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INTRODUCTION

Information and communication technologies (ICTs)
are increasingly expanded nowadays and undoubtedly
constitute a vital component of our modern society
influencing many aspects of our lives, such as
administration, economy, culture, work environment,
home life, and, most of all, education. In particular,
multimedia and Internet technologies provide exciting
opportunities for the integration of new tools in the
curriculum in order to support teaching, to promote
students’ active engagement and enhance their ability
to facilitate high order skills.

A number of ICT applications, such as computer-
based laboratories, hypermedia and virtual reality
applications, educational games, simulations and
modelingtools, exploratory programming environments,
intelligent tutors, and others are available for teachers
and students (Jonassen, Howland, Moore, & Marra,
2003). Among the various ICT applications, computer
simulations are of a great interest since they constitute
open educational environments providing active
engagement and practical experiences for learning and
the understanding of concepts beyond their theoretical
context.

Currently, the use of simulations covers a wide range
ofapplications within the areas of research and analysis
studies (Feinstein & Park,2002; Hanan, Prusinkiewicz,
Zalucki, & Skirvin, 2002; Mesa, Navarro, Steinmetz,
& Eke, 2003; Washington, Weatherly, Meehl, Semtner,
Bettge, Craig et al., 2000), system design (Axelrod,
1997; Lorek & Sonneschein, 1999), training and
education (de Jong & Joolingen, 1998; Jimoyiannis &
Komis, 2001; Lee, Nocoll, & Brooks, 2004; Ziv, Small,
& Wolpe, 2000), entertainment (Leemkuil, de Jong,
& Ootes, 2000), and physical therapy (Merians, Jack,
Boian, Tremaine, Burdea, Adamovich, et al., 2002).

Computer simulations are becoming more generally
recognised as efficient learning environments where
students can explore, experiment, question, and
hypothesise aboutreal life situations (natural or social),

which would be inaccessible otherwise. Simulations can
offer substantial benefits in education by overcoming
obstacles of doing experiments, through replacing
real world systems, overcoming drawbacks of those
systems, visualising invisible processes, and offering
multiple views and multiple representations of the
situated system.

In this article, the basic characteristics of scientific
and educational simulations are discussed. Research
findings which support their educational effectiveness
are presented, and emphasis is placed on the pedagogical
issues of designing and using simulation environments
aiming at facilitating students’ engagement and active
knowledge construction.

SCIENTIFIC SIMULATIONS

Generally speaking, a simulation is a technique of
imitating the behaviour of a situation, process, or
system by means of an analogous system. In the
simplest sense, a system is a set of interacting identities.
In the case of scientific simulations, this analogous
system is a mathematical model. The mathematical
equations that produce the model represent the various
processes which take place within the target system.
In other words, this model constitutes a simplified or
idealised representation of a system by means of a set
of mathematical equations (algebraic, differential, or
integral). The mathematical model becomes a simulation
by solving numerically (i.e., for varying sets of input
values) the equations comprising in order to imitate or
simulate the dynamic (time-varying) behaviour of the
system (Fishwick, 1995).

In a computer simulation, the mathematical model
isproduced by proper executable algorithms, which are
used to solve the mathematical equations. Consequently,
a computer-based simulation is a software application
thatembodies amodel of the actual or theoretical system,
executing the model on a computer and analysing the
output. Any system in either the micro- or the macro-
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world can be simulated, providing that its behaviour
can be described by a computer model (algorithm).
Usually, a simulation model is an abstraction that
behaves somewhat like the original system, thus
allowing users to replicate only a small part of the
actual system under investigation (e.g., its key features
or characteristics).

The common perception of a simulation is that of
an interactive computer program that replicates, within
limits, some object, phenomenon, situation, or process
ofthe real or the imaginary world. There is a confusion
between simulations and other computer applications
which have a similar-looking output like animations
or visualisations. Simulations differ substantially
because they predict an output based on a series of
inputs. On the other hand, computer animations do not
use any underlying model to calculate the behaviour
of the system while they simply display a series of
precalculated values. In conclusion, there are two key
features which define a computer simulation (Thomas
& Milligan, 2004):

* A computer model of areal or theoretical system
that contains information on how the system
behaves (formal entities, properties, and rules or
relationships among them).

. Experimentation can take place; for example,
the user can change the input to the model, thus
affecting its output behaviour (Figure 1).

Twomethods of simulation distribution are available:
CD-ROM or Web-based format. ACD-ROM is suitable
when the simulation material needs extensive memory
and it would be too time-consuming for the user to
download it from the Web. On the other hand, using a
Web format makes the material immediately available
from virtually anywhere in the world, independently of
the computer platform used. Furthermore, material on
the Web can be readily updated and easily structured
through hyperlinking techniques, thus making clear
the relationships between the various parts.

Figure 1. The simulation process

Basically, two different technologies are used
to support simulations development. Multimedia
simulations mainly use a two dimensional (2D)
representation to simulate the natural world, and, as a
consequence, they lack realism. Alternatively, virtual
reality (VR) simulations constitute arealistic 3D, highly
interactive, multimedia environment in which the user
becomes a participant in a computer-generated virtual
world. The key feature of VR simulations is real-time
interactivity, where the computer is able to detect user
inputs and instantaneously modify the virtual world
in accordance with user interactions. VR simulation
environments could be explorative or immersive. The
latter consist of special hardware parts including head-
mounted displays, motion-sensing data gloves, eye
phones, and others.

SIMULATION DESIGN

The process of designing and building a simulation
is known also as modeling process. Modeling, in
general, is a way of thinking and reasoning about
systems. The goal of modeling is to come up with a
representation that is easy to use in describing systems
in a mathematically consistent manner (Fishwick,
1995). Moreover, modeling aims at the prediction and
understanding of the behaviour of the target system
under a range of conditions. The creation of models is
adynamically evolving cyclic process, and, in general,
four main stages can be identified within it (Fishwick,
1995; Thomas, 2003):

Conceptualmodel formation: Thisisanabstraction
process whereby the designers define a simplified
representation of the system. Conceptual modeling
incorporates: (a) identification of the components
of the systems and the boundaries or limits of the
corresponding model, (b) revealing and defining rules
and relationships between the various entities, and
(c) creation of new information in cases where there
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