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Chapter 1

Introduction

For a long time games have been associated with not only fun, but also learning. A game like
chess, for example, teaches and trains strategic military thinking. This has led to the more
modern concept of the “serious game”. “Serious game” is a term with many definitions and to
help narrow our perspective this thesis will look at one of several types of serious games which
will be referred to as “interactive simulations”. In an “interactive simulation” the goal is to
simulate some domain, but, instead of simulating all human actions within this domain, actual
humans will make some of those decisions. Having humans making those decisions introduces
some uncertainty in the outcome, in exchange for credibility if an appropriate group of humans
(players) was selected.

Aim of this thesis

An important down-side of “interactive simulations” are the costs associated with developing and
playing these games. If a game can be developed to serve multiple researchers, this will help
share the financial and organisational load. To help do this in the best way possible it would be
good to learn from past experience, giving a solid starting point for any development effort, and
a touchstone for checking if the project is on track. The goal of this preservation of information is
not to force a certain implementation. Instead the purpose is to conserve the functional elements
for reimplementation in a subsequent project. This might lead to reuse of implementation, but
does not mandate it.

In other words, the question that this thesis would like to answer is: can we provide guidelines
to help speed up the development of serious games and make the resulting design qualitatively
better? Such a set of guidelines would not describe a general design for serious games, but at a
more meta level describe how to achieve a good design.

Methodology

Systems engineering, a field concerning itself with the integration of different disciplines into a
successful system, provides tools for very high-level description of such a system. One such tool is
functional analysis and the resulting artefact is typically a functional architecture. A functional
architecture describes the different functions that need to be performed, leaving out who, how
and where they should be performed. Seeing the overall structure can inform implementation
choices regarding this, but do not enforce them to still be compliant with the architecture. Such
an architecture is continuously adapted over time as more experience is gathered within it.



In order to have an architecture that can help solve the problems described before, it should
be based on a project that had to deal with many of those problems. GISEGas is a game that was
used by multiple researchers each with their own needs. Because of the multitude of researchers,
and the possibility of more joining later, the game was designed to be as generic as possible, with
regards to initial setup, player groups, run time, etc., while also implementing some advanced
domain specific concepts, the domain being: energy from (bio-)gas. Analysing this game should
result in a useful architecture. The artefact helps the design of new interactive simulations by
preparing the designers for the problems they are likely to encounter and allow them to make
sure their design can withstand them. This will prevent late design changes and the high cost
associated with them. The architecture can be used and subsequently be improved upon by
incorporating additional lessons learned by the designers who have used it.

The functional architecture, together with the guidelines for using it form a framework. The
framework will help future serious game development projects that use it to achieve better results
faster. The framework is named the: Functional Architecture for Serious game Development
Framework or “FASD Framework”.

Structure

The structure of this thesis is as follows: In Chapter [2] the concept of “serious games” in general
and “interactive simulations” more specifically is explored further. It results in the research
question: What development guidelines are useful for creating an interactive simulation? In
order to answer that question, it is first explored how to answer that question. Chapter [3] delves
deeper into systems engineering, functional analysis, functional architecture and how they can
be applied to answer the research question. To apply these techniques however a case is needed
that can be studied. The GISEGas project is explained further in Chapter [4

Chapter [5] shows and explains the functional architecture resulting from the analysis of the
GISEGas project. This architecture is the core of FASD, but by itself not yet very useful.
Guidelines for using FASD are presented in Chapter [f] Together the architecture and guidelines
form the FASD framework that will help develop future serious games. Chapter [7] presents a
different serious game and shows an initial validation of the framework. Finally Chapter [8] will
conclude this thesis.



Chapter 2

Background

In 2014 the serious games market was 2.46 billion dollars [20]. For an industry of that size,
however, there is no clear single definition of what constitutes a serious game. New definitions
are still being offered like by Mgller in 2016 [I7]. What is clear is that there are several types
of serious games:

Interactive Simulation Simulate situations and let humans interact with those to multiple
ends amongst which: learning how players react, learning how players interact, allowing
players to learn from otherwise costly mistakes. Useful for exploring system, process and /or
organisational (re)design from a development or investment perspective.

Educational This type of game is used to supplement or replace other teaching materials and
used to convey knowledge.

Gamification Projects that use this are not necessarily games, but use gaming elements to help
motivate certain behaviour.

In 2016 there are no “holistic” development frameworks to aid the design of serious games,
especially the type of game the focus is on here: interactive simulation.

This chapter first explores the definition of serious game, concluding in a definition for a
“serious game” or as it is specified an “interactive simulation”. After that the need for examining
such a system and creating a development framework for it is discussed.

2.1 Defining Serious Games

Common definitions for serious games include the use of a computer [I7], and are similar to
that of Susi: “(digital) games used for purposes other than mere entertainment” [22]. As a high
level definition this works, but, when narrowing down the scope, more detail is needed. The
definition by Susi does not state what the (primary) goal is, merely that it is not entertainment.
A consequence of playing a game, whether you win or lose, and whether that has real-world
effects, or not, is: the player gains experience playing the game. If the game reflects some real-
world scenario, the experience gained can help the player learn, and seeing what a player does
can help an outside party learn about how people in general may react to certain situations. In
short, playing a game can help us gain knowledge. The following is a list of types of learning
that can happen from a (serious) game.



Player learning explicit knowledge This type of learning occurs when the knowledge that
needs to be transferred is explicitly known. The intended “lesson” is programmed into the
game steering the player to a certain outcome [22]. A reason to employ this type of game
is to allow the learner to fail and learn from his/her mistakes in a safe environment where
making those mistakes has no real world consequences.

Player learning implicit knowledge When the knowledge is not explicitly known this type
of learning can occur. Implicit knowledge tends to come from experience, sometimes getting
that experience is not achievable in the real world. Games can allow for these experiences
by for example: speeding up time, or creating extreme circumstances. In such games a
learner, possibly with help from a trainer or expert, can acquire the needed experience.

Observer learning implicit knowledge In games like described for “Player learning implicit
knowledge” an observer can attempt to make the knowledge being acquired explicit, for
example by using data mining techniques [2I]. This also has applications with lay-man
players to create completely new insight in a topic.

Observer learning group behaviour Multi player games allow an observer to research how
groups of people can try to reach a common goal, or how they can collaborate/compete
with each other on individual goals.

Besides a definition, Susi also gives a goal for serious games: “Experience situations that are
not possible in the real world due to: safety, cost, time constraints” [22]. Combining the learning
discussed before with this goal leads to the definition of serious games that this thesis will use:

“A system that allows players to experience and learn from situations that
are not feasible in the real world”.

Because such a system, as described above, needs to reflect the real world in some way and
such a system would need to accurately reflect the real world in order to lend credence to these
experiences [21], it can also be considered a simulation. Having players influence this simulation
leads to it being interactive, resulting in the term “interactive simulation” to be used to describe
(serious) games adhering to the definition given above.

Many serious games, including interactive simulations, focus only on the first type of learning
(Player learning explicit knowledge).

2.2 State of the art

At the start of the GISEGas project a literature research was done and no helpful frameworks
were found. During the last stages of writing this thesis the literature research was repeated
using Google Scholar to see if the state of the art has changed. Terms used were: “Interactive
Simulation Design”, “Interactive Simulation Framework”, “Serious Game Design”, and “Serious
Game Framework”. A framework for interactive simulation was not found.

As stated there is not much literature on interactive simulations. For a good overview of the
state of the art the existing literature is presented below in four categories. The first category
covers any relevant literature on interactive simulations. The second covers educational games
and the third the use of gamification. Finally some literature regarding “regular” games is
presented.



2.2.1 Interactive simulations

Papers describing interactive simulations cover the following three main subjects.

The first subject is the psychology of the learner, exploring how interactive simulations can
be more effective than existing tools and where they fall short. An example of this is the work by
Chittaro and Sioni [§] showing how interactive and non-interactive simulations of terror attacks
can be used to prepare the population.

The second subject deals with using innovative interfaces powered by interactive simulations
to aid learning. This is well illustrated by the work-in-progress paper by Oh, So, Park, and Kwan
[19]. They present the work they are doing on a museum exhibit describing how light travels in
a multi-user interactive simulation using augmented reality.

The third subject is that of subsystems. For example the adaptive support feature by Kardan
en Conati [I5]. They describe how they provide feedback to a learner in an interactive simulation,
this is not trivial due to the lack of a clear narrative in such a learning situation.

Though all of these subjects provide valuable information about interactive simulations, none
aid the development of a new one. Additionally, most of this type of work is specific to a certain
game, and does not translate easily to other applications of interactive simulation.

2.2.2 Educational games

Over the past years a lot of research has been done on the design of educational games. These
games do not try to generate new knowledge, but focus on transferring explicit knowledge or
skills to learners in an efficient way. In 2015 Carvalho [6] proposed an “activity theory-based
model for serious games” (ATMSG) for analysing and design serious games. It is based largely on
the LM-GM model. These frameworks provide most value to a designer working on an interactive
simulation. For example a service-oriented architecture was setup around it also by Carvalho
[5], which could prove useful when designing UT elements for an interactive simulation.

Other frameworks that are designed for educational games but are not a good fit for interactive
simulation are:

e Mechanics, Dynamics, Aesthetics (MDA) Framework [13]

Hierarchical Activity Based Scenario (HABS) [16]
e The Game Ontology Project (GOP) [26]

The Four-Dimensional Framework [9]

e The Game Object Model II (GOM II) [2]

2.2.3 Gamification

Gamification is the practice of using tropes from games to engage people in a certain process.
There are many ways this can be done. For example, by using positive or negative reinforcement
for certain tasks. Having counters run down for unwanted activity and awarding points to
stimulate behaviour. The field of gamification deals a lot with expectation, since it is trying to
address an unconscious part of the brain to have people work harder, live healthier, etc.

Mora [I8] gives a literature review of several gamification frameworks. A table is presented
where the different properties of the frameworks are compared. Since gamification tries to
manipulate users into certain behaviours, using it in a research context might skew the results.
However when used to reinforce gameplay it can help make the game more interesting, only
influencing aspects of player behaviour the research is not interested in.



2.2.4 Commercial games

There are books on game design, but due to the commercial nature of blockbuster games the
companies making them are interested in keeping the state-of-the-art processes that develop
them proprietary, and not much is published about this. Ushaw [24] draws parallels between
games from big publishers and a few examples of medical games. These health related games
focus mostly on either gamification (to encourage certain exercises) or educational games and
therefore are similarly unfit for our purpose as the ones described above.

2.3 The need for high level design in serious games

Budgets for research are always constrained, and making games is expensive. In 2008 Anderson
et al, called for general research into reusable components for games. He states: “The avail-
able research has mainly focused on game engine subsystems, such as rendering, Al (artificial
intelligence) or networking. However, issues regarding the overall architecture of engines, which
connects these subsystems, have merely been brushed over.” [3].

The tools and implementations available for multi-player support and rendering computer
graphics are already available. However, the engine of an interactive simulation is always highly
specific to the research needs. Tools for creating such an engine are hard to find. Many
research /development teams using interactive simulation are reinventing the proverbial wheel.

The research question for this thesis is: What development guidelines are useful for creating
an interactive simulation? (RQ1). To answer this question another question has to be answered
first: What form should such guidelines have? (RQ1,).

By answering those question this thesis responds to Andersons research call at a very abstract
level. In it a framework for design that can support any combination of the types of learning
mentioned before is presented. Such a framework will help future serious game projects find
design problems earlier, when they are cheaper to fix.



Chapter 3

Research Method

To answer the research question presented in the previous chapter, first the sub-question needs
to be answered: what form should the answer be given in? In this chapter the fields of “Design
Science”, “Design Science Research” and “Systems Engineering” as well as the technique for
creating a functional design are introduced and shown to deliver a high quality design document:
a functional architecture, answering RQ1,.

Section covers “Design Science” and “Design Science Research” as described by Hevner [1]
1T] and Wieringa [25]. Subsequently, Section [3.2|gives an overview of the “Systems Engineering”
discipline. The type of document produced by systems engineering is known as a “Functional
Design”, or “Functional Architecture” and is explained in Section[3.3] Finally Section[3.4]describes
the modelling language used to write the functional design in: IDEFO.

3.1 Design Science Research

Design science uses a scientific approach to solve design problems. It can be used for any
engineering problem though within design science there are specialisations for the different types
of engineering. Design science research (DSR) takes a scientific look at design science, essentially
a meta approach to design science determining how to design design science. The relationship
between “real-world problem”, “design science”, and “design science research” is captured by
Hevner [I] in the design science research cycles described in section In section the
application of this to the design problem of interactive simulations is discussed.

3.1.1 DSR Glossary

Within DSR some words are used that have less well defined definitions outside of design science
research. Since this text will use those words with there strict definitions, those definitions are
given here.

design artefact A number of disciplines have design as the central element of what they do.
Examples of such disciplines are: Architecture, Computer Science, Software Engineering,
and Systems Engineering. Not every discipline uses the same definition of artefact [I1].
Here we consider the working design, be it a system in use, a compiled program or a built
building to be the result of applying the design artefact: the model for the system, the
source code, or the blueprint.



meta artefact An artefact that when applied results in another meta artefact or a design
artefact. An example is a software architecture, which informs designing source code before
it can be compiled into an application.

design problem When the solution to a problem needs a design artefact, the designing of that
artefact is what is called a design problem. It is a subset of the larger problem, but should
involve all aspects of it. For example: if the problem requires a building, the challenges in
actually creating that building inform the design process and resulting blue prints.

3.1.2 Design Science Research Cycles

This section describes the elements of the DSR cycles as depicted in Figure [3.1] First all of the
domains (the rectangles) and then the cycles. The domains are: Environment, Design Science
Research and Knowledge Base.

Environment Design Science Knowledge Base
Research

Application Build/Design

Domain o Artefacts Foundations

e People e Processes e Scientific

e Organi- /_\ /_\ Theories &
sational Relevance Design Rigor Methods
systenns @ Cele @ e Experience &

e Technical Expertise

Systems o Mota.
e Problems & Evaluate Artefacts
Opportunities

Figure 3.1: Design Science Research cycles [I]

There are 3 cycles in the DSR cycles. The “Relevance cycle” translates between a real-world
and a design problem, applying design artefacts to real-world problems in an attempt to solve
them. The “Design cycle” concerns itself with creating design artefacts that can solve design
problems and evaluates those designs. Finally the “Rigor cycle” attempts to extract generalised
data from the design artefact and design process that created it. The rigor cycle creates, amongst
other things, meta-artefacts. Meta-artefacts can be used to aid the design process in a subsequent
design cycle.

Environment Domain

The environment represents the real world. More specifically, it relates to the real-world compo-
nents of the problem that is being investigated. It contains all the people and organisations that
are involved with the problem as well as any systems that interact with it. As a part of mapping
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the environment, opportunities will arise: people, organisations and systems that can help solve
the problem in some way.

Design Science Research Domain

This domain encompasses the design of artefacts and processes that attempt to solve problems
in the environment. An attempt is also made to estimate how well a designed artefact or process
will do in a theoretical evaluation.

Knowledge Base Domain

In this domain resides the knowledge that is applied by the DSR domain. It contains theories on
how to design quickly and efficiently. These cover techniques and heuristics for good design, but
can also cover meta artefacts. The knowledge base aims to be a repository of existing experience
and expertise such that new projects can benefit from lessons learned in earlier ones.

Relevance Cycle

The relevance cycle ties together the environment and DSR domains. It defines the design
problem as a set of requirements. The requirements serve as the basis for the design and
evaluation. Finally the cycle carries back a proposed solution to be used in the environment.

Design Cycle

In the DSR domain might already exist a direct answer to the design problem which can
immediately be evaluated as a potential solution, or a new one can be designed. Whenever
a design is finished it should be compared to other designs and the requirements to check if it is
a valid fit, and if there are multiple solutions, which is the best. The design cycle iterates through
finding/creating designs and validating them until a design fits, and thus is good enough.

Rigor Cycle

Whenever design theories are applied, good designs are created or otherwise lessons are learned,
the rigor cycle can carry that experience to the knowledge base. In order to add to the knowledge
base in a meaningful way however, that experience should be drafted into an artefact. Whenever
the DSR domain requires scientific backing, these meta artefacts form the knowledge base that
can be consulted.

3.1.3 Applying DSR cycles to Interactive Simulations

DSR provides an appropriate framework to meet the challenges in the interactive simulation
domain set forth before. This section shows how those challenges map onto the DSR domains
and cycles.

Environment Domain

The list below describes some of the stakeholders and what their relation to the interactive
simulation might be.

Researchers Wants to answer their research question, possibly using a designed artefact like
an interactive simulation.
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Domain experts Needs to be motivated, by the interactive simulation and the design process,
to share their expertise and knowledge.

Financers Whether funding comes from business, university or elsewhere, they need to be
convinced their investment will yield the results they are looking for.

Amongst the requirements facing an interactive simulation are constraints set by the organ-
isations to which your domain experts belong, or their governing bodies. It cannot be assumed
everybody is allowed to share their knowledge and experience for the greater good. Another
source of requirements comes from limits on the technical systems that can or should be used.
This can be due to monetary limitations or for example licensing or integration needs.

As discussed previously a potential problem with getting an interactive simulation realised
is getting it funded, since it can be a costly enterprise. However, if the interactive simulation is
setup to support multiple avenues of research simultaneously it is possible to assemble a group
of researchers and businesses behind a single development project. Doing this should greatly
increase the chances of securing the funding needed.

Design Science Research Domain

As a domain this would contain any previously designed interactive simulations that might be
reused or adapted to be applied to the requirements coming from the environment through the
relevance cycle.

Knowledge Base Domain

As a result of applying the rigor cycle, the knowledge base will grow specifically with a meta-
artefact helping the design process for interactive simulations. This thesis takes the lessons
learned from GISEGas, turns them into a meta artefact in an effort to add to this knowledge
base.

Relevance Cycle

The purpose of the relevance cycle is to define the design problem by determining a set of
requirements from the environment to be solved by the design cycle. In the context of interactive
simulations the relevance cycle is applied every time a (series of) game(s) has to be run. A
researcher or group of researchers is applying the interactive simulation provided by the design
cycle to accumulate data to answer their research question. Convincing domain experts to play
the game is achieved when they believe there is something in it for them. One way this can be
achieved is by having a well designed, “fun” game. It is also important to make sure that any
conditions set when securing the financing are met. Examples of such conditions are: Producing
a certain amount of scientific output, or providing a business model for making money with the
produced artefact.

Design Cycle

In the context of creating an interactive simulation the design cycle should design the system
that will execute the simulation. This will likely be a collection of elements including:

visuals Something for the players to grasp what is happening within the game. This can be a
physical or virtual game board for example.

game rules Describing what players are and aren’t allowed to do.

12



simulation Crunching the numbers of time progressing the game world and making sure that
player actions have realistic effects on that game world.

player interaction Some control over the communication the players have with each other
isn’t unreasonable to expect. Whether it is facilitating and recording these interactions,
or preventing certain players from communicating or over-hearing is crucial to some of the
research associated with interactive simulations.

These elements might already exist within the DSR domain and thus do not have to be
designed from the ground up. Meta-artefacts and experience from the knowledge base should
help finding the right elements to combine and help determine which parts, if any, still need to
be designed.

Rigor Cycle

The core of this thesis is the application of the rigor cycle to learn from a previous design process
creating an interactive simulation, and creating a meta-artefact that will help subsequent designs
of interactive simulations qualitatively better and quicker leading to a reduction in cost.

3.2 Systems Engineering

Systems engineering is an engineering discipline that concerns itself with “the bigger picture”. Its
goal is to combine any skills needed, mostly from other engineering disciplines, into a coherent
system. Such a system does not only contain for example: software or machines, but also people
and organisations to give a whole picture of what is happening.

The aim for this thesis is to create a meta-artefact for the knowledge base. In the artefact the
complex interactions between stakeholders from different organisations that result in a game are
described. That game is likely to contain software components. Systems engineering provides
the tools and language needed to create a meaningful and understandable artefact.

The artefact created if a functional design also known as a functional architecture and will
is described in section [3.3] The design is visualised as a model and the modelling language used
for that is described further in section 3.4l

3.3 Functional Design

One of the tools used in systems engineering is the functional design, or functional architecture.
It describes a system as a series of functions with inputs, outputs and controls. It shows
the processes within a system and how they “talk” to each other. There is also a “physical”
architecture which describes the actual components. Note that there is not a one-to-one mapping
between these architectures as a component can perform multiple functions and a functions
implementation can be spread over multiple components.

3.4 IDEFO

IDEFO is the first member of the IDEF family of modelling languages. IDEF stands for Integrated
DEfinitions for Functional modelling. The focus for IDEFO is to be used to create a functional
or process model of a system [4].

13



3.4.1 Hierarchy

Functions in an IDEF0O model are numbered. Whenever a function is decomposed into sub-
functions those are numbered with the number of the super-function followed by a “.”, and a
number indicating its rank within the super-function. The rank is determined by what is most
important to the design. The system that is being described has number A.0 and is usually
shown in its context by showing its super-level: A.-1.

Functions have inputs on the left, describing any thing that has to go into the function.
Resulting information/artifacts come out of the right and are called the outputs. At the top of

function, parameters for that function can be set, these are called controls.

3.5 Method

Figure [3:2] shows the steps that led to the creation of the meta artefact based on the cycles from
design science research. First a literature search is done to establish the existing knowledge base,
allowing the design cycle to draw from that. Next an interactive simulation is developed. To
close the loop on the rigor cycle the newly created knowledge is distilled and fed back into the
knowledge base. In this case the feeding back includes the creation of the new FASD framework
(Functional Architecture for Serious game Design Framework).

The functional architecture is how the research question is answered, thus answering the sub
research question (RQ1,). The functional architecture combined with guidelines for using it
form the actual answer to the research question (RQ1).

rigor cycle

design cycle

rigor cycle

Literature 1152::;‘?5 o Distill
search . . Knowledge FASD
simulation

Figure 3.2: Steps taken to create FASD

Guidelines for
using FASD




Chapter 4

Developing an interactive simulation

Part of the method presented in the previous chapter is developing an interactive simulation.
This chapter describes the development of the GISEGas game and the development process
ending with the lessons that can be distilled from that process.

In Chapter [2] the definition of an interactive simulation is given. GISEGas fits that definition
in the broadest sense, forming a good basis to be used for the systems engineering approach
of functional design as described in Chapter To support both these points an extensive
description of the GISEGas game is given that ties into both previous chapters.

First an overview of the GISEGas project is given in Section ??. Section [I.2] describes how
GISEGas is setup, and section [I.3] how it is played. In sections [£.4] and [£.5 the implementations
of the board- and video game, Gasboard and GISEGas respectively, are described. How the
game is used to answer research questions is elaborated upon in section Finally in section
[47] the implementation of GISEGas will be linked to some general components that will lead to
the functional Architecture presented in Chapter [f]

4.1 GISEGas: an overview

The GISEGas project started with a game called Gasboard. Gasboard is a serious board game,
and is designed to serve as a catalyst for conversation about the introduction of biogas into
a traditional west-european gas network. Gasboard is included into a larger project called
GISEMarket and when it was decided to make it into a computer game renamed GISEGas.
The goal for GISEMarket is to investigate the investment process in to gas infrastructure in
the Netherlands [I2] [14]. Over time more potential research related to the GISEGas/Gasboard
game was identified and explored by multiple companies and researchers.

GISEGas was build as a collaboration between multiple companies, at least nine different
programmers worked on it over the course of several years. Table gives the result of using the
cloc software (https://github.com/AlDanial/cloc) on the source folders of different elements
of the project, showing the size of the final source code to be approximately 32.000 lines of code.
The software was used by more than 5 researchers and in business to various ends.

The author has spend at least 300 hours with the project and was responsible for several of
the major design choices and was at several points the only or lead developer on the project.
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Language | files | blank | comment code
Java 185 | 3.802 3.983 | 14.425
XML 3 0 1 204
C# 135 | 2.986 2.942 | 16.390
SQL 1 306 272 | 1413
Sum 324 | 7.094 7.198 | 32.432

Table 4.1: Number of lines of code of the major parts of the GISEGas project

4.2 GISEGas: the game

This section explains the way the Gasboard and GISEGas games work. First the way the world
is setup is given. Second the different roles that are available for a player to choose are explained.

4.2.1 What the game looks like

The initial game of Gasboard was modelled on games like “Settlers of Catan” [7] and “Power
Grid” [10]. There is a “world” made up of a hexagonal grid and players can buy game pieces to
put on the intersections. These game pieces can be connected to a network by putting pipes on
the edges. Next are the available pieces and their effects on the emerging network.

Well This game piece represents a natural resource of gas. It is typically part of the setup of
the board and additional ones cannot be bought. It has a limited amount of gas available
and not all gas can be pumped out at once in accordance to the laws of nature.

Outside source Some game setups can have an external supplier/buyer of gas. It will fix an
unbalanced network but will pay very little for excess gas it gets rid of, and charge very
much for extra gas it has to supply.

Digester This piece represents a farm where biogas is produced. Any gas that is produced
but not pumped out is converted to electricity. How much money is earned from selling
that electricity depends on the scenario. A digester can be upgraded to produce more gas.
Upgrading a digester is a smaller investment than building one at an additional location.
The gas coming from this game piece is of a lower quality than that from the natural or
outside source.

Factory This game piece uses gas, it creates products which can be sold and thus generates
and inflow of money into the system. The owner of the factory can indicate how much gas
it would like to get from the network, but if this gas is not being supplied to the network
that can lead to an imbalance. By default the factory can only accept gas of the quality
that the fossil gas producer provides, but it can be upgraded to also allow lower quality
gas, like from the digester to be used. Like the digester a factory can be upgraded to have
a higher capacity in a single location.

Pipe Is used to transfer gas from one intersection to another. The first player to put a pipe at
an intersection owns that intersection and can decide who can connect to it and under what
conditions. Pipes have a limited capacity that can be upgraded. Whenever something is
connected to the pipe network gas can be pumped in or out, this can lead to imbalance,
to be rectified by the outside source or by systems shutting down. It can also lead to the
quality of gas in the network dropping causing non-upgraded factories to no longer be able
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to use that gas and shutting down. A fee is charged automatically for pumping gas into or
out of an intersection to the owner of that intersection this is called the tariff.

Substation This game piece disconnects the pipe networks connected to it, it will also convert
the quality of gas from one network to the other like a lock in a canal. This game piece is
typically very expensive but can be used to connect digesters to an old network without
anything having to change in the “old” high quality gas network.

4.2.2 Roles in the game

In Gasboard and GISEGas not all players are the same. Not everybody can own every type of
game piece for example. This is to reflect the current situation in the real world where there are
also distinct roles. This list gives an overview of the roles typically found in a game, note that
not all roles have to be played by a human being and some roles might by present multiple times
in the game.

Fossil Gas Producer (fgp) The player with this role is the owner of the natural gas sources
and the sole provider of gas to the consumers at the start of the game. Depending on the
scenario this role may have contracts selling more gas than is available in their gas source.
A fgp is allowed to build pipes and substations.

Putin This player represents a foreign power able to provide or store a large amount of gas and
owns the “Outside Source” game piece. The idea is that if the player group makes a mistake
and too much gas is taken out of the system or too much is put in, Putin can take care
of the deficit or excess, at unfavourable prices to the players. The “Outside Source” game
piece is the is the only game piece this player is allowed to have. This role was automated
in GISEGas games.

Bio Gas Producer (bgp) A player with this role owns one or more Digesters. Their low-
quality bio gas is being turned into electricity but not for much profit. A bgp can build
additional digesters, pipes and substations. If they want to earn more money, an attempt
to get connected to a network so they can sell the gas should probably be made.

Consumer A player with this role has factories that consume (initially only fossil) gas to
produce goods and therefore money. Though this role tends to start with a contract
for gas with the fgp, they might look for cheaper and longer lasting sources of energy. A
consumer can build more factories, pipes and substations.

Grid Operator Typically only one player has this role. The player with this role owns all of
the initial infrastructure on the board and is required to attach a game piece to the network
when asked. The grid operator can charge a fee for that, limits for which are set by the
government. This connection fee is in addition to the transportation fee, also known as
tariffs, that were described at the pipe game piece, of which the grid operator has a lot.

Government Whenever disputes arise it is the government’s task to resolve it, to this end it
can set limits to the tariffs the grid operator is allowed to charge and it is allowed to
fine/subsidise players. The player with this role, there tends to be only one, is not allowed
to buy any game pieces. However, when a player goes bankrupt its assets are taken over
by the government.

(Investment) Bank There can be multiple roles of “bank”. This role keeps track of money
and can provide loans. In GISEGas this role was never assumed by a player, instead two
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simulate players were created. One is responsible for the bank accounts for all of the players
and allowed them to go “in the red”. The other could make investments based on strictly
formatted proposals from the players. Players with this role are not able to own any game
pieces.

Deus Ex Machina (DEM) This role is taken by the “game master”, he or she keeps an eye
on the proceedings and can manipulate the world if needed. Though disputes should be
solved by the player in the governmental role, the DEM can step in to help out the players
with tougher roles. This role would typically by taken by the researcher running the game.

4.3 Typical Game Session

A GISEGas game typically starts with the game organiser (usually also the DEM) explaining
about the world the players are about to participate in. It includes, depending on the level of
expertise of the participants, some background about gas. Most certainly the game organiser
will indicate the state of the game world: Fossil gas is running out, Bio gas is up and coming
but the consumers have long lasting contracts with the fossil gas producer. What is explicitly
left vague is the number of rounds to be played, and in general nothing is said about who “wins”
or even what constitutes a “win”.

For a group of players who have not played the game before an introductory game is started
where the goal is to not go bankrupt in the first round. This allows the players to get familiar
with the game controls and mechanics without having to worry a mistake ruins the rest of their
game. In the second round, which hopefully all players reached, the instruction becomes “go
bankrupt” which isn’t that difficult but also gives a lot of insight in what to look out for. After
this the game is reset and a “real” game is started.

The game organiser will have selected a scenario corresponding to the goal of the session, goals
can be for example a research question or a learning goal for the players. A scenario consists of
specifying how many players there are, what roles they have and what there starting assets are
(game pieces and money). Also included into the scenario can be to give some strategy or goal
to each player, for example to see whether having certain instructions changes behaviour, and
can help reach an optimal solution quicker.

After a couple of rounds a post-mortem would be done, discussing what went right, what
went wrong and, while the game was still in active development, if the players had any input for
that development.

GISEGas has been applied in multiple academic and business contexts. Though the business
context can be relevant to secure funding, the focus here is on how GISEGas is academically
relevant.

In order to provide academic results, experiments need to be repeatable. It is good to realise
that this type of game or simulation depends in large part on the people that are participating
in the interactive part of the simulation. A lot can be done in software but selecting the right
player group and instructing them correctly is paramount for a successful experiment, and having
sound results for the research being conducted.

4.4 Gasboard: the implementation
Initially this game was developed to be played at a table. It consists of a board, depicting the

hexagons and wooden game pieces that can be placed on that board. Players take turns based
on their role to buy pieces and negotiate contracts. At the end of a round (i.e. every player has
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Figure 4.1: Gasboard being played, image courtesy of Marcel Volkerts

had a turn), the state of the board is put into an excel sheet which gives some information about
how the state of the world changes by turning the clock, gas flows through the system, contracts

are resolved etc. Putting information into Excel and interpreting and communicating the results
is the role of the DEM.

4.5 GISEGas: the implementation

The GISEGas game consists of three major parts: the game client, the game server and the
calculation module. The game client can be compared to the game board in gasboard, it is what
the players see and interact with. Everything the players put into the client is sent to the game
server, it holds the “true” game world and determines what is and is not allowed. Whenever
a round ends the server calls the calculation module (calemod) to simulate the network and
determine what happens when time moves forward given the current setup. The result flows
back, through the server to the client and a new round is ready to be started.

4.5.1 The game client: Unity (C+#)

The game client is the face of the game, it is what the players see. Knowing this, effort was
spent early to make it look good. This helps keep people interested in the game and convince
stakeholders to invest in it. This meant that some elements of the game where developed in the
client before they existed in the server. While developing the server this led to some challenges
where the client reacted different then expected based on the design.

As the game became more complex and the number of (types of) messages between the client
and the server grew, it became more and more apparent that the communication had to be
formalised in to an Application Programmer Interface (API). Writing the API documentation
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Figure 4.2: The UI of the game client

first allows for it to be well designed and the client and server to follow that documentation
strictly, instead of testing having to be done after the fact to figure out what is going on.

Late in the project, while refactoring the code, it was discovered that there were several
implementation of solutions for essentially the same problem. In those final stages of the project
much effort was put forth in finding and solving problems occurring from inconsistency between
client and server, which was one of the things that was inconsistently implemented.

4.5.2 The game server: SmartFoxServer (SFS) Extension (Java)

The core (in the project also referred to as kernel) of the extension was started by modelling the
interactions between the agentsEI in the game. The language used to describe these agents and
the interactions between them is called TALL (The AgentLab Language). All roles as described
before are linked to an agent, each agent can subsequently be linked to a human or a virtual
player.

A representation of the game world was developed to reflect what was being shown in the
game client. The goal being to share the world state between players. It was realised the
implementation was the wrong way around. The “truth” about the state of the game world and
by extension the game board should reside in the server and the client should reflect the servers
state. Rules where added to govern which agents could perform what (type of) action and a
mechanism for denying actions was implemented. From this point on the control was definitely
in the server.

1In the context of describing this process the term “actor” should be used here. As the discussion turns to
software however, the term “agent” is more appropriate.
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At this point development was shifted to increasing the scope of the represented world.
Elements were added like a monetary system including a bank, bank accounts, loans and interest.
Additional game pieces with more intricate rules were added and Ul work was done adding more
information for players to see and, when appropriate, manipulate. As more options were given
to the players it was discovered that the rules for the world were not always clear “what should
happen when a player goes bankrupt?” and “how do you define bankruptcy?”.

The ad-hoc decision making by the DEM on how the world should react was interesting,
showing how much room for interpretation there is. A human can easily deal with this complexity
but the rules needed to be made explicit for the server to implement them. Play testing also led
to changes being made in choices that turned out not to work well and more ad-hoc solving of
problems that were found with game flow, and ease of use. This way of working reflects the agile
workflow of the development, but led to unnecessary extra work.

The final product was reasonably consistent, though the proverbial wheel was reinvented
more often than seems necessary on retrospect.

4.5.3 The calculation module: MOPED (AIMMS)

MOPED, also referred to as calcmod, provides the SFS Extension with simulation data about
how gas flows in a network. Whenever a time step is taken in SFS it will ask MOPED to calculate
how much gas can be pumped in and out of the network, compared to what players setup their
game pieces to do. This allows SFS to apply game rules like what a player has to pay in tariffs.

The communication between MOPED and SFS was done via a database both could read from
and write in. Flags in a certain table where used to indicate between them what they where
doing (flags indicating “please calculate” set by SFS and result flags like “done” or error codes set
by MOPED). This turned out to be a design flaw when trying to move MOPED to a different
machine than SFS and this effort was eventually abandoned.

Throughout development only minor changes where needed to MOPED, mostly due to bugs
found over time. The initial estimation for the scope of this module appear to have been largely
correct.

4.6 Applying GISEGas to research

Over the course of the GISEGas project the game was played many times. There were test games
played mostly with the development team: programmers, researchers, and business partners;
these sessions where merely to test or demonstrate functionality of the game. The game was also
applied in a research context. These are several examples of how the game has been used.

GISEGas has been applied to aid students in a Systems Engineering course understand the
problem they were facing. Topic of interest in these sessions were: “Does playing a Serious Game
help design a system in the domain of that game?”, “Does designing a system help play a serious
game in the same domain as the system?” and “Does playing a serious game after having designed
a system in that same domain and then having the opportunity to redesign the system change
that design?”. These questions are part of an effort to determine whether serious games can be
used to help teach courses that combine multiple disciplines (also known as integrative courses)
[23].

Another researcher was interested in “the prisoners dilemma” in the context of negotiations
and investment decisions. The dilemma boils down to: it might be better to not take short-
term gain in order to prevent mutual destruction. By documenting all decisions being made and
trying to find instances of the prisoners dilemma the negotiations leading to that decision could
be analysed.
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Figure 4.3: The view of a room of students playing GISEGas in an experiment setup with the
screen of the DEM shown

GISEGas is used by business as a revenue generating enterprise. The company doing this
provides hosted games for real world stakeholders at least some of whom are operating in the
real-world domain of gas trade, infrastructure and investment.

Whenever a gaming session was held, the results and feedback were used to refine the design
of the game. This resulted in more relevant data for researchers that was better accessible and
a smoother game experience for the players.

4.7 Applying the rigor cycle

4.7.1 Using the game

Playing the game or “running the simulation” requires some functions to be executed. At the top
level two functions can be identified for the software to perform, namely: Keeping track of some
representation of the world and its rules, and secondly determining the actions for Agents that
are not controlled by a human player. A third function is for the human players: perform actions
for Agents that are controlled by a human player. The software has to provide an interface to
do this.

Representing the world

In GISEGas the domain model consists of Java objects that are mapped to a database using
Object Relational Modelling (ORM). Whenever a time step needs to be taken, like at the end of
a round, the gas network is simulated by AIMMS. Handling the passing of time for things like
contracts and loans, is done in another simulation engine, the “bankcalcmod”, implemented in

22



the SFS Extension. For a long time there was a struggle as to how to handle when what was
allowed to be changed, which led to the need to enforce game rules.

Domain model The domain is modelled in Java objects, this allows it to be directly used
by the SmartFoxServer (SFS) extension. Using the Java Persistence API (JPA) allows for easy
storage in a MySQL database which formed the backbone of the interaction with AIMMS and
persistency through server restarts.

Simulate domain The core simulation for GISEGas, the gas flows, is simulated using AIMMS.
It read the current location for all objects and the associated settings (how big are they, should
they function at full capacity, etc.) directly from the MySQL database that was kept up to date
by SFS.

Anything else that changed over time, like money automatically changing hands based on
contracts, was done by the SFS extension.

Apply game rules The development team struggled with how to implement the enforcement
of game rules. Eventually a system was setup where, whenever a request comes in, it is first
checked for permission (is this player allowed to do this at this time). Then a probe is made into
the model, not actually changing anything but checking if the change would lead to any issues
(e.g. upgrading a factory already of the maximum size), if no problems are found the model is
updated to reflect the change. Whenever a move was not allowed, the player attempting the
move is notified.

In retrospect the moves made by simulated players should also flow through this system.
This was not done initially due to the assumption that a simulated player would never attempt
an illegal move. This assumption might not hold when computer controlled agents try to play
smarter and try to find the bounds of what is allowed or contain otherwise game breaking bugs.
All moves should be checked for validity.

Agents not linked to a virtual player

In GISEGas any actor that could make decisions was modelled as an agent. Representing who
can own game pieces have a bank account etc. is always an “Agent” object. Some agents can
be marked as Non-Player Characters (NPCs), these agents do not appear in lists where players
choose an agent to control or interact with other players. The NPCs implement some logic,
respond to specific questions, like “can I get this loan from you?”.

Examples of NPCs in GISEGas are the bank and investmentBanker. Especially the invest-
ment banker could be interesting allowing the virtual player to review the assets of the agent
asking for an investment and determining the investment the investment banker is willing to
make based on how much collateral the requesting player can put up. Unfortunately this system
was not implemented by the time the project ended.

Agents linked to a human player

Most agents in the game would be linked to a player. These players can interact with each other
using the built-in chat system. This proves to be useful for analysing games and interactions
after the game has finished. The players interact with the game world by using a browser plugin.
This shows them the state of the world (gotten from the game server) and any changes, for
example when another player makes a move.
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Different clients can be created and used based on the needs of the users. To not have to
deal with different systems players might use, they would always run the web client. Sometimes
the DEM system was outfitted with a special version of the client. A spectator client was also
created to have a game board but no other U, to show on a central screen for people spectating
the game, or as centre piece for the players to look at.
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Chapter 5

A Functional Architecture for
Serious game Design (FASD)

In Chapter [2] the need for a high level architecture of an interactive simulation is underlined.
In Chapter [3| the fields of design science and systems engineering are described as useful and
appropriate to reduce the problem They enable taking a case and extracting from it the generic
features needed. Chapter [4] describes such a case in GISEGas and starts to extract some of those
generic features.

In this chapter a generic functional design for an interactive simulation is explained, it is
created based on the GISEGas case. The modelling language used to describe the architecture is
IDEFO0, which allows enough expressiveness to capture the necessary details, and at the same time
is simple enough for non-experts to quickly grasp. When designing a game, or validating such a
design, the designer can check whether all functional parts as described here are implemented in
the design.

The model is built hierarchically from functions, as described in section with the function
describing the entire process of running a game as A.0. The explanation of the model starts at
level A.-1 showing the context for level A.0. Whenever a function is elaborated on, first a
hierarchical diagram is shown to give an overview of the sub-functions. Then an interaction
diagram shows how these sub-functions interact with each other.

5.1 A.-1 System Context

The A.—lE] level presents the environment the system exists in; the constraints acting upon it. As
the goal of the system is knowledge gathering, the function associated with reaching that goal is
“Perform Research”. The context for the A.0 research presented here is academic in nature. The
context can also be provided by business instead of academia, such a change should not change
A.0, but would influence the requirements and motivations of the stakeholders.

At the top of the interaction diagram we see the outside “interest in the domain”. This is
the external trigger causing the interest in a topic. There can be any number of actors and
motivations there, but this is not a topic further explored in this thesis. It suffices to assume
there is interest in gaining knowledge. From this interest stems a desire to debate and publish
about a topic. The two of these are linked by our system in the sense that out of the debate
come research requirements. The research then takes those requirements and hopefully output

1A.dash.1 in the diagram due to limitations in the software used to draw it
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Figure 5.1: Level A.-1
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some results which can then be published. Those publications should lead to further discussion,
new or refined requirements which can then be used for further research and eventually lead to
more publications.

In short the A.-1 function transforms interest in the domain into (published) results, using
the scientific method.

5.2 A.0 Perform Research

Level A.-1 is generic and can be applied to any form of research. Here, at level A.0 the assumption
is made that the research will be conducted using some form of (interactive) simulation.

At the beginning of the research project the requirements are formulated and lead to the type
of research that needs to be performed. How this breaks down into sub-functions and adopts
the simulation is discussed further in A.2 (Section . After that, those parameters are used
to perform the simulation discussed further in A.1 (Section and finally the results of the
simulation will be analysed to form the results of the research and feedback into the research
design to help refine the theories, restarting this chain of events.

5.3 A.2 Design Research

The designing of research aimed at using the interactive simulation described in this thesis
revolves around the testing of hypotheses. A hypothesis can be formulated using: previous
theories, the conducted research and their results, and the research requirements coming from
the research field and business. The hypothesis is then tested using the interactive simulation.

After a hypothesis is formulated the researcher should define scenarios that can verify or
reject that hypothesis. Such a scenario gives a starting state of the world (structural, dynamic
and data components need to be defined), and rules that will govern the game, like how time
will progress. Given one or more scenarios, sessions can be planned. Not only does this mean a
time and maybe place, but the selection of the “player” group can be very important. Questions
like: “Should the group play multiple games?”, “Can a player have prior experience”, and “Does
the players background influence his decisions in a way that might skew the results?” need to be
answered.

When trying to compare different groups of players it is difficult to predict all variables.
Opinions regarding for example how liberal or conservative the government should be can play a
large factor in how a player approach their role. Careful player selection is part of the solution,
another is giving the players instructions like a goal or strategy. This can ensure multiple players
in the same role start the game with a similar mindset helping to compare them.

5.4 A.1 Perform Simulation

When performing the simulation there will be some representation of the simulated world. This
representation can be very close to “reality” or very abstracted from it. An example of a world
very close to reality is that of a racing simulator used by formula 1 drivers to train with. An
example of a very abstract representation is that of chess to learn about battle tactics. Either
way, the representation serves as the basis for the simulation. Over the course of the game the
state of the simulated world changes. The result of the simulation is the final state of the world.
Research can involve the state the world reached trying to predict the future given certain input.
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Figure 5.2: Level A.0
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Figure 5.3: Level A.2
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Figure 5.4: Level A.1
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Alternatively, research can try to find what is needed to reach a particular future. Such research
can be used to determine what actors need to do in the near term to reach their long term goals.

Over the course of the simulation several events change the state of the world. Some changes
come from within the world, like from the passing of time in the simulated world. Those will be
explored when taking a closer look at A.1.1 in section [5.5] Other changes come from the agents
in the world. The group of agents can be split in two: agents that are being controlled by the
simulation, and those that are not. If the group not being controlled by the simulation does not
exist, this would just be a simulation. Adding input to the state of the world from outside makes
this an interactive simulation. It should be noted that this architecture could be used to create
a simulation by making sure all agents are completely automated.

Agents controlled by the simulation will need some kind of artificial intelligence(AI), at the
current level of technology their decision making should be expressible as a set of rules. For
example “the bank” in Monopoly has no autonomy, it simply follows exactly the very clear
rules and this would be a prime candidate for a simulated agent. When decisions become more
complicated it becomes more difficult to write rules that accurately predict what would happen
in the real world. To make the behaviour of an agent that should make complex decisions
better, a human, preferably a domain expert, can take those decisions. Since that human is now
interacting with the simulation, the simulation has become interactive.

5.5 A.1.1 Represent the World

This function deals with everything concerning the simulated world, serving as a gatekeeper for
any changes to it, and responsible for keeping a valid and accurate representation of it. Its
input are actions from players, simulated or real, and its output is either a changed world, or
an error to the user saying why the world hasn’t changed. Certain moves may not be allowed
based either on the rules of the world, or the rules of the game. A filter is used to check the
validity of the moves presented. Some changes to the world happen because of passage of (game)
time. Whenever a time step is taken, the progression of the world is simulated, for example gas
flowing through a pipe or a factory producing goods. Though it is the Function A.1.1.2 that
simulates the domain and thus “consumes” time, the game rules and therefore function A.1.1.3
governs the passage of time in the game. The game rules determine when and by how much in
game time should change, activates the simulation to simulate for that amount of time. Triggers
for changing in game time can be: real world time passing or players indicating the end of their
round.

The main purpose for this function is to maintain the valid state of the world. Whenever
someone needs to know what the world looks like, they can get an accurate and up-to-date
representation. Note that the visual representation of the game world is not a part of this
function, though indicating a new version is available should be.

Keeping a record of the moves and domain model events allows a researcher to precisely
reconstruct what happened in a game, since those are the only ways to change the state of the
world. An obvious candidate to log this events is the apply game rule function, which keeps
track not only of all legal moves, but also attempts to do things that are not allowed.

5.6 A.1.1.1 Represent Domain Model

Within the domain model (the state of the world), three distinct types of information are stored:

e The “physical” blocks the world is made up of, in a board game these would be the pieces
and the board. These are known as the structural components.
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Figure 5.5: Level A.1.1
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Figure 5.6: A.1.1.1 Hierarchical diagram, there are no interactions between these functions

e The dynamic components. They represent the things “flowing” through the game.

e “data”, representing anything intangible. Examples of data components are prices for goods
that are set by the scenario instead of a (simulated) player, rates for natural disasters and
SO on.

5.7 A.1.1.3 Apply Game Rules

This function is responsible for checking whether a player is allowed to perform a move at the
current time. Presumably players will test the limits of the rules and those rules should therefore
be strictly enforced. When the move is allowed or if the change comes from simulating the world,
a check is made whether this would put the world in an illegal state. It is up to the game rules to
resolve the illegal state before changing the representation of the world, thus ensuring the validity
of the move. An example of an illegal state: After handling interest payments a player has less
money then allowed. A resolution for this can be: bankrupting the player and eliminating him
from the game.

5.8 How to use this architecture

The architecture presented here serves at a starting point for aggregating information on the
experiences of designing interactive simulations. When a designer is creating an interactive
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Figure 5.7: Level A.1.1.3

A.1.1.31
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simulation, or is looking to validate it, this architecture can serve as the knowledge base for that
design. When an interactive simulation has been designed, successful or not, the experience and
knowledge gained can be added to this architecture to make it better for future designers. In
other words, the rigor cycle should be applied to use and improve this meta-artefact.

Chapter [0] gives general remarks about how to use a functional architecture. It also gives
step-by-step guidelines of how an agile development process would use the architecture. The
architecture and guidelines together form the FASD framework. In Chapter [7] the process is
described of how the architecture can be used to validate the game, that also gives validation of
the architecture in the process.
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Chapter 6

(Guidelines for applying FASD

6.1 General comments about using the architecture

This functional architecture can be applied at every stage of the design process. The way to
use it to validate a design, for example in order to compare it to other designs, is presented
in Chapter Here using the framework at the start of a project and during development are
discussed.

6.1.1 At the beginning

Ideally this framework is used from the outset of the project. The functions of the architecture
should serve as a common vernacular for the project so that it helps align the team.

A minimal viable product should be created by getting the cheapest implementation for each
of the functions possible. This might include creating a game board with pencil and paper, and
calculations being done by a “game master” in a spreadsheet.

Requirements for the research, and thus the game, will inevitably change. When this happens
anybody involved, be it: project management, researcher, domain expert or anyone else, should
be able to identify in what function(s) the change should happen. Having this clear distinction
for the whole team will allow the nature of the change to be determined faster and the impact
assessed more accurately. All of that combines to help the project stay on schedule.

Since all functions are implemented in some form from the start of the project the game should
always be in a playable state. This will allow “play testing” to happen from the beginning. In this
context “play testing” refers to playing the game to find shortcomings in the design, whether it
be unwanted restrictions imposed by implementation, or elements that are frustrating for new or
experienced players. These tests will help requirements evolve more quickly, hopefully stabilising
earlier in development.

Because modularity of the design is imposed from the beginning expanding a single element
will be less work than when the entire architecture would have to change to do that. An example
is the rule checking module that was added to the GISEGas project very late and thus at much
greater cost then it would otherwise have been.

6.1.2 During development

If a project has already started, applying the functional architecture can still be beneficial. The
first step should then be a validation of the current design, fitting the design (or more importantly
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the implemented parts) to the functions of the framework. If any parts are missing they should
be added in the same “minimal viable product”™way as described before. This will get the design
on track for all of the time saving benefits also described above.

Getting the team to use the “new” terminology might prove difficult. But during the eval-
uation of the results of the previous step it is wise to check whether having this hierarchy of
functions highlights a misunderstanding between the “implementation-people” and the rest of
the team. At least a connection should be made between the terminology in use so far and the
model, possibly supplementing it with elements that were missing or over looked up to now.

6.2 Using the architecture step-by-step

1.

A.0 Perform Research - When wanting to use this framework, that must mean a research
topic has been selected. With regards to design cycles, this means the environment is fixed
and it can now be mapped, stakeholders approached etc.. Note that it is possible to try
to answer questions from multiple topics with a single project, making the project more
complex, but the base for funding wider.

A2 Design Research - As the goal for going through this architecture is to apply the design
cycle to create an interactive simulation, first the relevance cycle should be done.

This means creating one or more research questions the stakeholders want to answer with
this project. These research questions should be linked to hypotheses (A.2.1). Given these
hypotheses scenario’s can be created (A.2.2) which lead to the requirements for the game.

The requirements for the game should cover anything the game is able to do and anything
a player is able to do during the game. The requirements should be prioritised, for example
using the MoSCoW scale (Must have, Should have, Could have and Would like to have,
a.k.a. Won’t have)).

It is unlikely for the requirements to stay the same through the project and this step
will have to be repeated several times during the course of the project to make sure the
requirements and priorities are still in line with the project goals.

A.1.1.1 Represent the domain model - Given the domain(s) that are the topic of research
for this project, determine what approximate granularity the domain should be recorded
at. It will help finding what to represent and how by categorising the components into the
sub-functions of A.1.1.1 (Structural, Dynamic and Data). Perhaps realising the similarities
and dissimilarities between certain components.

Now, decide how to present the domain model to the player, and try to find a cheap way
to implement it. For example, if you are emulating an existing (board) game, try reusing
its game pieces. Also make sure that when changes are made to the model, they are reflect
in the representation the players get. Essentially implementing the Model and View parts
of the Model-View-Controller pattern.

A.1.1.2 Simulate domain model - now that there is a domain model determine what the
passing of time should do to the model. How this is implemented determines how often
this can be triggered (i.e. having to do a lot by hand makes it infeasible to have it up date
continuously). Having a domain expert that can explain how the domain works and/or
show the tools of the trade will be a tremendous help here.

A.1.1.3 Apply Game Rules - When looking at the Model-View-Controller pattern this would
be the controller, any changes that happen to the model should be “approved” and done by
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this controller. Initially this might be the game master running the game. The controller
is also responsible for making sure time passes in the game, triggering simulations cycles
whenever appropriate, notifying players of their turn etc. (A.1.1.3.1).

Some of the game rules are there to make sure the simulated world corresponds to the
real-world. It can be very useful to have a domain expert help determine what the rules
might be. These will be mostly in the “Detect illegal move” (A.1.1.3.3) category. Others
are directed at making sure the flow of game play works as planned, i.e. “Check permission”
(A.1.1.3.2). For some rules it might not be clear in what category the fall, be aware that
the domain expert might have an opinion on a rule that is there for a good reason that is
not theirs to comment on.

. A.1.2 Simulate non player actions - These should be actions that players are able to do,
but not willing to, for example because it is tedious. Initially these tasks can be done by
extra players or the game master, depending on how much time they take to perform.

. A.1.3 Perform Stakeholder Actions and A.2.3 Host Game Session - Now it is time to host a
first (test) game session. The player group should be “cheap” so not CEQ’s from all the big
companies in the domain, but people who can provide criticism, preferably stakeholders
close to the project. This session will allow evaluation of all of the previous steps and
fine-tuning or even flat-out changing the requirements set up at the beginning.

Playing the game even at this early stage might lead to formulation of new hypotheses or the
reformulation of old ones. The scenarios should be checked to still match the hypotheses,
the requirements should still match the scenarios and the implementation the requirements.

. Tterating - Now parts can be build out, keeping in mind the research goals. Each iteration
should make it easier to play/perform the research. If the goal of the research is to play the
games a lot, making a game require less work from the researcher is most important (thus
automating the things being done by the game master). Maybe having a continuously
updating model is necessary, which means the cycle of updating the model and seeing
those changes should be very short and time should be spent on automating that. After
each iteration step 7 should be repeated, making sure the project is still on-track for all
stakeholders and allowing them to correct course if necessary. Eventually an iteration will
be “good-enough”.

. Research - Once the game is deemed “good-enough” research can start. New issues can
crop up and can be fixed by going back steps 7 and 8.

38



Chapter 7

Validation & Discussion

As outlined in Chapter [3] the knowledge base and design science are linked through the rigor
cycle. What this means is we can use the knowledge base, like to FASD framework to validate
artefacts create by design science. The application of design science can subsequently feedback
new insight into the knowledge base. In Section a serious game project, other then GISEGas,
is validated using FASD. The succes of that validation inspires confidence in the usefulness of
the framework for other projects. In Section potential criticism of FASD and the method
that created it is presented and waylaid.

7.1 Validating FASD

The FASD framework is a meta-artefact. To unequivocally prove its value, two similar projects
should be followed, one using the framework and one not. At the end metrics like cost efficiency
and how well designed the end product is can then be compared to show if there is a benefit to
using the framework. However, finding two projects similar enough to do that, and letting one
intentionally “fail” is not commercially viable.

There is another way to show the frameworks value, using again design science research.
The framework can be used in the validation step of the design cycle of an artefact where the
framework could have been used. If the designed artefact is valid according to the framework, but
fails in application or is invalid but succeeds, that disproves the framework. When the design
proves to not be completely valid, the framework can be applied in the next iteration of the
design cycle to make sure it becomes valid. This approach makes it difficult to say exactly how
much the framework contributes, but is much cheaper and easier to do. Every time a designer
feels their project improved from using the framework, that strengthens the claim it is correct.
When the the lessons learned in the project lead to changes in the framework, that should make
it even better.

Jan Willem Veeningen, who designed the “From Energy to Synergy” game, expressed interest
in improving his game using FASD. This made a candid discussion about the state of his game and
the possibilities to improve it a mutual interest. Section[7.1.1]describes his game, addresses which
parts where valid, how the project could benefit from the parts that where not corresponding to
the framework yet, and finally how this discussion validates FASD.
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7.1.1 From Energy to Synergy

At the University of Groningen, Jan Willem Veeningen is working on the game: “From Energy
to Synergy”. In the game producers of renewable energy are challenged to sell their energy to
industrial consumers directly, bypassing the main energy suppliers network. Outside of the main
network they need to reach agreements on the price for the energy and how to cover the cost of
infrastructure. Available game pieces are: windmills, electric lines, factories and batteries. The
application of batteries to this problem was only recently made possible through technological
advancement and is the main topic of research for this game.

Validating the design

Most of the higher-level functions are easily recognised. There is a representation of the world
and some way for users to interact with that representation. Within the representation of the
world there are the concepts of structural, dynamic and data components, and the domain model
can run through a set of calculations that represent the passing of time (simulate domain model).

Some of the more specfic functions did not have clear answers yet. At the research level for
example, the player group composition was not well defined. This can however be attributed to
the project not yet having reached an iteration where this was very significant.

Improving the design

The framework is intended for use in a software development scenario. As such it is based
on traditional Object Oriented concepts like encapsulation and delegation. It also intends to
suggest useful superclasses which can be extended for specific implementation. “From Energy to
Synergy” was not yet being developed in a higher level programming language and relied mostly
on spreadsheets, like gasboard. This limits the usefulness of the framework for the current code
base, but can greatly help in identifying which parts do what currently, and how that should
translate to the next fase of the project.

The function: “Apply Game Rules” is not covered by the current implementation. Violation
of the rules is dealt with by indicating to the player when an illegal move is about to happen
and trusting that the player will correct his or her input. When a player neglects to act on the
warning this might invalidate the rest of the experiment. Confusion about what is valid, and who
should input what exactly has already lead to issues during game sessions. Having the game give
clear feedback about what cannot happen and only applying what can happen can help resolve
this problem.

“From Energy to Synergy” Is played by players editing the world state directly in a Google
Docs Spreadsheet. The spreadsheet is both the input/output mechanism and representation of
the game world. Though Google docs, as a tool for collaboration, does versioning and keeps
track of who makes changes, this setup presents challenges for analysing how the world state
develops. When actions are clearly specified and approved before being allowed to change the
world state finding how a state came to be is much easier and controlling what can and cannot
happen can be controlled more strictly. The decision for implementing the game like this can be
defended by the phase the game is in, but will limit the game from growing beyond its current
application.

Validating the framework

No elements of FASD where invalidated. Whenever a function is not performed by any part of
the implementation this is identifiable as a part where the game needs to be developed further. It
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also seems, subjectively, that having the framework will boost further development giving clear
guidelines for what categories need to be covered, allowing for a translation between the current
project and future iterations.

7.2 Limitations

The main counter agains the method used to develop FASD is that it relies on only a single
example of a serious game. This does limit how good this version of FASD can be, but there
are two reasons why this is not a big problem. First, having only one game is mitigated by
GISEGas being a very good game to base this initial version on. Second, the framework needs
to be iterated upon anyway, this is merely a starting of point.

GISEGas is a good case because it addresses the needs of many diverse stakeholders. Those
stakeholders provided input while the game was still under development, leading to a very agile
game suitable for many purposes. The framework drawn from GISEGas is as diverse, and
therefore generally applicable, as the applications the game was used for.

Applying design science [25], the way to get a better (meta-)artefact is to iterate on it. The
functional architecture presented here should be a sound first iteration, but by no means the last.
Through the “From Energy to Synergy” project it has already contributed to the development of
another game, proving its value and significance. In addition to that, Jan Willem has indicated
his intention to contribute his findings back to the meta-artefact adding a function dealing with
the creation of scenarios.
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Chapter 8

Conclusion

The first question this thesis answers is RQ1, asking how to convey development guidelines for
serious games in general and interactive simulations especially. The main challenge for this type
of project is that they are one of a kind, dedicated software projects. The answer was found
in the field of Design Science Research combined with Systems Engineering. Guidelines should
be captured in an IDEF0 diagram which shows the functions that need to be covered by any
interactive simulation implementation, regardless of the domain it covers. Such a meta-artefact,
describing not the general design of an artefact, but how to approach designing an artefact is
called a functional architecture.

Answering the real research question, RQ1, creating the guidelines as a functional architecture
requires studying an example of an interactive simulation. Since this case should serve as a
template for as many projects as possible the very broadly applied GISEGas is an excellent
example. The lessons learned have been converted into a functional architecture describing all of
the major elements that need to be covered when designing an interactive simulation. A series of
steps describing how to apply the architecture to a project are also provided. Together the steps
and architecture form the FASD framework. FASD should help any serious game, but especially
interactive simulation, achieve a better design faster.

The FASD framework was compared to an ongoing interactive simulation development project
validating its usefulness and correctness to a promising degree.

8.1 Future work

8.1.1 Validate further design through usage

When a game is designed from the ground up using the FASD framework, the success and/or
specific failures of such a project will show the validity and shortcomings of this framework. As
with “From Energy to Synergy”, even ongoing research projects involving serious games can use
this framework without having to start from the beginning. Instead the researcher might find
components that are needed earlier, and adjust the planned development efforts accordingly.

Whenever such a project leads to new insight, whether it be validating the existing framework
or improving on its shortcomings, they should feedback into the knowledge base. Allowing
subsequent projects to benefit from the lessons learned.
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8.1.2 Improve design based on more real-world data

A different approach can be taken, checking existing serious game designs against the framework.
Checking whether being valid according to the framework and the project being a succes can give
insight into the correctness of the framework. Looking at the difference between succesful and
failed projects in the context of a functional architecture can also provide insight into functions
that can be added or expanded upon in the framework.

8.1.3 Software architecture and components

Though by its very nature a functional architecture does not mandate a specific physical or
software architecture, one could be created to fit this framework. Such a framework could provide
even more of a springboard for interactive simulation development. An example of a component
that could benefit from such treatment is the GISEGas Kernel, which provides a template for
player interaction using TALL (The Agent Lab Language), handeling turn permissions and
restrictions.
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Abstract. This is a position paper. It discusses specific educational
issues encountered during the Systems Engineering Design course at the
Industrial Engineering and Management master program at the Univer-
sity of Groningen. It explains first the concept of an integrative course,
an innovation that was applied first in this master program. It explains
the causes and effects of two observed educational shortcomings of this
course, and it links these to the extant literature. Finally, the paper
proposes two ideas to address these shortcomings.

1 Introduction and Background

According to the current standards on engineering education [1], the courses in
an engineering study program can be classified either as lecture-centric (LC),
problem-based (PB or inquiry- based), project-assisted (PA), or project-centric
(PC sometimes, these courses are named capstone courses). In the Industrial
Engineering and Management (IEM) study program at the University of Gronin-
gen (RUG, in the Netherlands), an innovative learning paradigm has been devel-
oped and applied in the last decade: the integrative course. This kind of course is
one that is placed at the end of the curriculum schedule, and requires the appli-
cation of knowledge and skills learnt from the majority of the previous courses.
The integrative courses are meant to apply both paradigms of problem-based
learning and project-centric learning. This concept may sound similar to the
capstone course [10].

Currently, at IEM, there is an accumulated experience of teaching integrative
courses over the past 8 years, and there has been confirmation that the outcomes
of these courses are the desired ones. The first source of confirmation has been
the short-term and long-term feedback given by the graduates and alumni from
the last decade. The second source was the industry, and the third source was
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the formal accreditation reports of the IEM program, revealing an increase in
the quality of the master theses produced in the last years.

Despite the apparent success of the integrative courses revealed by these
sources, the teachers who are involved in their development are aware of two
major shortcomings that reduce the effectiveness of teaching in the integra-
tive manner. The extant literature [6] and exchange of experience (via per-
sonal channels) on the subject show that these shortcomings are not unique at
RUG. The first shortcoming is the lack of realism and veracity of the “problem”
that is to be solved by the designs developed during the integrative study. The
second shortcoming is the lack of cognitive engagement between the teams and
individual students who are doing the designs for the coursework, leading to a
fragmented project development, and also a lack of communication and align-
ment in the integrative process. Later in this paper, the authors propose two
ways to mitigate these shortcomings.

In the Netherlands, the higher education in engineering is provided by some
of the existing public universities. In addition to these, there are a few dozen
universities of applied sciences (UAS) and offering bachelor and more recently
master level programs in various engineering disciplines.

During the 1990s, two change tendencies emerged in Dutch universities. The
first change was driven by the industry, which asked more vocally for engineering
students with skills like team work, context and problem complexity understand-
ing, the ability to diagnose complex problems, communicate the findings, and the
preparedness to coordinate solution efforts. At its core, this request challenged
the old style of “chalk and talk” (i.e. LC) teaching. The universities responded
in various ways, one being by applying PB learning, and another by inviting
more and more professionals as guest lecturers. It was quickly learned later that
PB learning is not the single or even the best solution for engineering.

The second change was to respond to the demand of the industry for a more
multi-disciplinary kind of graduate. The response was a new type of engineering
study program, namely the IEM. These master degrees are supported in each of
these universities by a similar bachelor study program in IEM. Students who earn
a bachelor degree in Industrial Engineering from an UAS can follow a special
adaptation coursework for half a year and then start one of these master studies
in TEM.

These IEM programs appeared exactly when PC and PB learning started
to be applied in various engineering programs universities in the world. The
disciplines that can be taught in PB style are those where knowledge is rather
encyclopedic and less hierarchical (that is, the order in which the concepts are
learned is not so important). The emphasis in these courses is to investigate a
“situation/problem”, and find its causes (diagnostic). This is similar to the initial
application of problem-based learning in medicine [11], and students learn and
put together the pieces of knowledge along the way in finding the causes of the
investigated “problem” (i.e. finding a diagnostic for it).

For those disciplines where knowledge is strictly hierarchical, the style of
teaching is either PA or PC. The emphasis in PA courses is on analysis. The
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“problem /opportunity” that triggers the design is given by the teacher, and its
causes and diagnosis are clearly established beforehand. The students have to
analyse and specify requirements for a future design.

The disciplines taught in PC style, like for example software project manage-
ment and control systems design (for robotics), have a strong emphasis on the
design itself - the problem, stakeholders, and the requirements are mostly given
beforehand by the teacher. Typically, project teams are smaller, of 3—5 students,
each having a small portion of the design to tackle. Design of different teams are
sometimes integrated into bigger designs, spurning collaboration between teams.
Periodic presentations of the teams help that knowledge and acquired skills (and
again, mistakes) are shared and discussed.

2 The Integrative Course and Its Shortcomings

At RUG, the master IEM program is ending with courses that apply an integra-
tive approach. The emphasis is on technical integration, but both courses (the
course in Systems Engineering Design and the course in Sustainable Engineering)
have still a strong managerial/economic-related part.

In the integrative courses, all the learning styles (LC, PB, PA, and PC) are

applied. There are plenary lectures, which present mostly examples of prob-
lems, stakeholders, requirements and design solutions. The “problem” has to
be found/defined/invented by the students - with teacher’s assistance. Then,
students have to analyze specify the requirements of a complex and multi-
disciplinary system, and finally develop a conceptual design that meets the
requirements and can stand a formal design assessment - an evaluation phase
that is also performed by the students. Finally, the teachers role is that of the
“buyers” of the design, who are involved in the design in iterative stages of its
development, revealing its shortcomings, gaps, and inconsistencies.
The course Systems Engineering Design is the “oldest” integrative course in
the IEM master program at RUG. Students are organized in teams of 3-4 stu-
dents, and teams are organized in “triads” (three teams) of 10-13 students each.
Each triad has a separate student who plays the role of system integrator. The
tasks of the project are to define first - separately for each triad - a specific
multi-disciplinary problem (which has to be more or less realistic), and explore
the “stakeholders’ ” wishes. Next, the teams have to analyse and specify the
requirements of a system that addresses the effects of the problem - each team
in the triad specializes in a specific set of requirements. Finally, the system has
to be designed in terms of a context-placed operational architecture, comprising
a functional architecture described in IDEF0 and a generic physical architecture
with alternatives for components and interfaces. The final deliverable is a dossier
that is supposed to participate in a Request for Proposals (RfP) for such a sys-
tem. The project is quite equivalent (albeit much shorter in time and smaller in
scope) to the pre-inception phase [2] in a system development process.

The operational architecture has to be built by using a systems engineering
CAD system (CORE"™9 from the Vitech Corp.), which incorporates also require-
ments engineering tools. This CAD system allows for collaborative design and the
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integration of separate structures/interactions of functions and components that
were designed by different teams. A recent example of system designed was a bio-
gas producing and storage infrastructure, which was supposed to replace /upgrade
an existing infrastructure for fossil gas in a clearly delimited region. Because this
course runs in parallel with the Sustainable Systems course, many problems are
related to environmental issues, alternative fuels, and novel energy systems.

The students are encouraged to view this course as a “serious game”, where
they compete to “sell” their design to the issuers of the RfP (see presentation [12]),
and there is a constant competition for the best team and best triad. Moreover, the
teachers (as a separate team) are developing each year a system in parallel with the
students, sometimes as part of a triad with two other student teams. If a student
team delivers a better project than the teachers, who get always a mark 9 (on a
scale from 5 to 10), that student team gets the maximum mark. Each year, one or
even two student teams manage to “beat” the teachers’ team.

This course is popular with other students than the IEM master program, for
whom the course is compulsory. Each year, 15-20 % of students are taking this
course as elective, and they are coming from master programs like Computing
Science, Energy and Environmental Science, Chemical Engineering, Economet-
rics, and even Law. They bring even more disciplinary knowledge and skills into
the triads, and also ways of thinking that are new for the IEM students and
even the teachers. The course is highly sought by exchange students also, who
are studying at RUG only for a semester. However, there are also shortcomings.

Problem-based learning assumes that the problem is real, existing in a real
context. In PB courses in medicine for example, the students are given a real
patient case, which they have to investigate and diagnose. In PB courses in
engineering, the students go into the field (typically a company) and are given
or identifying a real problem. However, due to time and resource limitations,
courses that have a design project at their core, hardly can cope with overloading
the coursework with a diagnostic phase. Another typical issue is that teachers
that are teaching in PC style, have limited experience with the PB approach.
The net result is that in PC course that starts with a “problem” that is made up,
typically by the teachers, who try to communicate its details as well as they can
to the students. However, the problem “exists” only in the mind of the teachers,
and many times, students do not grasp or have a really good understanding what
the problem really is. The single way to figure out, is to continually “interview”
the teachers about the problem, but many times this can lead to even more
confusion. The net effect is that students are losing interest in the problem and
in the project, going out from the “immersion”, “make-believe”, and “flow” state
that make them feel like in an engaging game.

A simple solution (applied currently in the course Systems Engineering Design)
is to let the students define the problem /opportunity themselves (with some teacher
feedback). They have to describe it in a scenario-like narrative, and expand the
details as they go with the design. However, this approach leads to other undesired
effects. The problem becomes part of the design itself, and in order to have an ele-
gant and technologically interesting design, the problem is changed in ways that
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bend reality. Especially the quantitative aspect of the problems are suffering, and
this can lead to problems that do not have a holding in physical reality, because
the assumptions made lead to the violation of the laws of physics. The net effect is
that students realize the lack realism of their problem at some moment, and again,
they lose interest in the project overall. If they remain immersed and that happens
many times, this creates an even more dangerous learning effect, because the stu-
dents may remain convinced that this kind of unrealistic problems and designs exist
in reality. If the students are “brought back to reality” during the final presentation
or the previous feedback sessions with the teachers, this will create a sense of fail-
ure, and again, they lose interest and are not engaged anymore. These effects have
been observed by other researchers who attempted to use elements of PB learning
in PC settings [3,8].

The second shortcoming is related to the design phase; after the problem, stake-
holders, and requirements have been clearly established. Students working in design
teams tend to divide the work in chunks that are doable by single students (using
the given CAD system) and integrate this separately made work later. Except for
the feedback sessions, the work does not need to be integrated, and students tend
to work in isolation. This leads to fragmentation lack of focus and understanding of
the system as whole - and less cognitive engagement between team members and the
teams in the triad. In this phase, the students put most of the effort in mastering the
CAD environment and produce the functional and physical designs. Unfortunately,
this leads to less communication, low team performance, no collaboration-induced
creativity, friction between team members (because they do not understand prop-
erly what the others are doing), frustration, and in the end boredom or anxiety. The
“flow” mental state sought by using the serious game in the design competition is
not achieved any more by some teams. There is no motivation to finish with an excit-
ing result, and there is no intrinsic curiosity left to explore and find alternatives and
new ideas for the design. Because the used CAD system is a folder and menu based
system that has a graphical interface for IDEFO0, the whole work seems to become
99 % mouse clicks and menu navigation, at odds with a creative process, and dis-
tracting the students from team communication and reciprocal creative thinking.
This kind of effects have been observed for many years in real design projects that
use CAD systems [5,7], and it is not surprising to find these in PC courses that use
CAD systems and teamwork.

An interesting finding came out last year, when members of a triad of students
played a digital multi-player serious game, which was developed by the gas indus-
try with RUG collaboration. This triad was the one that developed the bio-gas
system, and it had the opportunity to visualize the system they were designing
in the form of a business game, which mimicked the development of the bio-gas
infrastructure, with implications to the gas markets and investments. At the
end of the game, these students were interviewed to find out if the game playing
helped them in the process to design their bio-gas system. The most interesting
finding of these interviews was that the game actually improved communication
within the triad in the “boring” design phase (the game-playing took place in
the second half of the course), and helped them to keep an eye on the whole of
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the system, and remain engaged in achieving an satisfying result. This was in
line with findings in the literature [4]. The identification and validation of these
two shortcomings have been done via qualitative research: observation of how
students work during tutorial classes, end-of-course survey via open-question
forms, and “post-mortem” workshops with students who volunteered to partici-
pate, where various aspects of the course were discussed openly, and the findings
formalized.

3 Proposed Solutions

For the first shortcoming (problem’s lack or realism), the proposed solution is to
have a real problem owner, and a real problem. The IEM students who are doing
their master thesis in the study year that follows the Systems Engineering Design
course are following a three phase curriculum: first a LC course on Research
Methodology (with an emphasis on Design Science Research aspects), second a
Research Project, and third a Design Project. The last two phases, or at least
the last phase, take place in the context of a company, which is the problem
owner for the design of the student.

When the Systems Engineering Design course starts (in April), the senior
master students who are doing their master thesis project are well advanced in
their track, that is, in the middle of the Design Project phase. At that moment,
the problem they have to address by their design is very clear, and they started to
implement the improvement, or a novel process, or a novel product, or a system
that addresses this problem. There are in total 40-50 students whose thesis and
design project is in this status. The idea is to recruit a number of students as
teaching assistants (TAs) for the Systems Engineering course which is smaller
than equal than the number of triads in course. The selection would be based on
their previous performance in the course, and the nature of their design (if its
scope is a complex, multi-disciplinary system, the better). These students will
play the role of problem owners and main stakeholders in the design of a similar
system by a triad. There is no need to have an exactly similar scope and nature
of the system, but it is expected the problem owner will keep the assumptions
made more realistic.

This approach is expected to be advantageous not only for the triad, which
will be helped to keep the problem and the design realistic, and drive the design
from the problem and not vice-versa. The problem owner student can use the
triad as an exploratory design team, and apply their ideas in its own thesis work.

For the second shortcoming (fragmentation of focus during the design phase),
the idea is to develop a simple board game that mimics the development of the
proposed system. This idea was actually proposed by the students who played
the serious game for bio-gas infrastructure. They complained that the digital
game was too restrictive and impossible to adapt to their own ideas about the
proposed bio-gas system. Because the game had a previous non-digital version, a
board-game where game pieces mimicking the components of the system where
place on a map, they argued that it would have been more interesting and useful
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to have a board game that was easy to change according to the changes they
made in their own design. The board can be hand drawn each time the game is
played, and new pieces (representing new components) can be improvised easily
from old board game pieces, or even 3D printed. The rules of the game should
reflect the behavior of the system and its development. The main issue with
such a game is its final purpose, which is important for its developers [9]. The
current view is that such a game is to be developed to allow stakeholders to play
to understand better the system design, and also its potential development. The
players who will play the roles initially will be students themselves, but they will
design the game having in mind that the real players will be stakeholders. If a
problem owner student is attached to a triad that designs a game, this student
can participate as a real stakeholder, and also bring the game within the company
where the real design project takes place, and engage the potential stakeholders
to play the game, communicating the proposed design in a user-friendly manner.

However, the main educational purpose of the game is to prevent fragmenta-
tion and bring together the triad members in the phase when they tend to work
too much in isolation. To enforce that the game is played regularly, the triad
coordinator student should be tasked to organize gaming session twice per week,
and have sometimes teacher participation if that is possible. For example, the
last feedback session of the course should involve the teachers as players in the
newly developed games.

4 Discussion and Future Work

When applying these ideas, some problems can be envisaged. For example, if
there are 8-9 triads in a course, that will necessitate an early planning and strict
coordination. The 8-9 appropriate problem owners within the group of senior
master students have to be found before the course starts. Also, these problem
owners should have design tasks, or at least contexts, that qualify as “complex
system designs”. The intention is that for the first year of idea’s application,
only a few triads (2, maximum 3) will be matched with a problem owner. At
the time of writing, 2 master students who are finishing their master thesis, and
a PhD student are already allocated to the role of problem owner. When the
course will be taught this year, 3 triads will face a real problem from a company,
and their assumptions will be “guarded” by a student tasked for this role.

For the design of the board game, expertise in game design is needed - and it
is currently sought after. Initially, there will be only one triad that will attempt
a board game design, and only those students who have experience and interest
with games will be asked to volunteer for this triad. The intended system design
for this experiment will be an electric energy storage infrastructure, modelled on
the previous bio-gas infrastructure and its related board game. The teachers and
the study program will invest supplementary effort and resources in this triad,
and the experience will be carefully documented.

An important follow up to applying these ideas is to assess the impact of
these improvements, short term and long term, and communicate the results
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and eventually interact with programs that have similar approaches. A related
research theme is to investigate if there is an advantage in designing a serious
board (+digital) game for the stakeholders in the pre-inception and inception
phases of the design of real systems.

5 Conclusions

The use of serious games seems to be promising for improving the effectiveness of
PC learning and integrative learning in engineering education, especially in IEM
programs. For the moment, there is little experience in applying them, and quick
and efficient ways to develop board games that mimic a system’s development
are yet to be discovered and evaluated.
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