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Abstract. The accretion of orientation and mobility skills in blind people is 
fundamental for the development of an independent life. To these ends,  
activities oriented towards reinforcing this line of knowledge require direct in-
teractions with spaces in real places, and the assistance of an educator or a 
companion as well. The objective of this study was to design, implement and 
evaluate 3D virtual environments in order to evaluate orientation and mobility 
learning in an unfamiliar environment based on the use of such environments. 
The procedure was provided by a learning stage in which the user learned to 
move about in the virtual environments, followed by an interaction stage in 
which he/she traveled virtually through the environments, to then travel the  
virtual environments that had been navigated virtually in the real world. To 
simulate the virtual surroundings, Unreal Engine was used, which is a gaming 
engine that allows for the construction of scenarios through a graphic editor. 
The results obtained show that the users were able to run the established route 
without any difficulties, for which reason it can be established that it is possible 
to produce mental models of real places through virtual interactions guided only 
by auditory cues.  

1   Introduction 

Currently there are a wide variety of software applications that seek to achieve differ-
ent objectives for their end users by simulating real-world surroundings through a 
virtual environment. The objectives of such applications run from the design of build-
ings prior to their construction, to animation with communicational ends such as pho-
tographs and film shorts (also used to make commercials and movies), all the way to 
merely recreational ends.  

The simulation of real environments has been especially useful in industries where 
practice in the real-world environment could mean immeasurable monetary invest-
ments or a potential risk for the loss of human life [9]. It is in this way that applica-
tions of this kind are used for learning [10], such as the training of commercial  
airplane pilots, control tower operators in airports, or even for military training.    

In this line of use, the applications that focus on recreational ends have evolved 
greatly over the last decade, on par with progress in technology, and are reaching a 
great degree of similarity with reality [9].  
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In addition, applications have been built that assist with the process of building these 
virtual environments, and which according to the specifications of the requirements 
and/or intentions of the user, allow them to be constructed flexibly by manipulating and 
controlling a large number of variables in a simplified way.  

One matter that could seem to be absolutely tangential to virtual environments is 
that having to do with disabled people, and particularly children and young people 
with visual disabilities. Such people are currently excluded to a certain degree from 
the use of applications based on virtual environments; however there are several pro-
jects that have been developed that consider them as a whole within the content their 
study [2], [3], [6], [8]. 

The objective of this study was to design, implement and evaluate 3D virtual envi-
ronments, in order to evaluate orientation and mobility learning in an unfamiliar  
environment based on the use of such virtual environments.  

2   Related Work 

The majority of computer games that have been developed are concerned with achiev-
ing a sense of realism for the player through graphic resources. This often translates 
into a notable image quality achieved by the quality of the details that technology is 
able to generate.  

To incorporate virtual reality technology for use by blind users, a new kind of in-
terface must be proposed that is completely different from the kind of visual interface 
we are used to.  

In the case of blind users, particularly children, the software must be built with 
mainly audio-based interfaces, tactile interactions or, in the case of users with low 
vision, simple graphic representations with a high level of color contrast [13]. From 
the work developed by Eriksson and Gärdenfors [6], it is possible to deduce that there 
are design patterns in the interfaces for blind users based on which it is possible to 
develop software that allows for them to move about fluidly. 

In analyzing the work of Loge et al. [7] we can establish that it is possible to pro-
duce software that allows blind users to develop orientation and mobility skills through 
the identification of sounds and the location and following of different auditory 
sources.  

In the multimedia software called “Theo and Seth’s Farm [8], spatial sound is used, 
stimulating mathematics learning in blind children. Through the use of metaphors in 
the different software environments, children are able to interact with different 
mathematical operations and content, producing a constructive degree of learning. 

In both applications the usability and cognitive impact on the users were evaluated, 
observing relevant changes in terms of mathematical knowledge.  

In this same line of work and on line with advances in technology, various pro-
grams with different motivations have been developed that simulate a reality, with 
which one or several users interact and receive responses very similar to what one 
could receive in reality [14].   

Rizzo [1] presents a summary of a series of studies that were carried out, based on 
the perspective of how the growing popularity of digital video games and the immense 
progress in terms of graphic and audio realism has been able to create virtual realities 
that are quite interactive and addictive. In particular, a study is presented that deals 
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with the treatment of mental health patients and rehabilitation, in which it was noted 
that young-adult patients with traumatic brain damage who had a hard time performing 
cognitive rehabilitation tasks could easily spend several hours in a row playing the PC 
game “SimCity”. These observations suggest that the design of virtual reality applica-
tions oriented towards clinical treatment could be favored by examining the formulas 
that the designers of successful, interactive, digital video games used, paying close 
attention to the flow and variation of the stimuli produced during the game, which is 
also connected to a progressive objective and a reward-based structure [1]. 

Based on these studies, applications have been developed that involve one or more 
attributes of those previously mentioned for: Exposure therapy, focused on war veter-
ans with post-traumatic stress disorder (PTSD), distraction from pain for children that 
receive some kind of painful treatment and/or chemotherapy, motor-skills rehabilita-
tion for people with some kind of dysfunction in their central nervous system (apo-
plexy and brain damage), and the evaluation and cognitive/functional entertainment of 
children with attention deficit disorders, Down syndrome and/or social anxiety [11]. 

There are currently some applications that use sound-based virtual reality as the 
basis for interaction with a blind user [12]. For example, AudioChile [2] was a project 
with the main objective of designing, implementing and evaluating a Role Playing 
Game (RPG)-type multimedia application. This was a 3D spatial sound virtual envi-
ronment application for blind users. Through this application, problem solving by 
means of planning strategies, such as random searching, trial and error and systematic 
searching, were analyzed. Based on the conclusions of this project, it was possible to 
point out that the systematic use of the software, supported by the methodological 
orientation of cognitive tasks, allows blind users to apply skills that help with problem 
solving. In addition, the impact of the AudioChile software on the students with visual 
disabilities indicated that several of them could anticipate problems, plan and apply 
different problem-solving strategies, as well as explain the strategy they used to solve 
the problems proposed by the software, and apply it in other contexts.  

3   Evaluation 

3.1   Sample 

Nine users from the Hellen Keller School for the Blind in Santiago, Chile whose ages 
fluctuated between 12 and 18 years old participated in the study. Five of them have 
been diagnosed with total blindness, and four with low vision. Among the five totally 
blind users, two were female and the rest (including the low vision users) were male.  

In addition, it was required that the users had developed abilities for moving about 
independently prior to their participation, and that they had no knowledge of the 
structure of the Universidad de Chile metro station, which was the scenario modeled 
for this study.  

3.2   UnrealEd Software  

The software used for the implementation of this study corresponds to the graphic 
editor UnrealEd (see Fig. 1), which belongs to the Unreal Engine 2 [4], [5], an engine 
for PC games and video game consoles created by the company Epic Games. This 
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Fig. 1. Screenshot of the UnrealEd software 

engine emerged from its implementation in a game called Unreal (created in the year 
1998), and which then became the base of many games, particularly those pertaining 
to the ROL genre with a third person perspective. 

Based on the use of UnrealEd, multiple scenarios with varying degrees of com-
plexity can be designed, which also involve different interactive elements that can be 
included. Such elements include: reproduction of sounds when the user is in a certain 
area of the scenario, review of conditions, activation of the movements of objects 
such as doors or others with which the user can interact. 

3.3   Methodology 

The methodology used consisted of a preparatory stage and three stages for learning 
the virtual environment. In all the stages the user interacted with the system. 

In the Preparatory stage (see Fig. 2A), an initial approach to the users’ interaction 
with the software was established, which allows the user to confirm and evaluate 
assumptions and over which the following stages were developed. To these ends, two 
low-level complexity scenarios were designed in which there were 3 rooms connected 
by hallways. The user started out in one of the three rooms, and had to find the hall-
ways that guided him/her to the other rooms through the use of auditory cues. Sounds 
were placed at the point of entry for the connections between the rooms and the hall-
ways, so that the user was able to identify the connections (as possible alternatives in 
choosing his/her path). In addition, sounds that indicate the direction in which the 
hallway leads were included, making use of the engine’s special sound capacity, in a 
way that would orient the user both in terms of depth and direction.  

The Simple Interaction stage (see Fig. 2B) was held during approximately one 
week and a half, in three separate sessions. In this stage an interaction with a more 
complex environment than the previous stage was established. For this the upper level 
of the Universidad de Chile metro station was chosen, which makes up a part of the 
Metro system in Santiago de Chile. This station was chosen because of its centrality, 
given the flux of people that travel through it daily and the commercial and civic 
sector that surrounds it, such as bank branches, commercial stores of all kinds, corpo-
rate buildings and educational institutions. The scenario corresponded to a simplified 
version of the upper level of the metro station, basically reduced to hallways, stairs 
and ticket booths.  
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                                     (a)                            (b)                           (c) 

   
                                                                   (d) 

Fig. 2. Stages of the Intervention. (a). Preparatory stage, (b). Simple Interaction stage, (c). 
Interaction by Levels stage, (d). Application stage. 

The Interaction by Levels stage (see Fig. 2C) corresponded to the user’s interac-
tion with an even more complex environment, using the upper and intermediate levels 
of the Universidad de Chile metro station. This stage was carried out through 6  
separate sessions held during a period of 3 weeks.   

Finally, the Application stage (see Fig. 2D) corresponded to the practical applica-
tion of the mental model formed from the previous interactions with the virtual envi-
ronments. This stage was held in one session during one single week. For this session, 
each of the users was asked to run a route through the Universidad de Chile metro 
station as independently as possible. 

Finally, the auditory feedback for these scenarios was centered on the user’s posi-
tion through the use of cardinal points and the identification of each hallway as a way 
of facilitating the user in locating his/herself.  

3.4   Instruments 

The evaluation instruments used were developed especially for this research project, 
and consisted of user performance guidelines for each task performed during the four 
stages, establishing 5 levels of achievement: 1. Is not able to perform the task, 2. Is 
able to perform the task, but with difficulty and is not able to describe the path taken 
or the diagram of the scenario, 3. Is able to perform the task but is not able to describe 
the diagram of the scenario entirely, 4. Performs the task adequately and is able to 
verbally and accurately explain the route taken, and 5. Performs the task adequately 
and is able to verbally explain the route taken and the position of the music boxes 
within the scenario.  
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Fig. 3. Diagrams of the scenarios used in the preparatory stage 

3.5   Procedure 

In the preparatory stage, the evaluation was developed on the basis of two scenarios. 
These scenarios were designed in a way to evaluate the fluidity of the users’ move-
ments through them, as guided only by the audio stimuli. In these scenarios the users 
could recognize hallway intersections (in order to evaluate if the users cover all the 
alternative routes correctly during the interaction) and movement cycles, which is to 
say that a series of movements between the hallways and the rooms could bring the 
user back to the same point of origin (see Fig. 3). 

The preparatory stage was divided into 3 steps: in the first step the user had to in-
teract with the scenario freely, discovering the different sounds that guided his/her 
movements, with the help of an assistant. Then, the user had to search for 2 music 
boxes located in different places within the scenario. Finally, once the music boxes 
had been found, the user had to represent the movement he/she had made in the sce-
nario, as well as the positions of the music boxes. This was done through the use of a 
model of the scenario made of solid material, in order to verify the degree to which 
the user had understood the entire scenario. 

The simple interaction stage was designed to evaluate the interaction with a more 
complex scenario. To these ends, the first underground floor of the Universidad de 
Chile metro station was used (see Fig. 4). 

The methodology used in this stage was based on 3 steps. In the first step, the user 
interacted freely with the virtual environment with the help of the assistant, who in-
troduced the meaning of the sounds used as auditory cues in the scenario. The user 

 

 

Fig. 4. Diagram of the scenario used in the simple interaction stage 
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Fig. 5. Diagram of the scenario used in the Interaction by Levels stage 

had to travel through the scenario and locate the different sectors and exits within it. 
These sectors were identified through textual phrases that are reproduced when enter-
ing into them, or passing near to them. In the second step, the user had to take various 
routes (between 4 and 6) from a certain departure point to a specific destination with-
out the aide of the assistant. Finally, in the last step the user had to represent his/her 
movements mentally, provided the point of departure, and using the classification of 
the sectors established in the virtual scenario. 

Through this we sought to verify if, through the use of the software, the user had been 
able to represent the scenario and the route traveled by using the corresponding terminol-
ogy (name of the hallways and the cardinal points) utilized in the construction of the 
scenario. 

In the interaction by levels stage, the first underground level of the Universidad de 
Chile metro station scenario was extended to include another floor, corresponding to a 
simplified version of the second underground level of the station (see Fig. 5). The 
user could travel through this new, more complete scenario, identifying its principal 
structure, the position of the ticket booths and the turnstiles through which he/she 
would access the metro platform during the real interaction. 

The auditory feedback followed the same line as it had on the upper floor, guiding 
the user’s position through auditory cues that make reference to cardinal points and 
identifying the important sectors of the level. The methodology established for this 
stage was identical to the previous stage. 

Finally, in the application stage, the methodology consisted of 2 parts. In the first 
part the user traveled a route by making use of the software, in which all the important 
elements of immersion in the scenario were involved, such as exits, ticket booth hall-
ways and entry points into the metro. Once completed, the user was taken to the Uni-
versidad de Chile metro station, where he/she traveled the same route through the use 
of his/her cane and the representation established through the use of the software. 

4   Results 

In the testing of the first scenario, it was found that the association of sounds used was 
not clear for the users, as only 25% of the tests applied had favorable results. By 
changing and restructuring the auditory cues, we were able to improve these results to 
80% achievement for sound association.  
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In the second scenario the users were able to travel fluidly through the scenario and 
quickly found the location of the music boxes. The auditory cues were widely ac-
cepted by the users. Some 80% of the tests applied resulted in a highly positive 
evaluation.  

In the simple interaction stage, the auditory cue feedback was improved even more 
by using the cardinal points as references both in the denomination of hallways and 
relevant places within the scenario. In this way, a more complex scenario ended up 
being easily assimilated by the end users. The users’ movements through the scenario 
were quite fluid, and their mental representations were quite similar to reality. The 
results obtained included 57% of the tests with perfect scores, and the remaining 43% 
were able to pass the tests adequately.  

In the interaction by levels stage, the users were able to move about without any 
problems between both levels in the scenario, emulating the ascent or descent be-
tween the two through the use of the stairs that connect them. In this stage, a common 
route was established for all the users, in which the starting point corresponded to one 
of the exits of the metro station (located on the upper level of the scenario). They then 
had to get to the ticket booths (on the lower level), and afterwards to the point of entry 
to the platform (also on the lower level), to then finally return to the starting point by 
means of a different route.  

It was observed that the users moved about with a great degree of fluidity by using 
the software. Then, in testing the mental representation the users had made, it was ob-
served that they were able to correctly and accurately describe the route and the scenario 
by using the terminology defined in the scenario, supported by the cardinal points.  

This route was also tested in the final application stage, in which the users had to 
make the same movements developed virtually in the interaction by levels stage, but 
this time in the real world. The results were absolutely satisfactory, as 100% of the 
users tested were able to successfully travel the route independently. 

5   Conclusions 

The objective of this study was to design, implement and evaluate 3D virtual envi-
ronments in order to evaluate orientation and mobility learning in an unfamiliar envi-
ronment, based on the use of these virtual environments. The model that was created 
in this study corresponds to a continuous model, which implies that it is very difficult 
for the user to repeat his/her exact position when moving about the surroundings. This 
characteristic augments the complexity of navigating the surroundings, as the interac-
tion becomes closer to a model that is increasingly true to the reality of the users’ 
real-life routes. 

The Unreal Engine was used to model the development of the scenarios and for the 
construction of the elements that provide auditory cues during travel through the sce-
nario. To these ends, the most important components of this tool that could allow for 
the construction of complex scenarios with tasks that are relatively simple were ana-
lyzed. This tool includes two characteristics that were not evaluated in this study, but 
which are worth mentioning: 1. Development of an application in which several users 
can interact simultaneously within the same scenario (as the Unreal Engine can  
manipulate connections through networking) and 2. Construction of more visually 
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attractive scenarios, in which there are tasks that can be developed together by both 
sighted and blind users simultaneously.  

The scenarios for the testing stage were developed on the basis of a simplification 
of the Universidad de Chile metro station. For this reason, the evaluation was oriented 
not only towards the construction of a mental model of a scenario that was not useful 
for the users, but that also sought to demonstrate that the users were able to construct 
a mental model that allowed them to move about more fluidly through an unfamiliar 
environment by using the software.  

The users that participated in the study were able to establish the virtual route that 
they followed in their mental model. The surroundings built with the UnrealEd tool, 
together with the spatial audio cues, were enough to virtually emulate the chosen 
environment in a way that provided the users with the information necessary for them 
to be able to manage and orient themselves, as well as move about with fluidity. 

Thanks to the use of virtual environments that guide movements through spatial 
audio cues, it is possible for users to get to know certain spaces beforehand, prepare 
their movements through them and, as such, confront the real navigation for these 
environments more safely. This training can be developed on a massive scale, without 
necessitating a one-to-one specialist-to-student ratio. Results are achieved in less time 
and with progress made at each user’s pace, being able to repeat the virtual navigation 
however many times is necessary.  

One characteristic that can be deduced from the results obtained in the preparatory 
stage is that the software demands a certain degree of initial learning. This is to say that 
it is necessary to develop initial activities in which the users get to know the program 
and develop skills that will allow them to move about more fluidly within the scenario.  

From this study it was proven that it is possible to apply the use of tools that assist 
with the construction of virtual environments (such as UnrealEd) in order to simulate 
real and relevant environments that can be traveled and assimilated by blind users. 

Currently, the orientation and mobility learning process for blind children is done 
on site, in the company and under the supervision of a responsible educator. This 
implies a big effort and a lot of time spent on a small number of learners. 

Finally, the use of these virtual reality spaces could allow for blind users to review 
their steps for routes before leaving the starting point and heading for their destina-
tion. This would allow for a higher degree of independence and safety while traveling 
the route. As such, through the use of these virtual reality spaces, users will be able to 
get to know many more places by remote, without running the risk of trying new 
routes. Furthermore, such exploration can be repeated as many times as the user 
wants, and at any time.   
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