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ABSTRACT 

Virtual reality has always been an attractive way to create complex simulation that can 
be used in learning environment to produce realistic exercises. In disciplines like Emergency 
Medicine, the ability to simulate situations in which multiple decision variables are involved, 
can be important to solve some of the student’s common problems before actually practicing on 
patients or environment. However the cost of virtual reality environments is usually too high to 
be afforded in most of the training facilities, because of the cost of the necessary hardware and 
software. In this work we propose a framework to create low-cost VR simulations with the aim 
of easily producing training exercises that can be used in various context. The main context that 
has motivated this study is the European Master in Disaster Medicine, but the proposed 
framework could be employed as well in many other similar cases. The main objective of our 
project are: produce exercises where a group of students can interact through the internet; use 
standard and low cost VR technology, adopting an approach that is as independent as possible 
from the underlying VR tool; create an interface that can be used even by non technical 
personnel to develop new exercises. 
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1. Introduction 

Collaborative Virtual Environments (CVEs) are a novel area of computing technology 
where human-computer and human-human interactions occur in a 3D virtual scenario (1, 2, 3). 
CVEs allow users to be virtually embodied into “Avatars”, provided with communication 
channels such as live audio, textual chat, “gestures” capability, sharing a common environment. 
As a matter of fact, the key element in CVEs is Social Interaction (SI): especially in those 
scenarios where users are expected to cooperate in order to solve a particular problem, the goal 
is achieved only if the degree of SI is high. In some fields of Medicine such as Emergency 
Medicine or Disaster Medicine, CVEs are particularly needed in the training of those 
individuals (MDs, MSs, etc) that will be involved in the management of emergencies or disaster 
situations. The same technology can be used to simulate and critically review the action taken 
during a real session, in order to estimate the weight of each single variable in the scenario. 
Human vs Environment, Human vs Human, Team vs Team competition and cooperation are 
emergent issues of medical CVEs, where cooperation represents the effort made by singles and 
teams if they want to “win”. “Competition” is frequently a matter of human vs environment 
interaction, and vice versa. In this paper we present a concurrent game (meaning that all the 
players participate simultaneously) devoted to Emergency Medicine. The game is synchronous 
as well, where “synchronicity” means that players moves may/may not be efficacious depending 
on the interaction and intersection of the actions taken by other players, insisting in the same 



real time scenario (diagnostic/therapeutic algorithms). As previously stated, the topic of the 
game is the treatment of medical emergencies, with several short and medium term goals related 
to specific pathologies the users are required to diagnose and cure. In this framework, 
teachers/instructors should be able to build a virtual library of pathologies that will be faced by 
the students.  

Whereas single-user simulation are suitable for some kinds of surgical training (4, 5), 
CVEs perfectly fit into the field of Emergency and Disaster Medicine, since the “magic” key to 
solve critical situations and save lives dramatically depends on the level of effective interaction 
among actors, being them paramedics, nurses, medical doctors, firemen, policemen an so on. 

In this paper we propose a CVE framework realized combining low-cost VR tools and 
web application technologies (6, 7). Although the framework has been designed for Emergency 
Medicine/Disaster Medicine teaching in mind, it could be customized to fit the needs of other 
fields. 

The paper is organized as follows: in Section 2 the general game structure supported by 
our framework is outlined, and its application to the Emergency Medicine field is shown 
through an example. Section 3 describes our proposal for a general architecture of a system 
supporting the didactic game. Section 4 describes the technologies used to implement a 
prototype of the above mentioned architecture, discussing also possible alternatives. In Section 
5 a practical solution to integrate the VR simulator within a Learning Management System is 
described. Finally Section 6 concludes the paper discussing also some possible lines of future 
development. 

2. Game Structure 

This section summarizes the general game structure, and the type of interface that is 
presented to the students (players in the game) and to the teachers (creators of new 
environments and situations for the game). The goal of the tool is to allow a group of students to 
engage into a collaborative  activity with the aim of facing an emergency situation. Each 
specific situation is thus an exercise which may comprise several patients to be treated by the 
participants. The players must be able to cooperate in order to save the largest possible number 
of patients, and each of them participates to the game with a particular role (doctor, nurse, 
fireman); the role determines the type of actions allowed to that participant. Each patient in a 
specific exercise is characterized by a state, which changes as a function of the elapsed time 
from the start of the game: the state of a given patient may evolve either as a consequence of an 
action taken by a player, or simply as a consequence of not being assisted for a given time. The 
players start the game with a limited supply of tools that they can use to treat the patients. 

In every game session a master player has to be defined. This player can control the 
game events: he/she can start, pause and stop the simulation if necessary. 

In a real didactic simulation setting, Master role can be easily assigned to a Teacher 
acting from inside of the game, in order to easily control the Students’ work, pause the 
simulation and check out for special situations or mistakes. 

2.1 Game Interface 
Two interfaces are needed: one for the preparation of the new exercises, that is used by 

the teachers, and one for the actual game to take place. The former is used to update an exercise 
database; we assume that only one teacher works at the preparation of a given exercise 
(although in general also the exercise preparation activity could be structured as a cooperative 
work itself). The latter is used by a group of (distributed) students to play a game. 

2.1.1 Student side interface 
The student side interface provides an initial login box, used to enter the game: the 

student must authenticate him/herself, and choose a given game id and a given role (in some 
situation it may be the case that the game and role are assigned by the teacher, and the students 
that are supposed to participate in the game are immediately directed towards the right game 
after authentication). Each participant can choose an avatar representing him/her throughout the 
game. At any time the participant can see the list of  participants in the game, describing their 
role and showing the corresponding avatar. 



A student can also check his/her position within the simulated environment byusing a 
graphical contexct map. 

The player acting as a master has some extra game controls (start, pause, resume and 
stop). If a game is stopped (stopped or paused) every players’ actions has no effect until the 
simulation is reactivated. 

Each player is free to move in the exercise environment, to look for a patient until 
he/she finds one: clicking on the patient a new window pops up, describing his/her current 
status, and proposing the possible actions allowed to that player role. The player can then decide 
whether to take any action on that patient, or to move on to another one (and possibly send a 
notice to all or some other participants with the coordinates and status of the patient). A 
coordination mechanism is implemented to prevent two players from performing independent, 
and possibly contradictory  actions on the same patient.  

When a patient status changes, it may have consequences also on the 3D scene 
appearance:, and those changes are shown to all participants in real time. 

2.1.2 Teacher side interface 
On the teacher side, the interface allows to create a new exercise by defining the 

patients, their appearance and initial state, the transitions from one state to a new one because of 
the time elapsed, as well as the possible actions to be presented to each foreseen player role, and 
the state change that they can cause. The set of roles admitted in the exercise, and the number of 
admitted players in each role, can also be defined. Then the 3D environment must be prepared, 
including a background scene, the definition and placement of active objects that can be 
animated through a mouse click, the graphical appearance and placement of each patient (the 
appearance may change depending on the patient state).  The graphical objects needed to create 
the 3D scene are gathered into a repository to be easily reused in different exercises. The other 
function that is available to the teachers is the possibility of visualizing the tracking of the 
actions chosen by the students during one specific game: this can be used to evaluate the 
students’ ability to complete an exercise, and to replay the game and comment the mistakes with 
the students. 

The development of the simulator is still in progress. A new and more parametrical 
formalism for describing patients’ conditions and transitions from one status to another  will be 
implemented.  

2.2 An example 
An example of how a web-based student interface may look like and could be used in 

practice is described hereafter.  
The player connects to a web page, logs in, chooses a game and a role, then he/she 

enters the virtual environment (shown on the left of the window in Fig.2.1). He/she can then 
move into the environment looking for patients: in Fig. 2.2 the player finds out one patient and 
after clicking on it, a frame appears on the right part of the window illustrating his/her current 
state and the possible actions that can be performed (according to the student’s current role).  
The student can thus perform a sequence of actions (choosing from menus appearing in the right 
frame): each action is recorded and the sequence of already performed actions is shown in the 
right frame (Fig. 2.3). Among the possible actions, of course are included the examination of  
the patient symptoms which should lead to a diagnosis and a consequent treatment, which 
hopefully shall lead to an improvement of the patient health. 

 



 
Figure 2.1: Entering virtual environment 

 

 
Figure 2.2: Selecting a patient (her state and the possible actions are shown) 

 

 
Figure 2.3: Log of recorded actions 

 



In the future, even the actions taken in the VR environment (e.g. a mouse click on a part 
of a model) could be interpreted as a particular command and trigger some kind of procedure. 

Furthermore, we are studying the possibility of using voice to communicate instead of  a 
chat system. 

3. System Architecture 

The game architecture is shown in Figure 3.1. It is composed by three main 
components: the student and teacher interfaces, and a game server. The single components may 
be implemented in several different ways and using different software solutions, as long as they 
respect some minimal features (we will come back on implementation issues in Section 4). The 
framework relies on the ability of putting together Virtual Reality and web pages. Only a small 
convergence layer is required to link the framework to a specific VR tool. 
 

 

                                                              Figure 3.1: The application architecture 

 
The main functionalities required by the student and teacher interfaces have already 

been described in Section 2. In this section we shall discuss the server-side architecture 
including a Web-application (which cooperates with both the student and the teacher interface), 
a Data Base and a Collaboration server for the VR Engine. 

3.1 The Database 
The database contains the data used by the game. It stores two different kinds of 

information: static data and dynamic data. Static data contains the definition of the exercises. 
They are used to store all the possible states of the objects (modelled by a finite state automa), 
the actions that can be done, the description of the situations and of the interesting objects. They 
also store the visual definition of the scene, describing the graphical objects that compose the 
scene, their position and orientations, together with the animation they may have, and how they 
may be trigged during the game-play. 

Dynamic data are used to store the elements that change when a game is played. They 
contain the games that are actually going on; the list of the students and they role in each 
ongoing game; the current state of a  patient, which changes when the student chooses an action 
to perform on him/her. Those data are initialized when a new game is created, and lasts until the 



game is over. The tracking of a game is kept in the database also after the game is over. This is 
done to allow both the students and the teacher to  replay the game, comment it and learn from 
the mistakes. 

Another type of tracking is related to the SCORM standard, defined by the ADL 
Consortium (8). According to this standard, a resource can be wrapped in a package and can use 
some specific API calling to specify several kind of tracking, from simple time stamps to real 
marks assigned to the user at the end of the simulation. 

The SCORM compliant packages can be shared easily and can be imported, for 
example, in Learning Management Systems (LMS, see chapter 5 for  more details).  

3.2 Web application 
The Web Application is the server side component to which both the student and the 

teacher interfaces (acting as  clients) refer. In both cases, it provides authentication to the users. 
Only users which are known as teachers may access to the teacher side of the application. 

3.2.1 Student functions server component 
The student part has two main objectives: visualize the game environment and execute 

the student actions.  These objectives are achieved in two consecutive phases: the setup phase 
and the game execution phase. In the setup phase, the world is actually created by querying the 
database and producing the main webpage that defines the student interface. This web page is 
composed by a HTML frameset divided into two frames. The first frame contains the VR 
component of the game (usually implemented by a specific plug-in). The second frame contains 
the game options the student may choose from. In the setup phase, the VR component loads all 
the necessary graphics objects and displays them. 

 
In the execution phase, the game reacts to the actions performed by the students. The 

players can perform two different types of actions: local actions and global actions. Local 
actions do not modify the systems states, but as the name suggests act only locally. They are 
used for example to allow the students gather information on the environment where the game is 
set. Global actions instead change the global state, and require the other players to be notified of 
this global change. Usually the student first chooses a patient to work on (which corresponds to 
a local action that shows all the possible things he may do on the patient). This presents the 
student a list of actions from which he may choose. When he clicks on one action, it is inserted 
into the list of executed actions, and then the patient reaches a new state. This event may also 
involve some changes in the VR environment. The new state will have a new set of possible 
actions, and so on until the patient reaches one of its possible final states (that can be either a 
success state, or a failure state). States may also change in an automatic way, if the students do 
not take any actions within a given  state dependent time-out. 

3.2.2 Teacher functions  server component 
The teacher part of the web application supports the teacher in creating a new exercise. 

It allows him/her to easily insert into the database all the data necessary to build up a 
simulation: this can be accomplished through a set of html forms which guide the teacher in this 
input phase. It also produces automatically the various configuration files (which may include 
scripts) required by the VR component to create and control  a new simulation environment. 
Finally it also supports standard administration features such as adding new students and new 
teachers. Moreover a form must be present allowing to send queries to the database tables 
storing the game tracking,  to revise the logs of actions that have been taken by the students in a 
particular game. This feature is very important since it allows the teacher to understand what 
may have gone wrong in game and correct the students in the most effective way. 

3.3 VR Engine collaboration server 
The VR Engine collaboration server is used to allow the synchronization among the 

virtual worlds seen by all the users involved in a game. It allows the users to interact with each 
other through the chat, and to update the virtual world in response to event deriving from any 



global actions performed by any player. Depending on the technology used for the VR Engine, 
it may be a special purpose server software, or a service provided by some company. 

4. Implementation 

The proposed framework has been implemented using the following technologies: 
Adobe Atmosphere, PHP, Javascript and MySQL.  

4.1 Adobe Atmosphere and Atmosphere Collaboration Server 
Adobe Atmosphere™ is the software of Web 3D authoring that we have used to 

implement the VR component of the student interface. This software is freely downloadable 
from Adobe’s web site (16). It can support multiple avatars, it has an integrated chat and can be 
integrated into web pages. Worlds can also be hosted on proprietary servers. Possible alternative 
could have been Active Worlds,  Macromedia Director W3D or Java 3D. However, thanks to 
the modular structure of the proposed application, in order to implement the game using a 
different VR component, the user must only change the convergence layer that initially builds 
up the world reading the elements form the database, and the procedures that governs the 
interaction between the dynamic web page and the VR engine. 

The choice of Adobe Atmosphere implies the choice of Adobe Atmosphere 
Collaboration Server as the VR Engine collaboration server. The effect of this choice is crucial 
for the application since from this component depends the correct synchronization of the various 
student interfaces participating to the game. In the pre-release of Adobe Atmosphere there was 
only a single server which should have been used by all the VR engines (in the world!) that 
wished to cooperate, and that caused a lot of trouble due to the low availability of the server 
itself. Now a standalone version of the server that can be installed on the user server is available 
(in our architecture, it may or may not be the same machine hosting the Web server, depending 
on the workload), and this should solve many of the synchronization problems found in the 
early stages. 

Atmosphere has been a good choice for starting this project, but our goal is to have 
control on all of its components. With this phylosophy in mind, we are now developing an 
alternative VR using Java™ technology (9). 

4.2 PHP 
The web application has been implemented using PHP (10). The main features in favor 

of this scripting languages are the following: it is available across a wide variety of platforms, it 
is html-embedded, and it is free. The web application could also be implemented using other 
similar languages like ASP, JSP, PERL, PYTHON, etc…  

4.3 Javascript 
Javascript has been used to implement the interaction between the dynamic web page 

and the VR component of the student interface, and to program the events responses in the VR 
engine. It has been a mandatory choice, since Javascript it is the only scripting language allowed 
by the Athmosphere plug-in. Other choices of the VR engine, would have required different 
approaches: for example, using Active Worlds would require to write a small server program (in 
a high level programming language such as C or Visual Basic) that governs the interaction 
between the dynamic web page and the VR component.  

All the Javascript code needed to control the interactions with the 3D VR world is 
automatically generated by a configurator, called AtmoWizard, implemented in the project 
described in this paper. The Javascript code generation for a given user (teacher) defined world, 
is performed by properly instantiating and linking a number of Javascript templates associated 
with the possible interaction modes with the world. Chosing a different VR engine would 
require a non negligible effort to adapt the “Wizard”  to automatically create the code needed to 
this new environment automatically for each newly created exercise. 



4.4 MySQL 
MySQL (11) has been used to implement the database of the whole application. Any 

other Database, such as Oracle or Microsoft Access, could have been used as well. We chose 
MySQL because it was the most natural database to be interfaced with the PHP scripts. 

5. LMS integration 

LMSs are complete frameworks to share educational contents on the web (they are 
specialized CMS, Content Management Systems). 

There is plenty of LMSs on the market (Moodle, Chef,  Claroline, Blackboard, 
OpenUSS, Learning Space, Learntone, etc, see 14). We have chosen Moodle (15) and we have 
been using it for a couple of years with good impact. 

Moodle is a good product for our needs, because is easy to use and can be improved 
writing new “modules” using the PHP scripting language. 

With the aim of beginning to test our simulator, we developed a new module for 
Moodle that can be used as an interface to the simulator’s server. 

This module is really simple but has also a control panel to setup simulator parameters 
(Fig. 5.1):  the server address, the folder where simulator is stored on the server, the database 
host address (they can be run on the same or two different machines) and account information to 
access the database. 

 

 
Figure 5.1: Simulator’s control panel in Moodle 

Using this module, Moodle’s administrator can insert a simulation as a resource, 
specifying which one has to be executed (selecting it from the database) and adding a brief 
description (Fig. 5.2). 

 
Figure 5.2: Adding a simulation as a resource in Moodle 

6. Conclusions and future work  

Realism, in general, is the main determinant of believability in a virtual environment. 
But “realism” is not just an issue of photo-realism; indeed, the feeling to be actually operating in 
a multiuser scenario is provided by a multitude of factors, the main one probably being the fact 
to interact with avatars controlled by real persons with real yet different intentionalities, 
resulting in “realistic” actions and virtually endless behavioural paths. The system we developed 
focuses on providing the actors with an acceptable feeling of cooperation, and acceptable 
feeling of environmental feedback. Our system has to be considered as an alpha version to date 
and still needs some tuning, especially concerning the ability of the Adobe Collaboration Server 
to support the synchronicity requirment of the specific application domain. After this tuning 



phase, it is our intention to test it on a vast number of international users belonging to the 
European Master in Disaster Medicine. 

VR has already been written in Java™ using a powerful 3D engine (0) which can 
efficaciously take advantage of new generation graphic cards 3D acceleration and possibly 
could became a substitute for the Adobe Atmosphere plugin, for our needs. 

The web application is in aplha version phase. The new version will consider a new 
approach which will allow to define pathologies in a more simple way, according to known 
medical guidelines. Even the collaboration server will be updated.  

In the next future, the natural evolution of the simulator will lead student interface to 
appear as a unique client that will contain both VR environment and web application; also the 
teacher’ interface will be developed as a real client application. Both interfaces could be easily 
written in Java™, as applets or stand-alone version (VR is already Java™-based). 
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