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Abstract. Environments used up to now for therapeutic applications are 
invariable ones. Their contents can not be changed neither by the therapist nor 
by the patient. However, this is a technical issue that can be solved with current 
technology. In this paper, we describe a virtual environment that has been 
developed taking into account this factor. The main technical feature of the 
environment is that its aspect can be modified controlled by the therapist that 
conducts the clinical sessions depending on the emotions that the patient is 
feeling at each moment, and depending on the purpose of the clinical session. 
The environment has been applied for the treatment of post traumatic stress 
disorder, pathological bereavement, and adjustment disorder in adult 
population. In the paper we present some data showing its utility for the 
treatment of a phobia in a 9-year-old child.  
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1   Introduction 

The concept of “adaptative displays” has being considered for many years. It is a 
request to obtain technical devices that adapt to the requirements of the user, instead 
of having the users to adapt to the device. The term “adaptative display” has been 
used in some places to refer to displays that change their contents depending only on 
situational content rather than on any awareness of the user [1].  These adaptative 
displays can be used in many different applications: medicine, industry, architecture, 
psychology… 

In the field of clinical psychology, virtual reality has been used in the latest years 
for the treatment of different psychological disorders. The idea was first thought in 
November 1992 in the Human-Computer Interaction Group of the Clark Atlanta 
University. The first experiment was a pilot study with a 32-years-old woman that 
suffered flying phobia. She was treated using a virtual environment [2] in which she 
followed eight thirty-minute sessions. At the beginning of each session, the subject 
had a high level of anxiety, which was decreasing in a gradual way after remaining in 
the situation during several minutes. This effect also was transferred from the virtual 
to the real world.  
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Since that moment, this technique has been used for the treatment of different 
phobias. We can point out the environments designed for acrophobia treatment [3], 
[4], agoraphobia [5] or flying phobia [6], [7]. It has also been analyzed its 
effectiveness for fighting against other psychological problems: obsessive-compulsive 
disorders, attention deficit disorders, post-traumatic stress and eating disorders [8],[9]. 

However, environments used up to now for therapeutic applications are invariable 
ones. The contents cannot be changed, or only minor changes can be made, so no 
modification can be made in the contents of the virtual environment even when high 
emotional responses can be obtained from the user. Nevertheless, from a clinical point 
of view, it could be very useful for the psychologist to have a greater control over the 
aspect of the virtual environment that is shown to the user. In the environment that we 
are presenting in this paper, the psychologist can make changes in the aspect of the 
environment depending on the reactions of the patient to the different parts of the 
therapy session, and depending also on the purpose of the clinical session. This work 
has been conducted inside the EMMA Project (IST-2001-39192). The environment 
has been applied for the treatment of post traumatic stress disorder, pathological 
bereavement, and adjustment disorder in adult populations [10], [11]. In this paper we 
present some data showing its utility for the treatment of a phobia in a 9-year-old 
child. 

2   Technical Description of the System 

The purpose of the virtual environment is to be used in the context of a psychological 
treatment. The user is a person who suffers from psychological problems, such as 
affective disorders, anxiety disorders or adjustment disorders. All the sessions of the 
treatment are conducted by a therapist and, in some of them, the virtual environment 
is used as a help for this treatment. Both the therapist and the patient are physically 
present in the room during the evolution of the session. The patient visualizes the 
virtual environment in a retro-projected screen, and the interaction is made by means 
of a wireless joystick. 

The application has been developed using Brainstorm eStudio software. This is an 
advanced, multiplatform real time 3D graphics development tool. It incorporates 
features such as: the inclusion of 3D objects in a very easy way, they can be imported 
from files, erased or animated; generation of 3D texts, whose colors can be changed; 
adding videos to surfaces; generation of new interfaces and timers; addition of actions 
to objects when they are selected; addition of sounds; loading or saving 
configurations. All these possibilities are controlled using the mouse, pop-up menus 
or drag and drop actions. The interpreted language that is used to program is python. 
Brainstorm eStudio can be defined as an interface that the programmer can use to 
create 3D complex visualizations using only tool options 

2.1   Description of the Environment 

The environment can be modified dynamically by the therapist taking into account the 
state of the patient at each moment during the treatment, so different aspects have  
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Fig. 1. Aspect of the room 

been developed. The environment is not a static one. Initially, the user appears inside 
a big hall with circular shape and no walls. 

The user can visualize the outer part of the environment, which initially is an open 
area of meadows. The user can navigate freely along the entire environment, even 
going out from the big hall and going though the meadows. 

However, the meadows constitute only one of the five possible aspects of the outer 
part of the environment. The other pre-defined aspects are: a desert, an island, a forest 
with many trees and branches, and a snowed city. These five environments can be 
related to different emotions. For example, the forest with braches can be related to 
anxiety. On the other hand, if the purpose of the therapist is to induce relaxation in the 
patient, the island can be used. The desert can be related to rage, and the snowed city 
with sad situations, so it can be used during the session when the patient is 
remembering a situation that induces sadness in him or her. However, the real use that 
is given to each aspect of the environment depends on the context of the session and 
can be selected by the therapist in real time. 

   

Fig. 2. Virtual environments corresponding to anxiety and joy 

In order to control the appearance of the different aspects that have been 
developed, a special interface has been prepared. The application is running on a 
different computer from the one where the virtual environment has been launched. 
The therapist can select in an easy way (pressing different buttons) the aspect of the 
environment that has to be shown at each moment, and the needed command will be 
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sent using TCP/IP to the computer where the environment is running. As soon as this 
computer receives the command, the appearance of the environment will change 
depending on the concrete order that it has received. 

 

Fig. 3. Interface for the therapist 

2.2   Application of Special Effects 

Besides the big-scale control that we have described in the previous point, the 
therapist can also control small-scale changes. Different effects can be applied to the 
environment: a rainbow can appear, it can start raining, snowing, an earthquake can 
be generated, and the illumination can change to the one corresponding to different 
hours of the day and the night. All these effects are also launched from the same 
interface that controls the big-scale changes. The therapist can control by means of a 
slider the moment when the effect is launched and its intensity. 

3   Method 

3.1   Participant 

The participant was a 9-year-old boy who presented a severe fear of darkness. His 
mother informed that he always has had sleeping problems. When he slept with his 
older brother he needed a light on, so his family changed him to sleep alone in another 
bedroom because the light molested his brother. 

At the moment they seek help, the parents had to leave a light on in the corridor so 
the boy could fall asleep. After a while, they switched off this light but they left a 
little table lamp on in the bedroom. The boy belonged to a “boy scouts” group but 
when he went camping he only slept with a torch. When we was asked about his fear 
he informed that he was afraid of the “monsters” he could see in the darkness. The 
parents had tried to solve the problem using several strategies (reinforcements, 
persuasion…), obtaining poor and no lasting results. 
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3.2   Measures 

Fear and Avoidance Scale: Before completing this instrument, four target behaviours 
or situations he avoided in relation to his darkness phobia were established. Then the 
boy rated in a 5 points scale (0-5) the degree of fear, avoidance and belief in the 
catastrophic thought related to each target behaviour. 
 
TARGET BEHAVIOURS 
 

1. Going to sleep with the light off 
2. Going to sleep when camping without having a torch under the pillow 
3. Waking up at midnight without switching on the little table lamp.  
4. Staying alone in a dark room. 

 

Self-record: the boy with the help of his mother filled in a daily basis a register in 
which they wrote down if the boy had been able to sleep without Light or if he had 
needed any kind of external support (light in the corridor, rear light…). The record 
was made using drawings (the boy drew a sun if he had slept without light and a sun 
with clouds in the case he had used any kind of external support). 

3.3   Treatment 

The treatment program is an adaptation of the emotive imaging procedure designed 
by [12] but applied using a VR program “EMMA’s world”. The application procedure 
of the emotive imaging procedure is described in several works [13], [14]. In the 
adaptation we have made of this procedure we use as treatment components, like 
Méndez, the exposure to the feared situation using narratives, the modelling of 
courage behaviours on the part of the therapist and the material and social 
reinforcement (by means of a token economy program) of the behaviours approaching 
the phobic situation. The novelty of the application of the emotive imaging procedure 
in this case study is that the in vivo exposure component is applied with the support of 
the virtual environment “EMMA’s world”. 

3.4   Procedure 

After being informed about the treatment program using VR that his child was going 
to receive, the mother signed an informed consent accepting his participation of the in 
the study. 

The treatment program consisted of 11 weekly sessions with a duration of 
approximately 60 minutes. 

Considering the anxiety levels informed by the boy in the different “EMMA’s 
World” environments, the beach environment was chosen and the following VR 
exposure hierarchy was elaborated: 

1. Beach environment at sunset (lantern lamp on) 
2. Beach environment at night (lantern lamp on) 
3. Beach environment at night (lantern lamp off) 
4. Forest environment at night. 

 



 EMMA: An Adaptive Display for Virtual Therapy 263 

 

Fig. 4. Virtual environments used for the treatment 

Once the hierarchy was defined the child was exposed to the first item (beach 
environment at subset with a lantern lamp on) and then he was progressing along the 
hierarchy. Furthermore, some multimedia elements were introduced in the VR 
software with the aim of constructing the emotive imaging. In “EMMA’s room” a 
photo of the child and his favourite hero (Spiderman) were introduced. Besides, an 
audio was also prepared in which Spiderman introduces himself and asks the child for 
help to develop a “mission” in the beach at night, including in the narrative one of the 
anxiety provoking stimulus (thieves). 

After the VR sessions were finished e in vivo exposure sessions were carried out, 
with the aim of testing to which extent the gains obtained with VR helped the child to 
confront the feared situations and to guarantee the generalization to real situations.  

4   Results 

In Table 1 the scores for fear and avoidance before and after treatment are presented. 
All scores for fear and avoidance related to the target behaviours are reduced.  

On the other hand, the levels of anxiety and avoidance recorded by the child during 
the VR exposure sessions show that at the beginning of the session the levels of 
anxiety and avoidance are high diminishing progressively along the exposure session, 
thereby following the traditional exposure rules. This seems to indicate that the used 
environments are clinically significant for the child, that is, able to generate anxiety 
levels similar to those the child experiences in real feared situations. 

Table 1. 

PRE POST 
Behaviour 

Fear Avoidance Fear Avoidance 
1 5 5 0 0 
2 4 5 2 2 
3 4 4 0 0 
4 4 3 0 0 
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5   Discussion  

The treatment program applied in this case study has shown to be effective in 
reducing the fear of darkness in a 9-year-old. After treatment the child is able to cope 
with the feared situation with no anxiety and this is generalised to real situations since 
he is able to sleep with the light off every day. 

There are a few investigations on the use of VR in children. The most important 
applications in this population have been centred on the use of VR as a distraction 
procedure for pain in children undergoing medical treatment [15], [16], or for 
oncology patients [17], [18]. This work reveals that VR can be highly useful in order 
to improve the treatment of phobias in children. It is a less aversive treatment for 
children and can be very attractive, thereby facilitating the maintenance of attention 
during more time and they can also feel more  
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