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Abstract—Management games allow students to obtain
valuable first-hand experience that is of particular value in
a field such as technology management, which usually in-
volves substantial risk as well as significant time lags be-
tween a managerial decision and its effects. In drawing from
more than fifteen years of experience with management
games in higher education, we have developed a manage-
ment simulation for teaching technology management, a
field that is increasingly regarded an important area of
study for engineering students. This paper outlines a
blended-learning design for a course on technology man-
agement, describes the various didactical elements as well as
their effects in class, and addresses the technical implemen-
tation of the management game as a service-oriented multi-
tier application in Java.

Index Terms—experiential learning; management game;
simulation; technology management.

I. INTRODUCTION

Technological innovations are essential for the success
and survival of firms in today’s dynamic market place. It
is therefore not surprising that managers devote large
amounts of resources to research and the development of
new technologies. At the same time, uncertainty regarding
the success of technological endeavors is typically high.
Given its strategic importance, the resources at stake, and
the substantial risks involved, a systematic approach to the
management of technology is considered indispensable by
both the scientific community and practitioners.

Consequently, technology management has become a
highly relevant area of study — not only in most business
schools [1], but also in engineering management educa-
tion, that deals extensively with technology management
issues as means to bridge the gap between the fields of
engineering and business (for examples in the US cf. [2]).
This is also true for vertically-focused engineering curric-
ula, which are however giving way to integrated programs
encompassing multiple disciplines [3]. Accordingly, an
increasing number of engineering programs integrate
technology management in their curricula, thereby
strengthening the trend towards broader scholastic experi-
ences by offering engineering students an interdisciplinary
perspective.

In practice, corresponding technology management
courses more often than not are taught in a “traditional”
lecture format that may be complemented by case analy-
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ses [4]. Management gaming (also commonly termed
“management simulations”, “management (flight) simula-
tors” or “business gaming simulations”; for an overview
on the history and a discussion of the differences in termi-
nology cf. [5]) have been applied successfully in many
areas of management education for more than 40 years [6-
8]. However, they do not appear to be used prevalently in

technology management education.

As means for experiential learning [9], management
games allow participants to assume the role of decision-
makers that compete against each other in a “safe” artifi-
cial environment. By shortening real-world decision cy-
cles from years or decades to hours or minutes in the
simulation, the learning process can be accelerated dra-
matically, which should help participants to gain a better
understanding of the real-life situation the simulation
game refers to. The main objective of using management
games as tools to enhance learning is to give participants
the opportunity to apply theoretical knowledge in close-to-
reality situations in order to develop decision-making
competence, rather than solely acquiring theoretical
knowledge. In a well-designed and implemented simula-
tion, this may lead to the synthesis of theory and practice
[5]. Management simulations can thus be seen as an ap-
propriate response to the criticisms against the “knowl-
edge acquisition approach” (cf. [10]) in management edu-
cation. They are especially useful in fields like technology
management, where delays, the large amounts of re-
sources at stake, and the high risk involved prohibit real-
life experimentation.

The remainder of this paper is organized as follows:
Section 2 delineates the conceptualization of the game and
discusses thematic aspects covered in the simulation. Sec-
tion 3 outlines how the management simulation is embed-
ded in an overall didactic design. Section 4 provides de-
tails about the implementation as a service-oriented multi-
tier application in Java. The paper concludes in Section 5
with a summary and an outlook on further research.

II. CONCEPTUALIZATION

In developing a management simulation for Master-
level students, we could draw upon more than fifteen
years of experience with management games in higher
education, which allowed us to “cherry-pick” the most
effective didactical means in order to tweak the learning
outcomes. To account for the integral nature of decisions
in the field of technology management, the simulation also
comprises elements from other areas such as marketing,
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production, and finance, and may thus be considered a
total management simulation. The main emphasis, how-
ever, is on the strategic planning of research and devel-
opment (R&D) investment, the adoption of and migration
to new technologies, and the management of patents and
licensing. The simulation is generic in that it does not rep-
resent any specific industry, but can be tailored through
parameterization using an instructor tool. The tool also
allows for the creation of scenarios with varying degrees
of complexity through optional features, such as stock-
keeping, cooperative research or patents and licensing.
Furthermore, the instructor may define all functions by
setting control points and selecting linear, polynomial or
cubic spline interpolation.

In each game, a single participant or a group of partici-
pants takes control of a virtual firm. At the beginning, all
firms are homogeneous in that they possess the same
amount of initial capital, the same amount of knowledge
and an equal number as well as equal kinds of products
and production facilities. Each game follows an iterative
process in which participants are supplied with various
reports on the performance of their firm that they may use
to evaluate their strategy and possibly adapt it before
submitting their decisions for the next period. As soon as
all decisions for a period have been received, the results
are processed automatically and financial statements and
additional reports are generated before the game proceeds
to the next round. This procedure is repeated until some
terminating condition, such as a pre-determined time or a
number of periods, is met or until the instructor ends the
game manually.

Firms compete in a simulated market by developing and
launching products. Before doing so, they need to conduct
(basic) research to accumulate knowledge, which eventu-
ally leads to the “discovery” of advanced technologies.
When such a new technology becomes available to a firm,
it may be adopted and serve as a basis for subsequent
product development. The resulting products are charac-
terized by a number of attributes which are defined by the
instructor, who may choose generic measures such as
functionality, performance, usability, durability etc., or
scenario-specific measures relevant in the simulated in-
dustry (e.g. engine performance, safety or handling in the
automotive industry). Strategic decisions regarding re-
source allocation are a key element of the simulation. Par-
ticipants need to weigh investments in research (which
may lead to breakthroughs and performance leaps in the
long run) against investments in the development of more
sophisticated products based on current technology and/or
against investments in process development (which re-
duces production costs). Once a technology becomes
available, participants need to determine a plan for invest-
ing in the new technology and for phasing out existing
technologies. Thus, participants may test various strate-
gies, such as early adopter or fast follower strategies, and
experience their respective advantages and drawbacks.

As soon as a satisfying performance increase has been
achieved in a technology, firms may decide to launch new
products at the market where they compete for market
share with existing products that consumers are already
familiar with. In our management game, we used an
agent-based approach for simulating the diffusion of in-
formation about new technologies and products through
the social network of consumers. To generate realistic
diffusion patterns and simulate buying behavior observed
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in the real world, the instructor may divide the market into
several heterogeneous segments with distinct characteris-
tics regarding propensity to innovate, preferences, price
sensitivity, brand loyalty, sensitivity to advertising, and
communication behavior, which determines the diffusion
of information about new technologies and products in the
segment. Revenue generated from product sales is used to
cover costs of production, stock-keeping, business intelli-
gence and licensing, among others. Profits may be rein-
vested in research, development of the various perform-
ance dimensions of technologies, process development,
construction of new production facilities, or advertising.

Once a game has ended, participants receive a final re-
port that summarizes results and provides more detailed
information that is not available during the game. Overall
participant performance is measured by equity held at the
end of the game as well as by the amount of technological
progress achieved.

III. DIDACTIC DESIGN

In a management game, participants interact
with/within a modeled system that represents a part of
reality. These interactions follow a general course (see
Figure 1) where participants choose actions through deci-
sions that are then entered — either directly (as in the
online version) or via an instructor (as in the offline ver-
sion) — into the simulation program. Based on these deci-
sions and global conditions (such as market, inflation etc.)
the system reacts according to the rules of the imple-
mented model. Finally, feedback (e.g. on market devel-
opment, sales etc.) is provided to the participants through
various reports that, in turn, form the basis for further user
action, thus restarting the loop.

Even though this general course, and therefore the
management simulation itself, forms the center of the di-
dactical frame, it has to be embedded into a broader
(blended) learning concept to meet the learning objectives.
To this end, the simulation game is not only played with
various settings, levels of complexity and difficulty in
both online and offline environments, but is also supple-
mented with accompanying measures and tasks. Further-
more, the management game can be embedded into a
broader course design, as (engineering) students need to
possess at least basic knowledge about technology man-
agement before engaging in the game. At the University
of Vienna’s Faculty of Computer Science, for example,
the management simulation is integrated into a larger
course that commences by imparting basic theory, pro-
vides students contact with business practitioners by
means of excursions and invited talks, and also requires

User action
(decision-making process
of the participants)

Feedback

Decision

(reports, instructor) (decision-sheet)

System reaction
(processing, analysis,
instructor)

Figure 1. General course of a management game.
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Figure 2. Overview of the didactic concept of the management game.
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Figure 3. Integration of the management game in a course design.
the preparation and discussion of case studies on technol-
ogy management in class (see Figure 3). Thus, partici-
pants are well prepared when they start to play the gaming
simulation.

The didactic concept of the management game is illus-
trated in Figure 2. Before the first game is started, partici-
pants are briefed on the overall setting as well as on tech-
nicalities concerning the decisions they need to make.
However, no details about the inner workings of the game
are revealed, since the participants should learn by doing.
Next, a first (offline) introductory game is played in class,
which bears several advantages. First, the instructor may
directly react to questions without the typical time lag that
occurs in an online setting. Second, the participants’ deci-
sion-making process may be observed, which helps to spot
problems or mistakes. Also the atmosphere within the
group can be monitored more easily in a classroom set-
ting, which helps to prevent frustration as a consequence
of unexpected results. Even though direct assistance might
be one possibility, following the learning-by-doing ap-
proach the instructor should concentrate on the stimulation
and moderation of the discussion between participants.
Moreover, students can, should and do help each other
when performing tasks like calculating a “good” price,
analyzing data, drawing graphs etc. To encourage peer-to-
peer interaction during the first game, each firm is man-
aged by two students at the beginning. As the participants
should focus on the technology management aspects in-
stead of the intricacies of a web-interface, the decisions
are submitted on simple paper forms at this stage. The
instructor enters the data manually and delivers the results
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on paper, which provides the opportunity to directly give
(additional) feedback. However, these advantages of the
offline version come at the cost of an increased workload
so that generally more than one instructor is needed at this
stage to process the data. Finally it should be noted that
the complexity of the simulation is reduced during the
introductory game by disabling optional aspects such as
patents or licensing.

Once the initial game has ended, the web user interface
is explained thoroughly to the participants in order to
avoid difficulties during the subsequent online phase. Dur-
ing this phase, the game is played online over a time pe-
riod of six weeks with two decision rounds per week. As
opposed to games played in a classroom setting, partici-
pants can analyze their strategies and prepare their deci-
sions without any time pressure. Also, in contrast to the
first game, each student is fully responsible for managing
their own firm in order to prevent free-rider problems.
Nevertheless, both peer-to-peer and student-to-instructor
communication is crucial and thus encouraged also in the
online phase by providing proper channels like web fo-
rums. Experience shows that these communication chan-
nels are primarily used for questions to the instructor,
while peer-to-peer interaction hardly takes place online.
However, anecdotal evidence suggests that informal in-
formation exchange between students does occur offline
(e.g. in the cafeteria), but is limited to selected colleagues,
which indicates that students apparently regard informa-
tion asymmetry as a key strategic advantage that they try
to sustain. Note that the discussion forum is currently not
part of the management game itself. Instead, the commu-
nication features of a learning management system (LMS)
are used, which constitutes a “media disruption”.

During the online phase, participants are required to
prepare papers on selected topics related to the manage-
ment game in order to complement the learning-by-doing
approach with more theoretical reflections. The articles
are co-authored in groups using a Wiki, which is inte-
grated in the LMS. According to our experience, collabo-
rative online writing appears to be a new concept for most
of our students, which is why a basic introduction on the
use of Wikis is (still) crucial. This task allows participants
not only to gain experience with a new form of collabora-
tion, but also enables them to share with other students
what they have learned about the theoretical concepts em-
bodied in the management game. This knowledge is es-
sential for meeting the learning objectives of the course,
which obviously go beyond winning the management
game. A problem we frequently encountered was that stu-
dents hardly ever read the articles of other participants,
which may partly be attributed to the low quality of some
contributions. To alleviate this problem, we decided to
introduce peer quality assurance mechanisms. Upon com-
pletion of the initial Wiki writing process, every group is
appointed to be responsible for an article of another group,
in order to (i) improve it and (ii) write a summary. Log
files show that students do not only read the article they
are asked to improve, but also most other articles, possibly
for comparison and inspiration purposes. A potential prob-
lem with this approach is that we frequently observe
strong reservations against editing the work of others.
Also, the imbalance of the workload poses a problem
since some articles require more improvement than others.

The online-phase is followed by a final phase of atten-
dance for two and a half days in class where additional
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games are played at a higher level of complexity. When-
ever new aspects such as stock-keeping or licensing are
introduced in a game, participants form teams of two stu-
dents each managing a single firm to allow for reflection
on and discussion of the new challenges. We also ob-
served that information exchange typically does not only
occur within each group during these games, but also be-
tween groups and thus among competitors. However, this
willingness to cooperate tends to decrease as the ambition
to win the game rises at a later stage. This holds true par-
ticularly for the final assessment games, where students
can earn points that contribute (at a low percentage) to
their grades. By including the gaming results into the
grading scheme, we provide incentives that appear to be
efficient in that they considerably enhance the involve-
ment of students.

Reflection on actions and decisions plays a vital role in
all management games. In addition to regular feedback
during the game and in the discussions, participants there-
fore are required to individually reflect on their decisions
and the whole management simulation at the end of the
course by writing three seminar papers. In the first one,
students report on their “ten most fatal” decisions and
their consequences. Besides describing the circumstances
and the mistake they made (e.g. failure to properly take
inflation into account when determining prices), partici-
pants should also discuss possible strategies to avoid the
respective problem. In order to foster understanding of the
underlying model, students are required to produce a sec-
ond seminar paper that describes basic elements of the
management simulation and their interrelationships, both
conceptually and formally. This serves as a starting point
for team discussions about suggestions for extensions and
improvements of the game, which result in a third seminar
paper. Upon elaboration of this final paper, students con-
cern themselves with methods of quantitative modeling.
For most students, this phase serves as a “gentle” intro-
duction to model building and simulation, which may be
considered an additional benefit.

IV. TECHNICAL IMPLEMENTATION

A computer-based simulation that can be used in the
didactic design outlined in the previous section has to
meet a number of key requirements. To begin with, the
application has to support multiple usage modes in order
to allow for various educational settings. For instance,
during the first phase of the didactic process outlined in
the previous section, which takes place in a classroom, the
game is run locally on a single computer; the second
phase is Internet-mediated, which implies that an intuitive
user interface is required to allow participants to submit
decisions and analyze results easily; the third phase is
again conducted in a classroom setting where each par-
ticipant uses a dedicated computer connected to a local
area network. Moreover, participants cannot be expected
to install additional software on their computers. They
should rather be able to use any standard-compliant web
browser on any platform to submit their decisions and
access reports. Further to this, the application core itself
should be platform-independent, as it is used both locally
on Windows-based computers and on dedicated applica-
tion servers running Linux. Moreover, it was decided that
the implementation should rely on freely available soft-
ware. Major design objectives were stability, resistance to
manipulation, and extensibility of the system.
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Next, a number of major functional requirements were
identified. First, the application must provide an intuitive
web-based user interface. Participants should be able to
focus their attention entirely on the simulation rather than
being distracted by usability issues. Second, the applica-
tion should provide the instructor with extensive capabili-
ties for model building in order to give her the freedom to
create arbitrary scenarios. To facilitate the complex
parameterization process, the system needs to provide
appropriate mechanisms such as the ability to define
smooth functions interactively in a graphical way. Third, it
should be possible to tailor the simulation to the needs of
both novice and experienced participants by limiting or
extending the decision space during parameterization.
Finally, the system must give ample and easily under-
standable feedback to provide a solid base for decisions
and facilitate an effective learning process. Considering all
functional and non-functional requirements, we chose
Java Enterprise Edition [11] as an implementation plat-
form and developed a distributed application consisting of
four major components, as illustrated in Figure 4.

The central component that manages user accounts and
game instances and executes the simulation model is
hosted on an application server. It provides a web-based
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Figure 4. Deployment diagram.
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interface for participants as well as remote services for an
instructor client, which is used for the creation and param-
eterization of game instances, user account administration,
assignment of participants to games, and entering deci-
sions for participants in the second phase of the didactic
process. The application server connects to a database
server providing persistence.

Applying the concept of multi-tier architectures,
graphical user interface, business logic, and persistence
layers are strictly decoupled and the resulting services are
connected through interfaces. This clear separation has
significant benefits in terms of maintainability and exten-
sibility, as it results in a modular system of independent
components that can be exchanged or modified easily
without affecting other parts of the system. Another key
advantage of this approach is that it is relatively easy to
connect multiple independent presentation layer compo-
nents, such as a web interface for participants and an ap-
plication client used by instructors. Finally, and possibly
most importantly, a multi-tier approach is a good way to
support the parameterization of management simulations
for multiple educational settings, where for example the
number of players, the scenario to use and the underlying
simulation model may differ each time (cf. [12]).

The individual components depicted in Figure 4 can be
distributed across several computers or run on a single
machine. The core of the system is deployed on a JBoss
J2EE application server, which is purely Java-based and
can thus be run on a large number of operating systems.
Container-managed persistence, a technique where the
object-relational mapping is handled by the J2EE con-
tainer the application runs in, is used to preserve the state
of objects to a MySQL database. The web-interface relies
on Java Server Faces, JSP, and Java Portlets. The instruc-
tor client is implemented in Java Swing and connects to
the application server via remote method invocation
(RMI). It provides a rich user interface, does not require
installation, and is platform-independent. For an
illustrative example of its use, see Figure 5.
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V. CONCLUSION

The management game introduced in this paper com-
plements more “traditional” instructional methods com-
monly used in technology management education in a
blended-learning course design and provides an excellent
opportunity for students to gain relevant first-hand experi-
ence through learning-by-doing. The service-oriented ar-
chitecture of the application facilitates its use in various
educational settings and its adaptation to the specific
needs of participants. Learning success, however, is not
solely determined by the quality of the underlying simula-
tion model or its technical realization. These factors must
rather be considered necessary conditions. When it comes
to achieving learning outcomes, the integration in a
broader didactic design plays a key role for success. For
this reason we suggest combining the game-based learning
approach of the management simulation with various ad-
ditional elements into a didactic design that encompasses
(i) continuous peer-to-peer knowledge exchange, both on-
and offline, (ii) teamwork and team play, (iii) written ex-
post reflection on decisions and discovered relationships,
(iv) suggestion of extensions to the simulation in a semi-
nar paper, which encourages participants to gain a deeper
understanding of the underlying model and may serve as
an introduction to mathematical modeling and (v) theo-
retical considerations regarding various topics related to
the simulation, which are prepared by participants in the
form of Wiki articles. In order to assure quality of the con-
tributions and encourage the dissemination of information
among participants, these articles are subject to obligatory
peer review.

Still, our management game may be complemented in
several directions. First, the integration of online commu-
nication directly into the management game would elimi-
nate the media gap caused by the use of various external
communication channels and, thus, help to alleviate the
lack of rich communication and information exchange
during the online game. Learning blogs could be used to
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allow the participants to record and analyze their thoughts,
strategies and decision-making processes during the game.
Next, additional game options like multiple (international)
markets or cross-licensing of patent portfolios with bal-
ancing royalty payments and/or the introduction of com-
puter-controlled rivaling firms would allow for new possi-
bilities.
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