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Synopsis 

Simulation games are presented as having a special affinity with the 
Guided Discovery Tutoring (GDT) paradigm defined by Elsom-Cook 
(1990). Three different instances of game models as tutors are then 
distinguished. The most promising form of tutoring occurs when a 
group of players may negotiate a game model that they share and test 
together. The authors present different instances where game building 
has served such a purpose and has contributed to develop a common 
interface among players. With the help of computer and 
communication technology, it is shown that simulation games may be 
used to formalise human interactions in ways that are conducive to 
learning. 

Keywords: 
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Introduction 

The past two decades have seen computers extend and, in some 
instances, vastly increase the potential of educational simulation and 
games. This, in turn, has helped to make simulation and games even 
more appropriate tools for fostering learning. With the more recent 
advent of new technologies, particularly computer networking and 
communication technology, some innovative ways of playing and 
building simulation and games have started to emerge. 

The main purpose of this paper is to illustrate how network 
technology and simple game authoring systems may help any young 
pupils to learn not only through game playing but also through game 
building activities. While peer-to-peer tutoring has been known to help 
foster learning, especially in a well-structured environment (Loranger 
et al. 1984), we will describe how some software have combined game 
building with network technology to provide some form of social 
interaction among peers. 

Computer-Aided Instruction 

Recent tradition in computer-aided-instruction (CAI) has grouped 
educational software development into two main trends: Intelligent 
Tutoring Systems or ITS (Wenger 1987; Bonar 1991) and learning 
environments, also called Microworlds (Papert 1980). Although 
simulation games share some important features of both these 
traditional categories, they do not seem to fit completely within either 
architectural configuration. ITS seems to be too directive and 
therefore leave out the "play" element, while Microworlds have a 
tendency to lack direct external validity, thus occulting the "simulation" 
element. 

Both Microworlds and ITS designers have reacted, in recent years, 
to each other's strengths as well as to new trends in education. 
Specifically, ITS have attempted to be less rigid, to allow more learner 
control over the process, and Microworlds are becoming more specific, 
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with different help functions and certain problems to be solved by the 
learner. The tendency to develop along increasing converging lines has 
lead the way to the development of a new concept: Guided Discovery 
Tutoring or GDT (Elsom-Cook 1990). 

In a traditional ITS, the learner interacts with a computer based 
tutor in a programmed learning situation. This tutor can provide 
specific instructions, access to a knowledge base through some kind of 
help function and can offer criticism where learner actions are deemed 
inappropriate. These systems normally have the possibility of 
generating teaching situations as they progress rather than simply recall 
material prepared by someone else and stored in memory. Further, in 
these learning situations, the interaction is constantly adjusted to suit 
the needs of the individual learner (Wenger 1987, Bonar 1991). Such 
systems have a tendency to be considered as knowledge-driven 
learning situations where the tutor has most of the control over the 
process. 

At the other end of the spectrum are the Microworlds. These 
computer-based learning environments offer a context where the 
learner can define and test both the basic elements as well as the 
playing rules. In such an environment, there is no tutor to control the 
game or offer reasoning about its own behaviour, as would be 
expected of traditional tutoring systems. Here the learner is expected 
to learn about a domain by freely exploring the environment (Papert 
1980). Such a system is entirely learner-driven. 

In an attempt to offer traditional intelligent tutoring systems users 
more flexibility as well as more direction and help to the Microworlds 
users, such software designers have tended to converge towards each 
other (figure 1). Mark Elsom-Cook (1990) proposed "to combine the 
above approaches into a single methodology". In his Guided 
Discovery Tutoring (GDT) approach, he proposed that the learner 
would interact with an environment in the presence of a (computer-
based) tutor. This tutor would have the capacity of interacting with 
the environment as well as with the learner. Although such an 
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approach is basically learner-driven, it is also strongly supported by the 
tutor. 

Among all games, simulation games have a special affinity with a 
GDT paradigm. Players do interact with an environment, while game 
rules and constraints guide them through the discovery - or abstraction 
- of a simplified model of reality. Within a GDT framework, 
simulation games establish a better equilibrium between learner 
freedom and tutor control. Still, GDT can be more or less directive if 
it cannot accommodate more than one representation of knowledge or 
more than a single viewpoint. That is why, Moyse and Elsom-Cook 
(1992) introduced the concept of "knowledge negotiation" to account 
for the need, in many learning situations, to develop alternative 
knowledge representations or multiple viewpoints, for meaningful 
learning. 

Simulation games are specially useful in learning systems where the 
learner must be exposed to multiple representations of a phenomenon 
and get actively involved in the construction of his own 
conceptualisation of a domain. Learning from educational simulation 
game activities emphasises active involvement on the part of the player, 
not only in game activities but in the reconstruction of knowledge. 
Thus, simulation/games have little to do with "education as 
transmission" (Self 1989) and with tutoring systems where the 
learner's knowledge is considered to be a subset of the tutor's. 
According to Moyse and Elsom-Cook (1992), 

It has been realised that for many domains there is not a single 
correct representation, and that the interpretation of the domain or 
'viewpoint,' must be jointly constructed between teacher and learner. 
This implies the need for representation and mechanisms to support 
negotiation. (Moyse and Elsom-Cook 1992, pi) 

One way to increase exposure to multiple viewpoints is to increase 
social interactions among learners. Piaget (1971) has shown that social 
interaction is an important factor of cognitive development. In the 
more specific case of computer aided instruction, Michaud et al. 
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(1991) have shown that interactions among learners helps to foster 
learning. The channelling of these group interactions through network 
communications offers the potential to expand the multiplicity of 
viewpoints beyond a local grouping to actually link participants from 
widely different locations. In a game played on a network, not only 
does each student learn from his own participation but also through 
interacting with others. 

Whether the game is of a competitive or co-operative nature, game 
participants have to develop multiple representations of the game and 
of other players' points of view. In that sense, the game model acts as 
a common reference of mutually agreed upon rules and environments. 
Specifically, it refers to "the transformation of concrete phenomena 
from a reference system into symbolic relations describing the 
interactions between elements" (Corbeil et al. 1989). Playing along 
those rules within the set parameters require different levels of 
accommodation on the part of each player: 

(a) accommodation to game rules and constraints. 
(b) development of compatible game strategies. 
(c) involvement with other players through the set of interactions 

provided by the game. 

Human-Computer-Interface and Game Model 

Human-computer-interface (HCl) plays an important role in the 
development of an appropriate representation of the game model by 
the player. First, it is essential to the transposition of the game's 
operations into appropriate interactions with the computer or other 
players on a network. Second, it serves to illustrate consequences 
following one or many players' moves. Problems may occur in each 
instance. The player may misinterpret the meaning of some objects 
(either a symbol, an action-command or both) or may misunderstand 
the consequence of his or others' actions in terms of the game model. 
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The first set of problems stems from learning the game, while the 
second arises out of learning from the game (Laveault and Corbeil 
1990). Game designers are familiar with both sets of problems. In the 
first case, the designer must entertain the most appropriate ways to 
translate game interactions into moves in a game-defined environment. 
These moves must be simple, feel natural and bear some resemblance 
with the phenomenon they represent. Furthermore, Papert (1980) 
suggests the need for "cognitive hooks", or elements of the 
environment from which the learner can draw parallels between what 
happens on the screen and what happens in his mind. HCl simply adds 
an extra level of concern: the interface is not only with a game board 
but also with a computer. For example, moving on a game board to 
represent the movements of a fleet will have to be carried in a way both 
the computer and the player may understand: either with a cursor 
movement attached to the object or with a point and drag movement 
with a mouse, or otherwise. Each move may be executed in many 
different ways, some of which may be more familiar or feel more 
natural to some players than others. Thus, a first level of knowledge 
negotiation may occur as to how the moves will be carried in a way 
each player will understand. Elsom-Cook (1992) described different 
levels of error that may occur when an interface is shared. These range 
from simple errors of attention and memory to communication errors 
causing inappropriate connections to be made between the computer 
interface and the concept it is supposed to represent. Game designers 
will have to take these possible errors into account in order to minimise 
the time required to learn the game and also to make the game more 
credible and easy to manage. 

The second set of problems is even more complex. It has to do 
with the capacity of the game model to promote some kind of learning 
among the players. Even if a game designer was surprised at the 
suggestion that his game was "teaching something", he would certainly 
agree that it provides some form of learning opportunities. This 
connection with educational concepts suggests that educational 
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simulations and games could be considered to be within the GDT 
concept provided that other fundamental characteristics be present. 
Most of the knowledge learned from the simulation and games context 
is of an experiential nature and involves different levels of interactions 
among game participants which, at present, is difficult to reproduce in 
a human computer interface. Using a computer network allows the 
relaying of important information among players and thus serves as a 
sophisticated human-human interface. In such a system, a tutor can 
then be developed which could transform the usual board game into an 
"intelligent game system". A computer version of a game would 
provide definite advantages over the game board version providing that 
some innovations are introduced in a game that go further the mere 
transfer of media. 

Game-Models as Tutors 

Two kinds of tutors are actually involved in a computerised simulation 
and game activity: 

• the first tutor has complete knowledge of the game rules and of the 
limitations of the game environment, and thus would facilitate 
learning the game. 

• the second tutor is the game model and therefore would promote 
learning from the game. 

The first kind of tutor is completely straightforward. It has to do 
with the enforcement of the game regulations. The computer program 
may have a complete knowledge of the game rules and check whether 
each move is possible according to resources, game rules, etc. It may 
also give hints on how to manage resources, if resources are involved, 
or provide any kind of advice or support, such as to the game status. 
This tutor insures that the game is easily managed and that all players 
abide by the rules, or else, the meaning of the game itself is completely 
lost. 
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The game model, though an approximation or simplification of a 
real phenomenon, also acts as an informal tutor. It represents the 
domain of all potential experiential learning. It acts as a tutor since 
the game model will influence the outcomes of the game and 
consequently what can possibly be experienced by each player. The 
game model is the result of a choice. This choice of model may be 
internal (by the players themselves) or external (by the designer). It 
may also consist of a highly parameterised model or not. In the case of 
of a low parameterised model, participants will make the experience of 
their own model instead of experiencing one provided by others. 

In either an internally or externally parameterised game, players are 
likely to experience multiple viewpoints and test different occurrences 
of a particular situation. The role of the game model as tutor can be 
made more or less directive depending on the situations. Among the 
most directive instances, the game model is subtly imposed on the 
learner through a series of hints or advises required to win or succeed. 
This would not accurately reflect a GDT approach. In some other 
instances, however, the player gradually develops his own 
representation of the model of the game through a series of interactions 
or repeated experiences with the game. The player may even test the 
validity of his own model if the game is sufficiently open and allows the 
player to rewrite the game rules of play to fit his own model. 

The pre-defined nature of the game will thus impact on the kind of 
discoveries made possible by a game as well as on the kind of learning 
experiences. The role of the game model as a tutor can also evolve 
according to each situation since the game context will act as some 
kind of interface between the player and the tutor. Furthermore, the 
game context will rapidly become an interface among players. 
Different scenarios involving three kinds of interaction may include the 
following : 

• a player may test his own model; 
• a player may test a model developed by another player; 
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• a group of players may negotiate a model that they will share and 
test together. 

Networks and telecommunication technologies play an important 
role in the implementation of at least two of these three previous 
scenarios. In turn, each scenario has some important repercussion on 
the role of the game model as tutor and on the best ways to interface it 
with players. In fact, all scenarios involve the participants not only as 
game players but also as game builders or game designers. 

The Student as Game Builder 

One has not to be constrained by the technological limitations of the 
present software and educational innovations may largely compensate 
for some of them. For example, the introduction of multiple 
viewpoints can be done with the help of peers sharing the same 
interface on a network. This may also let each participant experience 
imperfect solutions, such as in real life situations, although these can 
hardly be found in ITS. 

The involvement of peers may take many forms. One of these 
involve the student as a game builder for peers. Using the same frame 
game (Stolovitch 1982), players may share a common interface on a 
network. The objects of the game may be used as the elements of a 
simplified representation of a real phenomenon. Game building helps 
the student to summarise his own conception of reality while field-
testing of the game on a network may provide useful feedback on the 
game and the model it represents. 

As an illustration, we will introduce different examples of game 
building by elementary school children. They are the result of software 
developed for the Ontario schools of Canada over the past ten years. 
Although none of our examples really fit into the simulation game 
category, the games and simulations we introduce may serve to 
illustrate some of the basic principles of learning through game 
building. All these software took advantage of the network technology 
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developed by CEMCORP as early as 1984 to involve students into 
sharing their school work. In some instances, this sharing has 
consisted in creating, with the help of simple authoring-systems, 
simulations and games for peers. 

Despite the many problems encountered in developing easy to use 
authoring-systems, one important question remains: What is the value 
of the material developed by peers and how much of it can we trust? 
The answer to this question is not simple and depends on the kind of 
learning experience that can be provided by such systems. Most of the 
observations gathered to that effect come from the field-testing of 
these software before their final approval by the Ministry of Education 
of Ontario. 

We have categorised our examples into three groups: 

1. Closed systems with simple and complete feedback. 
2. Partially-open systems with incomplete feedback. 
3. Open systems with complex feedback. 

Closed Systems with Simple and Complete Feedback 

Such systems came first among the author-systems initially developed. 
They essentially consist in quiz created by each pupil who then share 
them over the network. Each pupil prepares a list of questions, a 
correction grid and a system of scoring and feeds these information 
into the computer according to a certain frame game. The computer 
software then generates a game where these questions are used. Good 
answers serve to score points to find the exit from a labyrinth (ΜΑΊΉ-
(MATH-MAZE), or to succeed in a flight mission (COURRIER DU 
SUD), etc. The games generated are most often of the adventure or 
arcade type and serve mainly to motivate students in learning drills or 
in recalling verbal information. Assuming that the database of 
questions and answers the student-author has created are free of 
errors, the tutor of such software has complete knowledge of the 
domain and will provide appropriate feedback (right or wrong) for 
each answer. 
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The choice of questions, explicit or not, provides some information 
as to what the pupil considers to be important or difficult. It is, in a 
sense, the domain of knowledge. In preparing for a written exam, 
pupils generally differ in their degree of awareness of what is important 
to prepare. Fournier and Laveault (1992) have shown that good 
students are generally better at guessing the content of an exam. 
Sharing a bank of rehearsal questions may help pupils to become aware 
of a subject matter content (metacognitive knowledge) and prepare 
accordingly. 

Partially Open Systems with Incomplete Feedback 

A good illustration of such a system is found in ANIMAGE, a role-
playing game used to learn about classification. As a store manager, 
the pupil has to build a classification system for the store's inventory. 
This classification is then input into a computer program that generates 
a "storekeeper game" to be shared with other pupils on the network. 
When playing the storekeeper role, the pupil has to use the manager's 
system to find back store items requested by the computer which then 
plays the customer's role. 

Playing the storekeeper game amounts to testing the classification 
model of a peer. The tutor's knowledge of the domain is just as good 
as the classification model designed by the peer. Sharing the model 
with others, using the game's common interface, provides important 
feedback on the validity of the model. Depending on how exhaustive 
the model is, some problems may be encountered in recovering some 
of the items from the store. A similar problem will occur when some 
classes are not mutually exclusive. In such a classification, the same 
item could be found in more than one location (or class). 

In ANIMAGE, the feedback is not necessarily complete and the 
tutor does not have complete knowledge of the domain. The 
classification system input in the software may be wrong and there is 
no check for accuracy by the program. Moreover, the software will 
simply carry any inaccuracies in the game that will be tested. The 
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simulation, by the designer or some other participant, will serve as a 
way to reveal the shortcomings of the model by bringing in some other 
viewpoints. Such learning outcomes fit well in a GDT paradigm, 
where multiple viewpoints, incomplete answers and increased 
metacognitive awareness are involved. 

Open Systems and Complex Feedback 

MOPPI is a simulation game developed to test a variety of problem 
solving strategies through simple programming. MOPPI is the name of 
a mobile, such as the LOGO turtle (Papert 1980), which operates 
within an environment defined by the pupil. The pupil can test how 
efficient his problem solving strategies are by having MOPPI perform a 
series of tasks. Such a form of field-testing provides the pupil with 
immediate feedback on his proposed solution. 

MOPPI is a highly open system which allows for a great flexibility 
of learning situations. This flexibility is encountered at four levels: 

(i) The pupil can define the characteristics of the mobile as well as 
those of the environment. MOPPI acts as a little robot endowed 
with a diversified repertoire of capacities, either logical (if, then) or 
physical (take, carry, destroy, etc.). The pupil may define the 
environment to a certain extent: each object is characterised by its 
location and nature as being either "real" or "symbolic". For 
instance, one can pick up a real object such as an apple, but not a 
depicted object such as a stop symbol. The overall environment 
could be a trail in a forest, a car's racetrack or the alley of a grocery 
store. The number of possible environments is limited only by the 
pupils' imagination since they define the parameters. 

(ii) When an environment is defined, many problem-solving situations 
may be created. MOPPI can cut trees and seed new ones (physical 
capacities: remove and put), move forward the distance necessary 
to catch good foods (logical capacities: measurement and decision), 
find the exit of a labyrinth, etc. MOPPI may be moved according 
to three different modes of operations : manual, program or recall 
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modes. In manual mode, MOPPI is driven directly from the 
keyboard commands. In program mode, a series of actions and 
conditions may be stored in routines or short programs that will 
define the moves and actions of MOPPI. The recall mode serves as 
an intermediate mode from manual to programming mode. Its main 
function is to recall a sequence of manual commands into MOPPI's 
pictographic programming language. The pupil can then visualise 
the series of command generated by his own actions, start from 
there and build new set of instructions. For example, the pictogram 
of a crocodile wide open mouth serves to represent the action of 
eating, the drawing of a claw represents the action of taking, a ruler 
represents taking a measure, a nose the sense of smell, an eye, the 
ability to see, etc. 

(iii) Each pupil may choose the problem-solving mode he wishes. 
Once the environment and capacities of MOPPI have been defined, 
the activity may be shared on the network and any of the three 
modes of operation may be called upon to solve a problem. Each 
pupil may judge the quality of his own solutions from several 
criterion: (1) the time MOPPI requires to achieve a certain task; (2) 
the quality of the work done by MOPPI; (3) the number of 
programming steps required to perform the activity. Feedback is 
highly complex. The only tutoring done by the computer comes 
from checking the syntax of commands, since the system has a 
complete knowledge of MOPPI's programming language. Other 
sources of feedback are derived from the field-testing of each 
activity on the screen and through comments from peers. 

(iv) Because the game model is almost entirely defined by the pupil, 
there is no such thing as a "correct" or "incorrect" answer. 
Feedback comes from one's own involvement as well as from peers. 
Such feedback leads to judgements in terms of "workable" or "non 
workable" solutions, "satisfactory" or "non satisfactory" strategies. 
MOPPI thus acts as some kind of amplifier of the student's own 
thinking: in some situations, the learner will be able to perceive 
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what is wrong, in some other, he will not. There is always the 
possibility for the learner to scale down his project if it is too 
complex or seek new challenge by making it tougher or more 
complex. Through the selection from MOPPI's repertoire of 
available commands, each learner can actually define a different 
ΜΌΡΡΙ endowed with more or less sophisticated logical and 
physical powers. Thus, the same problem within the same 
environment, may have different solutions depending on MOPPI's 
powers or resources. 

Moving from the Game Player to the Game Builder Perspective 

Many game designers are already convinced that some kind of learning 
occurs not only as the result of playing a game but also as a side 
benefit of building a game. After playing a game many times, players 
often come out with suggestions on new ways to try out the game. 
Testing multiple versions of a game makes it possible to observe a 
situation from multiple perspectives, either in different roles or in 
various conditions. In a constructivist perspective of learning, 
knowledge is built through successive approximations and adaptations. 
The knowledge of the learner is not only a subset of the knowledge of 
an expert, but a personal and totally new reconstruction of reality. The 
conceptual stability of such learning depends to a large extent on the 
number of links or inter-conceptual connections made by the learner. 
Multiple trials of a game provide the players with such learning 
opportunities. 

In the process of becoming a game builder, the player will be 
bringing in some important experiences as well as many intuitive ideas 
about what a game should be. This presents similar problem to those 
of good students being asked to instantly become good teachers. The 
experience as a player or a student is not sufficient. The first step in 
this transition from player to game builder is to provide the learner 
with some kind of "frame game" as a starting point. Our experience 
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has shown that 10 years-old and up can build games for their peers 
when provided with this kind of support. 

Allowing the learner to input new information or, at some point, 
change the conditions of an educational game may transform the way 
we traditionally look at game designing. A second step in this 
transition is then to look back and evaluate the situation as well as the 
objects. That is why we propose to combine existing CAI architectural 
concepts with HCl principles to create a specification grid that would 
in turn allow for easy evaluation of computer games and simulations 
for specific applications. 

The computer systems presently used in teaching-learning activities 
seem to originate from a wide variety of architectural designs. As far 
as the HCl is concerned, the designs differ widely and, three or four 
basic elements or components are always present, whether implicitly or 
explicitly. What are the basic elements or components of the game or 
simulation software? The grid in Table 1 is intended to offer some help 
in assessing which components of the CAI architecture are present and 
then to evaluate what architecture best describes the game. This grid is 
offered merely as a guide. In some cases, the actual architectural 
elements may not be present in the software but could be represented 
by other entities such as other players on a network game or support 
experts or instructors. So, in filling out this grid, one must decide if 
the element is embedded in the software, or if the function is served by 
another player on the network, another participant in the same room or 
a prompt or support taking another form such as. cards, chart or 
booklet. 

This evaluation grid makes an important distinction between what 
is provided by the computer software and by some other participants. 
Computer networks make it possible to include some peer feedback in 
a tutoring system, especially along those dimensions where a complex 
feedback is required and could hardly be provided even with a highly 
sophisticated software. The first set of questions will help to establish 
|he game model in the sense that an affirmative answer will indicate the 
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Table 1 
The Evaluation Grid 

by the by by 

computer other other 

game partici- instruc-

ants ions 

Are specific questions or problems presented? • • • 
Are the specific conditions, laws or rules 

presented at or before the start of the game? • • • 
Can the problems or questions be changed? • • • 
Can the specific conditions, laws or rules be 

changed? • • • 
Are the individual moves checked or verified as 

being valid or invalid? • • • 
Are the solutions checked or verified as being 

correct or incorrect? • • • 
Is additional information about the question, 

problem or elements made available on • • • 
request? 

Is other information about conditions, laws or 

rules of the game made available on request? • • • 
The first set of questions will help establish the game model. An affirmative answer 

will indicate the possible presence of a tutor. The next two questions will evaluate 

the flexibility, and whether the game is internally parameterised or externally 

parameterised. The remaining items are designed to determine the precise role of 

the tutor in game management or domain knowledge. 
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possible presence of a tutor. The following two questions will evaluate 
the flexibility as well as whether the game is internally parameterised or 
externally parameterised. The remaining items are designed to 
determine the precise role of the tutor in being instrumental in learning 
the game (game management) or learning from the game (domain 
knowledge). 

Conclusion 

The previous examples of software do not include an example of a 
simulation game nor are completely coherent with the GDT concept as 
described by Moyse and Elsom-Cook (1992). The modelling of 
student, for example, is almost completely absent. None of these 
software actually makes use of a student model to adapt teaching 
strategies to a student's learning processes. Such a student model may 
not even be necessary, considering the larger control given to students. 
Furthermore, student models may not be helpful at all. Though it 
makes sense that learning will be accelerated if a tutoring system takes 
into account an appropriate model of the student, we also know that 
social interaction among peers — of different models — also leads to 
intellectual development and new learning such as evidenced by 
Piaget's theory (Piaget 1971; Cowan 1978). 

Using human interactions and taking advantage of its conflictual 
and approximate nature has long been at the centre of many 
educational simulations and games. Our observations would seem to 
indicate that computer network technology can be used to formalise 
these interactions and use them in a way that is conducive to learning. 
We have shown some instances where such a technology allows pupils 
to build a game for their peers and share it with them. Learning 
occurred not only as a result of playing and designing a game, but also 
from testing it with peers. 

Allowing the model of the game to be modified by players is one 
appropriate way to adapt the domain representation of knowledge. 
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What would playing Monopoly be without Park Avenue? Experience 
with multiple models of a single game tends to be coherent with a GDT 
approach as players creating variations of the same game can be a 
powerful discovery tool. 

In most simulation and games, the game model is the domain 
representation of knowledge. Within the constraints of the game 
model, the number of learning experiences is limited. The game model 
not only shapes the outcome of the game, but also the kinds of possible 
learning experiences. How many times, as players, have we wished to 
have the power to change the rules? Adding flexibility to game rules 
and constraints can be made easier with a computer game. Through a 
computer network, multiple versions of a game may be shared by 
players. Such added flexibility brings other advantages: transfer of 
learning is facilitated, since all versions of the same game will use the 
same user interface. External validity will probably increase as a result 
of testing more game models. 

The GDT paradigm becomes recognisable in the game structure 
when a player has the possibility to control the game environment. 
Exposing learners to multiple models through game building appears to 
be a potential mean of enabling students to express their own 
comprehension of the world. Starting from someone else's model helps 
make it easier. Game models then become a kind of symbolic system 
that empowers the learner to construct an appropriate representation in 
a realistic and simplified way. In such a learning system, "We are still 
imposing constraints upon the individual, but are embedding them in 
the environment instead of making them explicit." (Elsom-Cook 
1990). 

The designing and sharing of multiple versions of a game adds 
some extra appeal to the learning possibilities afforded by simulation 
and games. This is congruent with what Moyse and Elsom-Cook 
(1990) described as GDT's future goals: 

In term of domains, we must move from completely defined 
rigorous domains and examine the way in which teaching can occur 
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based on incomplete and uncertain knowledge. We should also 
attempt to explore the variety of ways in which domains can be 
represented, and the reasons why we could wish to maintain multiple 
models. Additionally, we should explore ways of enabling students to 
express their own models of a domain, even if these models are at odds 
with those of the tutor. (Moyse and Elsom-Cook 1990, ρ 12) 

In the near future, the GDT trend will provide increasing challenges 
to simulation and game designers as well as to educators. Central to 
these challenges will be the ability to master the meta-language of 
simulation and game techniques, specifically on the ways to convey a 
domain of knowledge with a variable set of game parameters. These 
parameters may, in turn, be used by game players to experience and 
test a variety of new learning situations. 
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