A Ten-Step Design Method for
Simulation Games in Logistics
Management

Simulation games have often been found useful as a method of inquiry to gain insight in
complex system behavior and as aids for design, engineering simulation and visualiza-
tion, and education. Designing simulation games are the result of creative thinking and
planning, but often not the result of a rigorously applied design method. Design methods
can be used to structure the creative process. The specific types of games we chose for
studying design methods are simulation games focused on information-intensive domains,
of which logistics management is an example. Our new design method takes into account
the information intensiveness of the domain. The design method incorporates enterprise
information management, simulation model design, and instructional design. The design
method we propose uses ten steps in designing a simulation game: the first five for making
a conceptual design and the final five for using the conceptual design as a basis for the
simulation game. Iterative cycles are added to improve intermediate results. This paper
discusses the design method and presents two different case studies. The first case study
helped in developing the design method, while the second case study served for assess-
ment and improvement. [DOI: 10.1115/1.3617440]
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Introduction

Computersupported management games have a long going his-
tory, starting in the early 1960s with the AMA top management
decisions simulation [1]. From there on, many other management
games for educational purposes have been developed. Computer
supported management games are based on underlying models of
a decision situation that the management game addresses. These
decision situations often have time constraints in real life, requir-
ing a stepwise, time-driven approach to the game. As time is a
prominent aspect of these games, computer simulations can be the
starting point for management games, making them simulation
games. These simulation games have been found useful as a
method of inquiry to gain insight in complex system behavior and
as aids for training and education [2-5]. Simulation games, as
defined by Galvao et al. [6], are a specific kind of simulation that
can be used for educational and training purposes.

Logistics management helps organizations to plan, implement,
and control the flow and storage of goods and related information
between two points. Logistics management revolves around deci-
sion-making in complex ill-structured problems, where multiple
actors are involved (as defined by the Council of Supply Chain
Management Professionals). Logistics management is an informa-
tion-intensive domain. It often requires a form of knowledge man-
agement: a way of structuring, sharing, and using the knowledge
of its particular domain in a specific situation.

Simulation games in logistics management are a subset of simu-
lation games, whose main purpose is gaining insight into the
broad field of logistics. The creation of such a simulation game is
the result of creative thinking and planning, but often not the
result of a rigorously applied design method [7]. But design meth-
ods for specific types of games, in this case simulation games
focused on information-intensive domains, can be used to struc-
ture this creative process.
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In this paper, we present a ten-step design method for simula-
tion games focused on information-intensive domains, domains in
which organizations have to deal with vast quantities of relevant
business information. This design method was based on the work
by Van Houten [8] and by using the Knowledge Representation
Requirements Model by Turnitsa and Tolk [9] as a theoretical
framework to ground the design method in. In this paper, we also
present one case study used for developing the design method and
one case study used for testing the design method.

Background

Following Lane [10], we acknowledge two different definitions
of both management simulations and games. We use these defini-
tions to construct a theoretical basis for the design method, we
present later on in this paper. Lane [10] distinguishes two defini-
tions: the intervention and the verisimilitude definition.

The intervention definition originates from system dynamics
and defines a (simulation) model as “simply a collection of infor-
mation and relationships in rules, algebra, and logic made visible
to an observer.” According to the intervention definition, a game
is “a collection of information and relationships in rules, algebra,
and logic made visible to an observer and presenting data to and
requiring information from an observer/participant.” The key-
words here are “requiring information.” What distinguishes a
game from a simulation is the fact that observers/participants
(“players”) actively provide information to a game during play.
They provide input to the game, and the game responds, or reacts
to this input.

To have a complete set of definitions, we also need a definition
for simulation in general. This definition is provided by Shannon
[11]: “Simulation is the process of designing a model of a real sys-
tem and conducting experiments with this model for the purpose
of either understanding the behavior of the system or of evaluating
various strategies (within the limits imposed by a criterion or set
of criteria) for the operation of the system.”

The verisimilitude definition defines a simulation as a
“specified sequence of verisimilitudinous activities designed to
convey lessons to the participants on the properties of a real-world
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situation” and defines a game as a “specified sequence of activities
designed to convey benefits to the players.” Here, the difference
between both definitions is smaller. In a situation where the sup-
posed benefit of a game is “learning,” both definitions can even be
considered the same, as the benefits in that case equate “lessons.”

Again in Lane [10], the author argues the intervention definition
is in total harmony with computer simulation modelling found in
operations research. Simulations for logistics management can,
therefore, be considered to fit in the intervention definition as
well. The intervention definition has a strong focus on knowledge:
a simulation makes knowledge visible, while a game makes
knowledge intractable. From an educational perspective, simula-
tion games are about the transfer knowledge.

The simulation games on which we focus are the ones defined
by the intervention definition. These simulation games are wide-
spread in literature and are often based on realistic data and simu-
lation models with valid behavior.

Game Design. Game design is the process of coordinating the
evolution of the design of a game [12]. A distinction has to be
made between the game design itself (the artifact) and the game
design process; the process through which the design is created.
The game design process is guided and structured through the
game design method.

Game design is not purely an art, because it is not primarily a
means of aesthetic expression. Nor is game design an act of pure
engineering. It is not bound by rigorous standards or formal meth-
ods. The goal of a game is to entertain through play, and designing
a game requires both creativity and careful planning. [...] Design-
ing game is a craft like cinematography or costume design [7].

Authors on game design only give an abstract overview of the
game design process, stressing that it is at best an ill-structured
process that depends on the experience and intuition of the game
designer [7,12-16]. Adams and Rollings [7] discern three stages
in the development process (see also Fig. 1) as follows:

1. The concept stage, which you perform first and whose
results do not change.

2. The elaboration stage, in which you add most of the design
details and refine your decisions through prototyping and
testing.

3. The tuning stage, at which point no new features may be
added, but you can make small adjustments to polish the
game.

The game design, ideally, is created during the initial stages of
the development process and is only slightly adjusted during later
stages. A game design starts with a tight concept, which grows
during the process. Bateman and Boon [12] emphasize the pur-
pose of tight design: to use the minimum quantity of elements
required in a game design to support the desired gameplay. They
use the term elasticity to describe the freedom to discard compo-
nents. Contractile elasticity means having the freedom to discard
components, and expansile elasticity is the freedom to add new
components. When both these properties exist in unison, game
designers have total freedom to redesign the game during the de-
velopment process.

Most experts on game design agree that there is not one single
dominant design method for games [7,12,14,16]. Most current
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Fig.1 Three stages of the design process [7]
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books on game design consist of high-level overviews of the
design process combined with abstract representations of elements
that should be included in a game. Furthermore, although aca-
demic interest in games has risen quickly over the past decade,
the games industry has never shown a similar interest in academic
work [17]. Therefore, scientific validation of formal game design
methods remains limited at best.

Based on the work by Van Houten [8], and the broadness and
abstractness of available game design methods, we perceived the
need for more structure in designing simulation games focused on
information-intensive domains. A more structured approach is
required, because of the increased need for carefulness, while
designing games that are information-intensive.

Exploratory Case Study: The Global Supply Chain
Game

To create our design method for simulation games focused on
information-intensive domains, we initially followed the research
of Van Houten [8], where a distributed supply chain game for
MBA education was developed and tested. This game was devel-
oped to provide a realistic setting in which students and managers
could experience fundamental concepts and issues in supply chain
management. They would be able to experiment with different
strategies, in different supply chains, with different products, and
different issues. The game’s aim is to challenge players to inte-
grate and apply their knowledge and skills related to supply chain
management.

In his research, Van Houten used a nine-step game design
method to create the so-called “global supply chain game,”
although in the research project the development of the underlying
game engine and building and testing of support tools were the
main focal point of the project. For the development of the game,
Van Houten started (1) with the formulation of the context of the
game, looking at the goal of the game and the requirements for
training, all expressed with respect to the real-world system and
problem. He followed this by defining practical boundaries for the
game, i.e., by looking at the practical setting of the game and
defining the mode of play.

After that, he (2) conceptualized the real-world system, e.g.,
using objects and relations. In the conceptualization, it is impor-
tant to set the system boundary for the game, and make choices
what to include and what not.

In Van Houten’s next step, he (3) selected the components to be
included in the business game. By including a consistent set of
components, a specific case with a specific teaching purpose can
be modeled.

Specification of the business game (4) was the subsequent step
for the global supply chain game. Actors, relationships and scripts
are worked out in more detail in this step. The conceptual compo-
nents of the game are enriched with realistic data. For Van Hout-
en’s game, data came from real systems, company documents,
papers, experts, and websites. Examples were realistic data about
product prices, cost of transportation per kilogram and kilometer,
with discounts for larger orders and larger distances, and data
about realistic locations for factories, warehouses, and markets.
After defining what types of data he needed, the raw data were
retrieved for the game.

Van Houten [8] focused on construction of the engine and sup-
port services, considering the game design as a software engineer-
ing project using the spiral cycle of Boehm [18]. The data of the
game were (5) specified and (6) structured using a database. Addi-
tional, static data are (7) added using a content management sys-
tem' and a player manual, which can be used to prepare for the
game and during game play. The game uses (8) the D-SOL simu-
lation engine [19] to model the dynamic aspects, the scenario, and
the events for the players, as well as the state changes of the
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internal components as a reaction on the player’s decisions. The
final step of Van Houten [8] was the (9) verification, validation,
testing, and preparation of the game for real play.

Van Houten uses the following nine design steps:

. formulating of the context of the game

. conceptualizing the real-world system

. selecting the components to be included in the game
. specifying the game structure

. specifying the game data

. structuring the game data

. adding a data management system

. implementing a simulation engine

. verifying, validating, and testing the game
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Our ten-step design method was based on the work by Van
Houten, and by grounding the design method in the Knowledge
Representation Requirements Model (KRRM) by Turnitsa and
Tolk [9], as introduced in the section Toward a Ten-Step Design
Method for Simulation Games.

Toward a Ten-Step Design Method for Simulation
Games

In our research, we use the “KRRM” for representing knowl-
edge. Turnitsa and Tolk [9] introduced the KRRM, which presents
an increased layering of requirements from data to information,
knowledge, awareness, and finally understanding. This model has
been presented to achieve interoperability between simulation
models with different worldviews. We will, however, show how
this model is also useful in the design of simulation games.

The KRRM starts from raw data as the lowest level of knowl-
edge. As soon as semantics are attached to raw data, information
is created. These semantics tell us what the data actually are. As
soon as information is put into context, knowledge is achieved.
Turnitsa and Tolk [9] explain this as using ontological entities,
which are objects “that can be anything in the system that can be
addressed.” Adding dynamics to knowledge gives us awareness
followed by understanding once we can anticipate intentionality,
which helps us reach understanding as we try to anticipate the
next state of the system. Dynamics is mainly the addition of
changes over time.

The intervention definition of simulation and game aligns well
with the KRRM. A simulation can be a computer model that steps
through time, resulting in the awareness-layer of KRRM. A game,
on the other hand, requires information from the participant, pos-
sibly generated by the anticipation of intentionality of the system.
If the game is effective, the player should, in time, be able to
understand the system. The KRRM is graphically presented in
Fig. 2.

A comparison between the nine steps used by Van Houten
[8] and the KRRM lead us to a “top-down, bottom-up”
approach for our design method. The design starts out with the
conceptual design and works from a broad overview of the de-
cision situation in the game to a low-level design of the usage
of raw data. From there the game is developed in layered steps,
starting with the lowest level (data carrier) to the game itself;
the outer shell or user interface. We next describe our proposed
design method.

A Ten-Step Design Method for Simulation Games. The
design method we propose uses ten steps in designing a simulation
game; five for the conceptual design and five for game develop-
ment, as seen in Fig. 3. The first five steps for the conceptual
design are as follows:

1. Decision situation. Simulation games in logistics manage-
ment revolve around players making decisions about the
different situations that occur, while managing logistics.
Thus, the first step is to design the general type of decision
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Fig.2 The KRRM: the rectangles contain the different levels of
knowledge, while the arrows represent the requirements [9]

situation for logistics management that will form the basis
for the entire simulation game. A well-described decision
situation provides both context and purpose to the simula-
tion game design, and ultimately the simulation game. In
this step, the designers can also develop first ideas about
the game to be developed: what is the goal of the game,
what should the duration of the game be, and how many
users will play the game at the same time? Will they play
individually or in teams?

2. Underlying model. Once the decision situation that forms
the basis of the simulation game is designed, the underlying
model can be constructed. The underlying model describes
the basic rules, dynamics and behavior of the logistics sys-
tem that will be managed in the game. In many cases,
choices will have to be made what rules and relationships
will have to be included in the game that has to be
constructed.

3. Concrete case. To make the simulation game more tangible
and recognizable for players, the game should be anchored
in a concrete case that reflects a possible situation within
the domain of logistics management. Designing the con-
crete case means selecting the type of industry, scope of
the decision situation, and the actors and players involved
in the game. This is a specification of the decision situation;
multiple concrete cases can be derived from a decision sit-
uation, which could lead to different games. For the game
to transfer the main teaching points of the first step, the
selection of the concrete case is critical. A case might have
to be simplified or abstracted to convey the teaching goal in
a better way.

4. Structured data. To handle large amounts of raw data and
to provide overview, a data structure needs to be devel-
oped. The aim of the data structure should be to categorize
and sort raw data into manageable chunks of information.
This phase can be started by searching the enterprise
resource planning, knowledge management system, and
supply chain management systems of the organization
whose decision situation forms the basis of the simulation
game. Structured organizational data are collected, which
are then transformed into raw data for the simulation game.
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Sometimes the dataset has to be reduced for the gaming
purpose; sometimes the dataset has to be enriched with
exceptions to make the game play satisfy the teaching
needs. All in all, a valid and realistic data set has to be
defined that supports the teaching goal of the game.

5. Raw data. After the concrete case has been written, sources

of raw data need to be defined and acquired. This raw data
provides the variables in the game (and thus the dyna-
mism), ultimately powering the simulation that drives the
game. When working with real-life concrete cases, actual
organizational data from the field of logistics management
can fill this need.
With the development of the data structure, the final step in
the conceptual design phase has been taken, and the simu-
lation game design can then be developed into a real game.
This necessitates the following steps:

6. Data carrier. In order to present data in the simulation
game, a data carrier needs to be developed. This data car-
rier will often be computer-based, or supported, although
this is not a requirement. In simpler games, file cards could
be used, although in practice information-intensive deci-
sion situations tend to veer toward computer-based games.

7. Database. The database stores, structures, and manages the
data that are used within the simulation game. This usually

011006-4 / Vol. 12, MARCH 2012

involves designing the data model; e.g., the entity relation-
ship model.

8. Knowledge management. In this step, designers enable
game users to have ready access to data from the simula-
tion game, and to have it presented in context, knowledge
management is necessary. With knowledge management
relevant information, such as documents, pictures, films,
etcetera, can be connected to objects in the game.

9. Simulation. The next step is to develop the simulation
model that is capable of presenting the behavior of the lo-
gistics systems, based on the data available. The simulation
model gives insight into the behavior of the real-life or hy-
pothetical logistics system and forms the basis for the simu-
lation game.

10. Game. The final step of the development phase is to create
the simulation game.

In current work, where new game instances are being devel-
oped using the global supply chain game engine, a data driven
approach is taken to develop these new business games and steps
taken by the developers of new games appear to match with the
ten-step approach outlined in this paper.

Case Study: Designing Automated Container
Terminals The design phase is crucial in the development of an
automated container terminal. If not taken correctly, the decisions
made during the design phase can have serious repercussions for
the future productivity of the terminal under development. The
main decisions involve various kinds of equipment used on the
terminal, the layout of the stacks, etcetera. Although these deci-
sions are often based on results of sound simulation models, this
simulation based design process is often unstructured, which
could lead to a less than optimal result. To tackle this problem, a
game can be designed that gives players the opportunity to
explore the solution space of different alternatives for a certain
problem. This concept has been presented as the “multiple
worlds” concept [20].

The design process presented in this paper is perfectly applica-
ble to this game as it resides in the same domain. The game is
based on a simulation, which represents a valid model of the sys-
tem at hand. There is also a large amount of information required
in addition to the results of the simulation. Decision makers need
to know how the container terminal is going to look like, based on
their design decisions. They need the specifications of the equip-
ment to choose from the various possibilities and they require
other “soft” data, which does not result from a simulation (e.g.,
labor regulations and environmental restrictions).

The conceptual phase of this project focused on collecting in-
formation about the decision situation. The project was done in
cooperation with a large container terminal operator actively
involved in the design of new container terminals. Based on exist-
ing literature on container terminal simulation, a conceptual
model has been developed. Following the design method, cases
have been selected so that the step toward an actual implementa-
tion can be taken by collecting additional information.

The first five phases of the design method, focusing on the con-
ceptual design resulted in the following artifacts:

1. A description of a simulation game that helps decision mak-
ers gain insight into the design process and product of auto-
mated container terminals.

2. A conceptual model consisting of (1) an actor analysis on
the actors involved in a container terminal design process,
(2) process maps on the operations carried out on automated
container terminals, and (3) the decisions that need to be
made during the design process.

3. Scenarios based on current projects that are currently being con-
sidered for development by the terminal operating company.
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Fig. 4 The 3D virtual environment to support the design
process

4. An ontology for container terminals has been constructed.
This ontology provides the necessary means to structure the
design product.

5. Raw data collected in the form of historical data (i.e., pro-
ductivity of existing container terminals) and equipment
specifications.

The development phase consists of developing different soft-
ware components (this is the data carrier identified in phase 6):
a knowledge visualization tool, and a simulation model for
automated container terminals. The knowledge visualization
tool presents the user’s possibility to visualize and structure
new container terminals. The visualization is based on available
cap drawings provided by terminal designers, from which
required information is extracted to xMmL files (the database from
phase 7) to construct the 3D environment. Structuring is done
by attaching information to objects in the virtual container ter-
minal. The type of information that can be added is varied:
documents, pictures, movies, etc. This enables decision makers
to quickly have access to the information specific to the context
they are focusing on: the specific object in the specific con-
tainer terminal. The knowledge visualization tool fulfills the
needs identified in phase 8. The simulation model (phase 9) is
developed as a library of components, which allows a flexible
way of building models for different container terminal designs.
This is achieved by using Discrete Event System Specification
[21] as the modeling formalism and system entity structure,
which is a specification of structural and specialization relations
for a model family.

The tool and model are then combined to have the dynamics
and results of the simulation models visualized in the knowledge
visualization tool. Hereafter, the environment can be embedded in
a gaming context. In the game, different teams of designers have
to compete against each other to achieve the best performing con-
tainer terminal in terms of TEU/year (TEU stands for twenty foot
equivalent, which is the size of a small container). This matches
the last phase of the proposed design method.

Although extensive evaluations are still needed for the over-
all gaming simulation, preliminary evaluations have been car-
ried out with the visualization component. This evaluation,
which is extensively discussed in Fumarola and Versteegt [22],
has been performed to assess the 3D virtual environment to
design new container terminals, which is shown in Fig. 4. The
evaluation has been carried out both with students and profes-
sionals. Standardized usability tests, the IsoMetrics question-
naire based on ISO 9241 part 10 usability standards [23], have
been used to assess the usability. Qualitative data have been
collected by conducting semistructured interviews with con-
tainer terminal experts. This data have been used to assess the
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contents of the design environment. The evaluation produced
positive results and provided insights to improve the environ-
ment. One of the major insights was gained from the interviews
with experts who discussed the design process. It was con-
cluded that the environment could be used best during the con-
ceptual phase, where different actors could come together to
define the prominent features of the design. The environment
would help the different actors assess different alternatives and
make informed decisions.

Reflections and Conclusions

Designing simulation games is often a process of creative think-
ing and not the result of a rigorous design method. Design meth-
ods bring structure to the creative process in order to achieve the
desired result. Existing design methods for simulation games are
often too broad or vague. By focusing on specific simulation
games, we introduced a design method that offers a more strict
method that can be followed to design simulation games for logis-
tics management.

Starting from an existing knowledge representation model, we
developed a design method that goes through various products in
the development cycle. The design method has been studied based
on two case studies. The first case study helped us to develop the
design method. Herein, we recognized nine distinct phases and
deduced a tenth phase. After mapping these phases onto an exist-
ing model to represent knowledge, we developed a ten-step design
method. Though a second case study, we assessed and improved
this design method.

The design method mainly focuses on computer based logistics
management games. We expect, however, that the design method
could be applied in other information-intensive domains as well
as to noncomputer supported simulation games. However, to
assess this, specific case studies should be performed.
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