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Abstract 
The paper presents the Enterprise Simulation Laboratory concept, which is 
currently being developed at Helsinki University of Technology. At first, the need 
for visual, interactive enterprise simulation models is put forward. Thereafter, a 
classification of enterprise simulation models is presented, and the state of the art 
in enterprise simulation games is analyzed. To fill the gaps in both manual and 
computer supported enterprise simulations, the idea of a "virtual enterprise space" 
for simulation is presented. It enables the interactive, visual simulation and 
experimentation of enterprise systems in a group mode. The Enterprise Simulation 
Laboratory creates unique research possibilities to apply and study enterprise 
simulation techniques and organizational learning in a laboratory setting. 
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THE NEED FOR ENTERPRISE EXPERIMENTS THROUGH 
SIMULATION 

The way an enterprise is "seen" and understood is fundamental for its management 
as well as for research. However, enterprises are not stable structures, but change as 
a response to the rapid development of their competitive environments. This poses 
the challenge for managers and personnel, as well as researchers and students, to 
continuously learn and update their mental constructs of enterprises. 
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14 Part One Simulation Games in Industry 

Traditionally, industrial companies were perceived as mechanistic systems of 
functional departments, controlled and managed through the hierarchy of authority. 
This Tayloristic organization, however, leads today often to sub optimal business 
performance. This was demonstrated in the 1980's by the superiority of the new 
business process oriented "lean production" perception of enterprises and enterprise 
networks, when compared to the old Tayloristic organizations. 

Lean management was innovated through painstaking incremental experiments 
in Japanese companies, starting already in the 1930s. Costly trials and errors 
helped managers in car industry to understand the enterprises' operational 
functioning as organic processes rather than as mechanistic functions, and to 
develop innovative process-oriented management principles (e.g. Schonberger 
1982). The lean enterprise was "benchmarked" and adopted by the follower 
companies, to become a new management paradigm. (Smeds 1994) 

At present, new images of industrial enterprises are gaining ground. To answer 
to increased competition, enterprises have now to be agile: effective, flexible and 
innovative at the same time. They have to learn and innovate continuously, and 
evolve in close interaction with their turbulent environment (e.g. Senge 1990, 
Wheelwright and Clark 1992, Nonaka and Takeuchi 1995, Smeds 1996). The new 
management implications of this image are however again hard to understand, by 
managers as well as academia. How does an agile, continuously learning enterprise 
look like? How does it work? How should it be organized and managed? 

Enterprise experiments to create more competitive processes are constantly 
conducted in companies, and researchers are analyzing and explaining, why they 
succeed or fail. But trial and error is slow and ineffective, and errors in real life can 
be fatal. For product innovations, scale models and even virtual prototypes are 
used for testing out different product concepts before expensive realization. 
Analogically, for "enterprise innovations", simulation models are needed that allow 
"enterprise prototyping", the experimentation of an enterprise's organization, its 
operational processes, strategies and the resulting economic performance before 
final design and implementation (Smeds 1996, 1997, Riis et al. 1996). To 
complement and support the "real life learning" in companies, simulations on 
enterprise models are needed. 

2 MODELING ENTERPRISE SYSTEMS FOR SIMULATION 

2.1 Technical and social systems 

Enterprise simulation models can be classified according to the nature of the 
system to be simulated, and the tools used the simulation (Figure 1). For example 
material flows and layouts of complex production systems, as well as economic 
systems, are often modeled as technical subsystems of the enterprises. They can be 
simulated with computer supported mathematical models. Production scheduling 
simulation packages for companies, as well as software games for education are 
examples of technical enterprise simulation models. Simulations on the technical 
models are run by experts, and the outputs can thereafter be used as input in the 
human decision processes or for training. 
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But enterprises do not only consist of technical systems, rather they are complex 
socio-technical systems, and the models of enterprise processes should also 
incorporate the social dimension, the interaction of human beings. This can be 
achieved "manually" in brainstorming and games, but also in a computer 
supported way, applying virtual reality to support the social simulation (Figure 1). 
In this hybrid simulation, the people are engaged as actors in the virtual reality 
model, and can as a group see, experience, experiment and understand the virtual 
organization and its dynamic functioning. 

Manual 

Computer 
supported 

Conretization 
Conceptualization 
Analytical models 
Scale models 

Graphical models 
Mathematical models 
Dynamic models 

Technical 
systems 

Brainstorming 
Role games 
Board games 
Social simulation games 

Hybrid: 
Pedagogical animations, 
Virtual reality 
& Social simulation 

Social 
systems 

Figure I. A classification of models to simulate enterprise systems 

2.2 Generic and enterprise specific models 

The third dimension to the classification of enterprise simulation models comes 
from the fact, that the technical as well as social simulation models can be either 
generic or enterprise specific. 

Generic simulation models simulate the behavior of fictive enterprise systems. 
They can be used for educational purposes, to create awareness and understanding 
about the general dynamics of enterprises, about new management principles and 
concepts. Examples like computer supported business games, manual board games 
and role plays with pedagogical manuscripts are of high value for the education of 
students, and they can also be used for education of enterprise personnel. 

An enterprise specific model is tailored to support the experimentation, 
development and testing of a specific system of a certain company. Examples are 
technical layout and material flow simulations, or social simulation games for 
business process development. 
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3 SIMULATION GAMES FOR SOCIO-TECHNICAL ENTERPRISE 
SYS1EMS 

A simulation game combines the features of simulation (incorporation of the 
critical features of the reality into the model) with those of a game (players, rules, 
competition, cooperation) (Saunders, 1988). The game component adds the social 
dimension into the simulation model. 

An enterprise simulation game is based on a simplified and accelerated model of 
a selected enterprise process. This model is often physically constructed e.g. on a 
game board or in a simulation room. The game model and rules should be in 
relevant aspects as isomorphic with the real process as possible, because they direct 
and restrict the understanding created by the simulation. 

The most important elements in the simulation are the players of the game. The 
dynamic operation of the process is simulated through their action and 
communication. Thus also the composition of the game group is important. The 
simulation games are often facilitated by one or severalfacilitators. 

3.1 Generic enterprise simulation games 

Generic enterprise games are often based on a manual model. For example a 
production system game can be built of a game board, physical material, written 
rules and documents. The game is played according to the rules by human players 
occupying fictive roles (e.g. Schierholt and Brtltsch, in this volume, Alstrup and 
Busk Kofoed, in this volume). Some of these generic games are available as 
commercialized products, e.g. ADV ANTIG (Gertsen 1995), and the Lego Truck 
Game (Johansen and Mikkelsen 1995). A facilitators typically assists in the game 
runs and discusses the results in the debriefmgs together with the players. 

To a growing extent, the economic calculations and the technical subsystem 
simulations during the games are conducted on computer-based mathematical 
models (e.g. ZUlch et al., in this volume, Mulder et al., in this volume). 

Generic business games are frequently used in university education. They 
simulate the economic performance and competition of companies based on 
mathematical computer models. Through the inclusion of team work and seminars 
into decision making and reporting during the game, the social dimension can to 
some extent be incorporated into the basically very "technical" business 
simulation. (e.g. Smeds et al. 1996) 

3.2 Enterprise specific simulation games 

The enterprise specific simulation games are based on tailored models of company 
processes, and on company data. Typically, a rough model of the process is first 
created as an analytic description (flow chart) of the activities and the information 
and material flows. Then it is manually constructed, e.g. by furnishing a seminar 
room as a "scale model" of the process, with adequate paraphernalia and process 
materials. In the game itself, the players fill in the relevant details and much of the 
coordination and cooperation rules of the enterprise process. 
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The composition of the game team is important for the validity of the simulation 
model. The team should mirror the organization of the process as closely as 
possible; ideally all employees and managers engaged in the real process should 
participate also in the simulation. The players act in their own work roles. They 
act and "talk through" the activities and information and material flows of the 
process, following the route of a concrete case example, e.g. a specific customer 
order, and using supporting case material. Observers, e.g. support staff from the 
company's development functions, representatives from other departments or 
organizations can participate in the game and in the discussions, depending on the 
focus of the game. If top managers participate in the game, also the strategic and 
policy aspects of process operations can be included in the simulation (e.g. Smeds 
1996). 

Through the human interaction and discussion in the game, tacit knowledge of 
the process is externalized and shared, and a common understanding is created. 
Development ideas, problems and open questions concerning the process are 
awakened and written down for further use in smaller process development teams. 
The teams refine the ideas into a new process design to be tested in a prototyping 
manner in the subsequent simulation games (e.g. Smeds and Haho 1995a, b, 
1996, Haho and Smeds 1997a, b, Forssen-Nyberg and Hakamliki, 1997, 
Ruohomliki 1995, Haho, in this volume, Forssen-Nyberg and Kutilainen, in this 
volume, Pankakoski, in this volume). 

Enterprise specific simulation games are efficient methods for process innovation 
(Smeds 1994, 1996). Therefore the choice of the target process and the objectives 
for the process "prototyping" should be based on strategic analysis. Sometimes, 
the first simulation game becomes itself an important method to clarify and define 
the strategic objectives for the process re-engineering project. (Smeds 1996, 1997) 

Although the models of enterprise specific games are tailored, the methods and 
procedures for building the models and for running the games can to some extent 
be standardized (e.g. Piispanen et al. 1996, Haho and Smeds 1996, 1997a, b). 
There exist also enterprise specific games, where the technical subsystem 
simulations are run on a computer model. This enables an accelerated simulation 
e.g. for capacity planning in the production process (e.g. Savukoski et al. 1995). 

3.3 The need for new tools to support simulation games 

The social simulation that is necessary in both the generic and specific enterprise 
games is achieved through human interaction, discussion and experimentation 
during the game. But the ways in which this human interaction is supported by 
manual or computerized tools varies. Both manual and computerized tools have 
their limitations. 

In the manual games, the alternatives that can be jointly experimented are 
restricted by the limitations of the physical place and material, and also time, since 
the game runs have to be performed manually. 

Using computerized tools in some parts of the simulation can cause limitations, 
since the dynamics of the game is restricted by the mathematical model and hidden 
into computer program, and thus cannot be "seen" and acted upon by the players. 
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Virtual reality gives new technological possibilities to overcome these 
limitations. Through the use of the latest achievements in multimedia, computer 
graphics and visual programming, a visual interactive model can be created for the 
group simulations and experimentations of both generic and specific enterprise 
systems. This is the development idea of the new Enterprise Simulation 
Laboratory at Helsinki University of Technology. 

4 THE ENTERPRISE SIMULATION LABORATORY CONCEPT 

The Enterprise Simulation Laboratory is being developed in a three year project 
1997-2000 at Helsinki University of Technology, TAl Research Centre, as a 
collaborative effort of three laboratories: Industrial Economics, Industrial 
Psychology, and Telecommunication Software and Multimedia (TLM). The 
Laboratory aims to answer to the challenges of social simulation in both generic 
and enterprise specific models in a unique, multidisciplinary way: it supports the 
interactive human experimentation through the creative combination of existing 
enterprise simulation games, dynamic mathematical models, and virtual reality. 

4.1 The virtual "enterprise space" for enterprise simulations 

In the Enterprise Simulation Laboratory, the virtual reality for simulations will be 
created through the virtual wall concept' (Takala 1997): 

On one wall of the laboratory, a huge three-dimensional picture of the simulated 
system is projected from a computer display. This picture can be flexibly modified 
applying computer graphics and e.g. video picture. The virtual wall gives almost 
unlimited possibilities to visually model the enterprise "space", from the simple 
furnishing of the simulated room (e.g. applying animation) to the visual 
presentation of data, and even to the telepresence of the players in the virtual space 
(immersive virtual reality). Every player can simultaneously see and experience the 
wall, which enables a shared, social simulation experience. 

During the simulation games, the virtual wall can support visual experimenting 
of enterprise processes in at least five different ways: 

1) Conceptual simulation data can be projected to the wall, for every player to 
see: e.g. the layouts and process charts, performance measures, economic 
analyses of the processes; also outputs from mathematical simulations of the 
technical subsystems, if they are applied during the simulation game. 

2) The physical simulation environment can be visualized in a two- or three
dimensional form: e.g. the future layout ofthe new company, the view of the 
workshop with its machines, the material flows and even the movements of 
virtual actors in the workshop. - The facilitator can change these images 
flexibly and quickly on the screen, even during the simulation. 

1 The best known virtual space application, called CAVE, has been developed at 
University of Illinois at Chicago. 
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3) The players can interact directly with the virtual wall model, e.g. change the 
layout of the factory and the location of the machines in the workshop. 

4) The players can immerse themselves into the virtual reality, e.g. into the 
planned future factory, and experience the space and the functioning of the 
factory from "within". 

5) Even players at different geographical locations can participate in the same 
simulation, if the virtual wall picture is transmitted via interactive broadband 
telecommunication networks simultaneously to several locations. The players 
can interact applying CSCW technologies and interactive video, and even 
meet each other as virtual actors in the "enterprise space". The Enterprise 
Simulation Laboratory is thus not necessarily tied to one location, but can 
exist in a telematic network. 

The two first points on the list above can be achieved with existing multimedia 
software, hardware, and simulation game methods, but the latter points require 
multidisciplinary research and development effort to create software and equipment 
for an appropriate user interface for the virtual "enterprise space". 

4.2 Developing the Enterprise Simulation Laboratory 

The Enterprise Simulation Laboratory's virtual "enterprise space" is a challenging 
multidisciplinary research agenda for the next three years. It is developed in a 
"concurrent engineering mode" with three cutting edge Finnish industrial 
companies representing machine industry, telecommunications and medical 
industry (Figure 2). 

The needs of these pilot companies set high requirements for the Laboratory: 
1) Pilot company A wants to develop a visual, generic simulation game to train 

the whole personnel in understanding the operations and strategies of a typical 
industrial company, and the connections between operational processes and 
economics. 

2) Pilot company B is growing rapidly, and is moving to a new factory. It needs 
tailor-made technical and social simulation support to re-engineer its layout, 
production lines, material flows, and later its global logistic chains. The company 
is also in the process of implementing a new operations control system, and has to 
train its employees to the new processes. 

3) Pilot company C is re-organizing its highly complex, knowledge intensive 
R&D process of medical drugs, and needs interactive social simulation games to 
be able to dramatically decrease the lead time ofnew product development. 

The Enterprise Simulation Laboratory project proceeds in a prototyping manner 
with the three parallel pilots. For each pilot company, simulation model 
prototypes are developed and tested with company test groups. The evaluations of 
the prototypes' usability, learning effects, effects on innovations, as well as the 
technical requirements of software and graphics are important feedback for the 
development of the subsequent versions of the models and of the whole Enterprise 
Simulation Laboratory. (Figure 2) 
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Special emphasis has to be put from the start of the development project on the 
validity of the models and the learning effects of the simulations. The experiences 
that are created in the virtual enterprise space have to equal in relevant aspects the 
real enterprise processes, otherwise the players will learn the wrong lesson. 

VIRTUAL REALITY & MUL TIMED lA 
existing and new software applications: 
for process simulation; 
prototyping, evaluation: technical, usability 

Figure 2. The development concept of the Enterprise Simulation Laboratory 

4.3 The Enterprise Simulation Laboratory in future use 

The Simulation Laboratory at Helsinki University of Technology is planned to 
continue its functioning after the three year development project, to serve three 
main user groups: the students, the industry practitioners and the researchers. 
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The Laboratory's technical construction, the virtual wall, can be applied to enable 
visualization and experimentation in the teaching of Industrial Management 
courses. E.g. computer simulation displays like the business game outputs after 
each game round can be projected on the virtual wall for the joint analysis and 
discussions by student groups. Cooperative work on the same model is possible 
on the virtual wall, and the combination of the virtual wall with telematics creates 
new possibilities also for students to engage in distant collaboration and learning. 
(cf Augustin, in this volume) 

Practitioners from industry can firstly be invited for educational generic 
simulations to the Laboratory. But secondly, and more importantly, they can use 
the Laboratory as an "enterprise clinic" for their enterprise specific problem 
solving and process development tasks. Development groups can attend simulation 
games, which are tailored to the enterprises' needs and played in the virtual 
enterprise space of the Laboratory. This possibility is especially valuable in the 
simulation of an enterprise's future processes, where manual models would be too 
limited, rudimentary, and slow, and computerized mathematical models would 
inhibit the necessary social interaction for experimentation, synthesis and 
understanding. - The telepresence of players in the game makes it possible to 
simulate global processes of enterprises through the virtual meeting of players in 
the same simulation. 

Multidisciplinary research teams will have excellent possibilities to study 
virtual reality and multimedia simulations of enterprise processes, as well as their 
user interfaces and learning effects, already in the prototyping phases of the project. 
Later, as an enterprise clinic, the Enterprise Simulation Laboratory will become a 
unique facility for research on new enterprise modeling and simulation techniques, 
and especially on the complex phenomenon of organizational learning. While 
using the Laboratory as a clinic for their internal development and problem solving 
tasks, the enterprises will provide rich empirical data for research on organizational 
decision making, innovation and experimental learning. 
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