballagas et al. 2008) with sight-
seeing guides and other stakeholders throughout development, and also evaluated
with target groups on site prior to the launch. The evaluation was structured as an
interactive play session followed by a focus group interview; in the early stages,
Wizard of Oz methods were used. Next to a school group study, there were 18
participants in the major study between the ages of 18–45. Two participants played
REXplorer alone, and the rest played in pairs resulting in a total of ten playing
sessions. The playing sessions were coordinated in such way that two playing
sessions would happen concurrently and then the different groups of players would
come together at the end for a focus group interview (consisting of three to four
participants). All 10 play sessions and the corresponding five focus group inter-
views were videotaped, and the videos were analyzed using grounded theory
affinity analysis. Participants expressed that, overall, they thought the game pro-
vided a unique and fun experience, once used to the new types interactions and
spatial exploration the game offered. It should be noted that the game service was
launched prior to the release of the Apple iPhone in 2007; several sensor and
actuator-based functionalities that REXplorer offered had not yet reached a mass
customer base.

Further information: A short trailer of the game and gameplay is available at
https://www.youtube.com/watch?v=Mf7m97tF3Ls. The credits at the end of the
video show all partners and cast involved in the commercial production of the game
service. REXplorer is also a part of the permanent exhibition at the Computer-
spielemuseum Berlin (http://www.computerspielemuseum.de/). For further infor-
mation see the reference list.
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12.6.3 Jogging Over a Distance—Healthy, Pervasive Gaming

Author: Florian “Floyd” Mueller

Title: Jogging Over a Distance

Application areas: health game, exergame, jogging

Target user group: people who are interested in jogging with their friends but are
not located in the same physical location, and/or do not have the same physical
abilities (i.e., jog at different speeds)

Characterizing goal: Jogging Over a Distance supports the motivation to exercise
coming from social engagement with the activity.

Short description and gameplay: Jogging Over a Distance connects two joggers
in different geographical locations and different athletic abilities through the use of
heart rate data. With Jogging over a Distance, two joggers plan to run at the same
time, with mobile phones and wearing stereo headphones, a microphone and a heart
rate monitor. Each jogger can hear the live audio of their jogging partner while they
run. Relative to their target heart rate (which the joggers entered beforehand), the
jogger’s heart rate data affects the audio location in a 2D plane that is oriented
horizontally around the jogger’s head. If the other jogger is “in front,” the sound
appears to come from the front, and the further “in front,” the softer the audio
volume. When both joggers perform at their preferred heart rate (or have both
slowed at the same percentage from their baseline), they hear the audio right beside
them, as if they were running side-by-side. This way, the jogger is able to detect
whether their partner is putting in more, the same, or less effort, based on their
relative heart rates (Fig. 12.38).

Distribution info: Jogging Over a Distance is still a research project and as such
not available for purchase yet. However, since the original development, systems
that provide functionality similar to Jogger Over a Distance’s features are now
available in the Apple App Store, and also aim to support joggers and their desire
for social engagement.

Economic information: Jogging Over a Distance was supported by the University
of Melbourne, Australia, and Distance Lab, UK.

Quality information: Jogging Over a Distance has been evaluated with 32 social
joggers, with some of them as far apart from each other as Europe and Australia.
Joggers found the system suitable to balance their physical abilities and appreciated
the social support coming from their jogging friends that the system facilitated.
Participants saw the distance between each other not as a hindrance to go jogging
anymore, but rather an opportunity to jog with their partner despite their different
physical abilities. As such the system was not fixing a problem, but rather offering
an opportunity for social exercise engagement, which joggers appreciated (Mueller
et al. 2010).
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Further information: More information on Jogging over a Distance is available at:
http://exertioninterfaces.com/jogging_over_a_distance/

12.7 Marketing Games

12.7.1 Quest for Oil—Branding Game

Author: Simon Egenfeldt-Nielsen

Title: Quest for Oil

Application areas: Real-time strategy, branding games

Target user group: high school students and university entry level graduates

Characterizing goal: Maersk Group and Serious Games Interactive based the
game design around the key messages, which the client wished to promote through
the game experience. These messages were to:

• Visualize the interior of the Earth
• Understand the cutting edge techniques and technologies used
• Reinforce the very heavy focus on safety, which permeates the whole industry

Fig. 12.38 Jogging Over a Distance—connecting and motivating people to exercise “together”
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Short description and gameplay: Quest for Oil is a serious game used for
branding the Maersk corporation and for internal corporate communication. Maersk
Group, Maersk Oil and Drilling invest annually in communication initiatives to
create understanding in the general public about the types of work, people and
technologies involved in prospecting for and extracting oil and natural gas. Over
recent years, the prime medium of communication had been informational videos
intended to be experienced via video hosting sites and other channels, and Maersk
Oil and Drilling was keen to explore new digital forms of communication. They had
a strong conviction that the means of communication needs to continually evolve so
as to meet the rising expectations of the primary target audience, primarily high
school age students and undergraduates.

The aim of the game is to explore the game world, prospect for oil reserves,
extract the oil which is economically viable, and reach a target condition of one
million barrels before the computer controlled opponent. It focuses on a combi-
nation of speed of action and the appliance of knowledge about the oil and drilling
business communicated during the gameplay. At the beginning of the game, the
player has a homebase and two exploration units; a ship and a helicopter. The map
is concealed and it is necessary to move the exploration units around the ocean
conducting geological analyses of the rocks beneath the sea. Once the geological
report is received, the player is challenged to determine the most likely places to
carry out exploratory drilling for oil reserves. During the drilling phase, the player
controls the drill, avoiding hazards such as hidden gas pockets and ultra-hard rock
layers until the potential reservoir is reached, and finally are able to confirm its
economic viability. Should the results be successful, a production rig may be
constructed and the oil extracted using unique injection technology used by Maersk
Oil and Drilling in the field. Finally, oil is transported hone via ships or pipelines,
revenue starts to be generated, and the player chooses how next to invest and
explore.

Through the game experience, the expectation was to fire the imagination of the
players such that they might consider a science educational path and possibly attract
them to the opportunities present in the exploration and drilling business. In order to
maximize the impact of the game, a large-scale media promotion campaign was
carried out leading up to and subsequent to the game’s release, including coverage
on major TV news outlets, and support at a senior executive level (Fig. 12.39).

Fig. 12.39 Quest for Oil’s main GUI (left) and scene (right)
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Distribution info: Quest for Oil is a free, 3D multi-player real-time strategy game,
which can be played in a browser or tablet app. An educational package was
produced to support the use of Quest for Oil in the classroom.

Economic information: The game was developed over a period of 2 years for
undisclosed budget.

Quality information: Quest for Oil is an interesting serious games for numerous
reasons, not least the demonstrated positive effect that it had on the target audience.
The primary metric by which communication initiatives have been measured at
Maersk is time of engagement with the medium, and in this respect the game-based
solution redefined what is possible in terms of deep engagement with corporate
information. The game has currently been played over 1 million times by more than
300,000 players. As a result of this great success, the Maersk Group continues to
invest in game-based solutions:

New times calls for new measures, and we want to use the computer game to tell the story
of an extremely innovative business, which the entire world depends on, in a new and
engaging way. We wish to engage in dialogue about our oil and energy business through
gamification and at the same time give all interested the best opportunity to experience the
underground.—Claus V. Hemmingsen, CEO of Maersk Drilling

Further information: http://www.maersk.com/en/hardware/quest-for-oil

12.8 Serious Games Archives

Some of the best practice serious games described above—as well as numerous
additional examples of serious games with high quality—are listed in serious games
archives; but the majority are not. Hence, a big chance is missed for successful
retrieval and access of the games via searching those archives in search engines or
game portals.

Existing repositories for games and serious games differ not only in the amount
of recorded games, but also both in terms of (the size of) the covered application
spectrum and in terms of the granularity of underlying classification schemata.

The Serious Game Classification System (http://serious.gameclassification.com/)
provided by the ludoscience group in France as the result of an academic research
project launched in 2006 is more generic and covers the broad spectrum of
application domains for serious games in general (3,076 serious games in total).
Hereby, the research work and subsequently the structure of the underlying tax-
onomy for the serious games classification system are focused on the analysis and
derived theoretical model of gameplay principles. Games are classified according to
overall category, gameplay, purpose(s), market(s) and target audience, alongside
with user-contributed keywords. The category is deduced from the kind of game-
play and the market of a title/game, e.g., video game, video toy, serious game, retro
serious game (indicating that the game was published before 2002), as well as sub
categories such as advergame, edugame, or exergame, following the market and
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purpose of a game. The gameplay distinguishes two types of gameplay types:
game-based for games with clear goals to reach in the game, and play-based for
games without clearly stated goals and corresponding scoring mechanisms to
evaluate the performance of a player. Whereas the game purpose(s) (e.g., educative
message broadcasting, training, goods trading, or storytelling) and targeting market
(s) (e.g., entertainment, state & government, military & defense, healthcare, edu-
cation, corporate, religion, culture & art, ecology, politics, humanitarian, media,
advertising, and scientific research) are closely coupled, the target audience is
classified in age groups ranging from 0 to 3 years old to 60 years+, as well as
domain values like general public, professionals, and students. A quick search
provided by the classification system offers a text field for keyword search as well
as checkboxes for directly playable or downloadable games. The advanced search
mode offers radio buttons for searching a video game, a video toy, or both. Further,
the classification system provides different (database) views to browse the system
and search for dedicated/a set of serious games: A Thumbnail view provides an
preview image, the title and year of a game, a Details view lists the title, year,
supported platforms, the creator, editor and country of a game, a Taxonomy view—
as conceptual basis of the classification system—focuses on the gameplay, purpose,
market and audience, a dedicated Gameplay view separates games according to the
(gameplay) goals and means, and finally a Keywords view focuses on keywords in
addition to the title and year of a game. Individual games in the classification
system are attributed with all the categories mentioned above plus of a brief
description of the game (including snapshots), a hyperlink, distribution information,
and information about/links to related games with similar characteristics.

The Serious Games Association also provides a serious games directory cov-
ering nine serious games application areas (including Corporate, Education, and
Health Care/Medical). Here, basic information for the games listed in the archive
includes the game’s title, platform(s), market, and a brief description. When
selecting one particular game—as an example, let’s visit the cognitive brain training
game Braingymmer (available at http://www.grandmetropolitan.com/)—narrower
information includes the link to the website of the game, a snapshot of the game
(here: game platform), comprehensive developer information (including the
address, contact information etc.), comprehensive publisher information (website,
contact, available outlets, quantity order/pricing information, year developed, typ-
ical hours of play, awards/certifications/rankings, measuring performance/learning),
and additional information such as a generic contact for any further questions.

Probably the biggest and most elaborated database (especially dedicated) for
health games is provided by the Center for Digital Games Research at UC Santa
Barbara (http://www.cdgr.ucsb.edu). This database originates from the former
Health Game Research national program in the United States, which was funded by
the Robert Wood Johnson Foundation (USA). As of October 2014, the database
contains 432 games, 488 publications, 157 resources, 853 organizations, and 85
events. The games (http://www.healthgamesresearch.org/db/search/tab=games) are
attributed by 37 categories/health topics from Allergies to Visual Health. Further
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attributes—also serving as search terms in the database—include information about
the target population (target user group such as adults, children or healthcare
professionals) of a game, publication or resource, the game platform (e.g., arcade,
game console, PC, or internet), the publication type (book, journal, etc.) and
resource type corresponding to publications and resources (e.g., archive, game
engine, or online community), the organization type (e.g., game development
studio, publisher, sponsors of institutions such as museums where games are run-
ning) and the event type (e.g., conference, festival or workshop) according to
organizations and events and information how to obtain games (download, free,
purchase, subscription, etc.). More concrete, individual games—illustrated by the
outdoor exergame Active Life Outdoor Challenge (available at www.
healthgamesresearch.org/games/active-life-outdoor-challenge) are described by
the title of the game, an illustration, a set of keywords (Adults, Children, Exergame,
Nintendo Wii, Physical Activity, Racing, Sports and Teens), the name of the pub-
lisher and developer of the game, website(s) where to find the game, a short free
text description of the game (“In this Nintendo Wii exergame, players move their
upper and lower bodies by using the Wii remote and a game mat. This game
involves more than a dozen fast-paced activities, such as log jumping, river rafting,
and a minecart adventure.”), and further information about the topic (Exercise and
Fitness), target population (General Audience), and game platform (Game
Console).

The analysis of existing games and health game repositories shows a major
overlap of generic description elements such as the title, a short description, key-
words and (opt) a preview/thumbnail of the game, the target audience (users,
players), supported platforms, distribution info (how to access the game) and
information about the developer and publisher of a game. The main differences
exist in the covered spectrum of games (serious games in general ranging from
Advergames to Edugames, Healthgames, and Exergames) contrary to dedicated,
application oriented game repositories such as health game repositories covering
games related to health topics from Allergies to Diabetes, Obesity, or Visual Health)
and varying perspectives for the establishment and use of game repositories:
Whereas the serious games directory provided by the serious games association
strives for a generic system, as broad and complete as possible, the serious games
classification system provided by ludoscience has a more IT-related approach (with
a focus on the formal description and classification of gameplay principles) and the
health game repository by the Robert Wood Johnson Foundation clearly focuses on
a user-centered perspective (i.e., users such as institutions, doctors, therapists, and
patients as stakeholders in the healthcare arena).

12.9 Summary and Outlook

Serious games cover a broad spectrum of application areas, ranging from educa-
tional games and games for training and simulation to health games as well as
games for societal relevant topics such as security or energy. The serious games in
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different application areas vary in its characteristics, including different funding,
business, and distribution models as well as involved parties, used technology, and
user acceptance. There are numerous serious games available, either as commercial
products (typically with a focus on entertaining a broad user group), corporate
games (usually realized as contractual work ordered by individual customers) or
smaller serious games and game prototypes often resulting from research projects
(typically tailored to a smaller user group with a specific characteristic). Compared
to entertainment titles, serious games typically have much lower budgets, resulting
in lower quality—and a significant discrepancy between user/customer expectations
and the quality of gameplay and (complexity) of game environments.

The examples of Re-Mission or SPARX show that it is worth investigating high
quality serious games—for the wealth of individuals and society in general. Nev-
ertheless, the current state of play or serious games is still at its infancy, and a
sustainable market breakthrough is missing (cf. Chap. 11 tackling economic and
legal aspects of serious games). Especially in the area of health games, compre-
hensive (evaluation) studies could prove the benefit of serious games and subse-
quently could pave the way for a broader use of the games by health-care providers—
resulting in “games as medical treatment.”

A major drawback of existing serious games is that they are usually not very
well described and attributed with (machine-readable, quantitative and qualitative)
metadata such as the characterizing goal of the game, the target user group,
expected serious game effects well-proven in studies, etc. Therefore it is quite hard
or even impossible for end users/players (individuals, private persons) or
intermediaries/customers (trainers and teachers, doctors and therapists) to find and
select a most appropriate game for a specific situation (user characteristic, needs).
For that—similar to catalog systems for libraries, hotel reservation systems, or
friend scouts—the establishment of enhanced game archives, serious games portals,
or metadata information systems as conceptual basis to describe, offer, and retrieve
the best serious game that matches the interests, need,s and characteristics of
individuals and groups would be highly valuable in the future. Initial conceptual
approaches to a standardized metadata format of serious games is provided by
Göbel et al. (2011a, b), Hendrix et al. (2012), Elborji and Khaldi (2014) specifically
in field of educational games.

Check your understanding of this chapter by answering the following questions:

• What are the characteristics of the field of simulation and training games?
• What are the characteristics of the application field of educational games?
• What are the characteristics of the application field of games for health?
• What are the characteristics of the application field of awareness games?
• What are the characteristics of the application field of pervasive games?
• What are the characteristics of the application field of marketing games?
• Which databases provide information concerning serious games?
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