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Abstract. There is a real need to have systems for people with visual disabili-
ties to be able to improve their orientation and mobility skills, and especially for 
children to be able to improve their autonomy into the future. However, these 
systems must be designed according to available objectives, methodologies and 
resources, as well as by taking the interests and ways of interacting of the end 
users into account. This work presents a model for the development of video-
game-based applications, which includes differing levels of abstraction and  
different stages in the design and development of systems that allow for the  
improvement of orientation and mobility skills for people with visual disability. 
The feasibility of the model was studied by modeling two videogames for chil-
dren with visual disabilities.  

Keywords: Software engineering model, serious videogames, orientation and 
mobility, audiogames. 

1   Introduction 

Spatial relations during the first years of life are established through the ability to situ-
ate oneself in space, using different sensory channels and strategies that allow one to 
assimilate and integrate the information intake from the environment. This information 
is transformed into meaningful knowledge that we use throughout our lives [2]. 

In the case of a blind child, in the sensory-motor period of his/her development, 
aspects such as the permanence of an object is a difficult concept to acquire, given 
that vision is the main sense that provides information on the presence of objects or 
people in a certain location [2]. For a child with visual disability to be able to develop 
this ability, it is necessary to be accompanied verbally during all the movements that 
he/she makes.  

Unlike a sighted child, for whom movement emerges as a result of visual curios-
ity, a blind child lacks visual experience, such as seeing oneself in the mirror, seeing 
other people and relating with them, or feeling a visual attraction towards an object 
[10]. As a child with visual disability does not have the chance to be “attracted” to 
things, his/her mobility will be diminished, as initially sound is not able to transmit 
the existence of things that can be touched; although in time and with the positive 
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development of auditory perception, this can change [10]. As a consequence, the 
experiences of a child with visual disability as compared to a sighted child regarding 
the initial stages of life, do not allow the visually disabled child to integrate tactile, 
auditory and kinesthetic experiences in the same way as a sighted child [7].  

As far as orientation, children with visual disability should learn and understand 
from an early age that to be oriented is to know where one is, and to know the rela-
tionship between one’s position and other locations in space. They must learn to  
establish and utilize reference points that allow them to know where they are located 
at any given time in their navigation [17]. 

There are several ways to help users with visual disabilities to achieve autono-
mous navigation with the support of technology. Such technologies can be defined as 
any item, equipment or system that is commercially acquired, and is modified or 
adapted in such a way that it can be used to increase, maintain or improve the func-
tional abilities of blind users [13]. Some projects provide different means of interac-
tion for blind users through the use of mobile devices, implementing ways of entry 
through the use of tactile or voice commands, the output of which is provided through 
verbal and/or iconic sounds [5][15]. 

Bradley and Dunlop [3] consider the contextual differences in which the blind user 
moves about, differentiating between indoor and outdoor systems. The main result 
includes the fact that with location systems for legally blind people, both technical 
aspects of the technology and the different ways in which the users codify spatial 
information according to the context in which they are immersed must be taken into 
account. Other mobile aid solutions for the orientation and mobility of legally blind 
users take advantage of the logic of the environments with which these users relate. 
Sánchez and Maureira [15] present mBN, a system of navigation to be used in a sub-
way station. Without the need of any other device besides a handheld PocketPC, the 
user can obtain information from the various subway stations and certain aids that 
allow him/her to enjoy autonomous navigation. Another way to help them to be more 
autonomous is to train them virtually, to then apply the knowledge attained in the real 
world [1]. In the studies carried out by Lahav and Mioduser [6] the user’s achieve-
ment regarding their cognitive representation of the virtually navigated space that they 
attain, and their ability to apply this representation in carrying out tasks in a real space 
are examined. The results show the success of the experience, in which the users are 
able to construct a mental map and then apply it to the real world. 

In general, videogames are seen only as tools for entertainment. They can also be 
used as powerful learning tools [12]. However, although the majority of successful 
studies and projects in this area refer to sighted children, there is a clear niche for 
research on the application of videogames in support teaching new skills to blind 
children.  

In this way, for the purpose of this study it is necessary to evolve from a tradi-
tional software development process, and adapt it to these new needs (blind children, 
serious videogames, orientation and mobility learning), thus creating a new develop-
ment model. Therefore, the objective of our study is to propose a model for the devel-
opment of videogame-based applications designed to assist the navigation of blind 
people, based on the adaptation, widening and integration of existing software engi-
neering models and the design and evaluation of mobile applications that support the  
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orientation and mobility of blind people [16][11] to this new field within software 
engineering, related to the design and creation of videogames for the education and 
learning of blind children. 

2   Methodology 

To design this innovative and specific model for the development of video game-
based applications for the navigation of blind people, other models that have already 
been designed, developed and validated by the authors of this study were used as a 
reference. These models, however, do not consider the video game factor and the 
multi-disciplinary nature of the focus for the current study. The first model taken for 
reuse is related to the design, development and evaluation of mobile applications to 
support the development of orientation and mobility (O&M) skills in blind people 
[16]. The second model is related to software engineering, and is used to support in 
the development of conventional mobile applications for learning. This model allows 
the developers to consider aspects that are critical to the development of a functional 
application [11]. 

3   Model 

In order to develop video game-based applications for the improvement of O&M 
skills in blind users, it is necessary to consider three processes (see Fig.1): (1) Defini-
tion of Cognitive Skills Navigation, (2) Software Engineering, and (3) Impact Test-
ing. These processes must be executed cyclically and iteratively. This creates a global 
process that incrementally adjusts the technological tool that is being developed to the 
cognitive objective regarding the navigation of blind users. 
 
Definition of Cognitive Skills Navigation: During this stage all of the O&M skills 
that are required to support the following are determined: perceptual development, 
spatial orientation, motricity, communication, basic concepts and protection tech-
niques [17]. These skills are represented by behaviors and knowledge that the users 
must exhibit in order to carry out autonomous navigation. 

This stage is fundamental to be able to begin the process for the development of 
technological tools. Here the most significant problems are identified, which are to be 
dealt with in the following software engineering process. The main objective of this 
stage is to determine the feasibility of the solution, as well as its restrictions (technical 
and methodological). The proposed solution will depend on the balance between the 
technological context and the orientation and mobility skills that are to be supported.  
 
Impact Evaluation: We were interested in knowing the gains in terms of learning 
(O&M skills) between the pretest and posttest scores, which are the result of having 
used the application. The dependent variable corresponds to the O&M skills studied. 
Basically, this design responds to three steps: (1) Application of a pretest that meas-
ures the behavior of the dependent variable prior to the intervention; (2) Application 
of the intervention, which imply use of the video game for O&M skills; and (3)  
Application of a posttest that measures the behavior of the dependent variable after 
the intervention. 
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Fig. 1. Global iterative process for software development to improve the O&M skills in blind 
people 

Software Engineering Process: In this stage of the model, efforts are mainly concen-
trated on the process of software engineering for the design and development of ap-
plications that can be used to improve the orientation and mobility skills of blind 
people. To these ends, it is proposed to work using the 5 traditional phases of systems 
development: Initial Phase, Analysis Phase, Design Phase, Implementation Phase and 
Evaluation Phase (see Fig. 2). 

3.1   Initial Phase 

During this phase, the feasibility for the development of the application is determined. 
An analysis of the technological context in which the video games will be developed 
is performed, and the O&M skills to be developed in users with visual disabilities are 
defined (see Fig. 2). Technological Context: Refers to the technology available in 
the market that can provide support for possible technological solutions for the devel-
opment of orientation and mobility skills. In particular, the problem to be dealt with 
must be clear (defined by Orientation and Mobility Skills), and based on this one can 
define the most pertinent technology to be used. O&M Skills: The objective of this 
stage is to clearly define which specific O&M skills we will be able to support with 
the system to be developed. 

3.2   Analysis Phase 

In this phase an analysis of the end-users of the video game to be developed is ana-
lyzed, as well as the internal and external restrictions to the project. This is a stage to 
consider the most significant variables that will interfere in the design and develop-
ment process. Real Situations Analysis: The real contexts in which the users would 
be able to carry out their activities, given the specific orientation and mobility skills 
that it is desired to support, must be analyzed. This analysis must include the prob-
lems that are presented within the environment, which could impede the navigational 
tasks from being completed, and considering a complete profile of the user that will 
utilize the system. End-User: The users’ characteristics on a cognitive level (O&M), 
mental model, degree of vision and their most significant descriptive variables are 
specified. Restrictions: All of the restrictions that must be considered for the user to  
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Fig. 2. Model to develop videogame applications to develop O&M skills in blind users 

be able to correctly develop the desired O&M skills are defined. Both the rules of 
conduct for the user while using the technology and the social behaviors involved in 
the activity are specified. Videogame: This component, developed between the 
analysis stage and the design stage, allows us to define how to design the support 
system for O&M as a videogame. 

3.3   Design Phase 

HCI Definition: In this component the specific guidelines for how the interfaces and 
the interaction with the system to be developed must be designed. To do this, it is 
necessary to take the characteristics of the end users, their habitual ways of interacting 
and their interests into account. This also includes the specific characteristics of the 
system so that it has a recreational, “educational videogame” type orientation [12], 
and so that it is used to develop O&M skills. The end users’ considerations are pro-
vided during Analysis of the Real Situation stage, in which the users and their needs 
are defined (see Fig. 2). Due to this information, which can be considered within 
different technological contexts, it is necessary to include the way in which a blind 
user interacts with different kinds of technology [9]. Environment: Component re-
sponsible for defining where the system to be developed will be used. This is based 
on an abstract representation of the real world in the system. The computational rep-
resentation of the real environment must be in accordance with the tasks that the 
videogame users have to perform. Tasks: For the correct development of the skills to 
be analyzed, it is necessary for the tasks, defined both on the level of the real envi-
ronment (if the system is mobile, for example) and on the level of the software,  
to allow for the child to use the orientation and navigation tools through the video-
game itself. This is essential for the kind of skills that it is sought to develop. These 
tasks must include elements from the real environment to be represented in the virtual 
world. General guidelines for how this environment should be represented will also be 
provided.   
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3.4   Implementation Phase 

After the design phase the problem to be solved is clear, as well as the best way to 
achieve this. The task assigned to this phase consists of developing the solution that 
has been designed in the previous phase. Interfaces: In this stage of the model, the 
different interfaces that the blind user will use to develop the previously defined tasks 
are implemented. These interfaces can be of different sorts: Audio [14], haptic [8] and 
multimodal [4]. These interfaces must include the users’ characteristics (from the 
Definition of HCI component), and the elements that make the orientation and mobil-
ity tasks possible. Functionalities: During this process, the data structures and the 
specific functionalities for the system being developed are defined. This component 
includes the activities within the tasks to be performed and implements the necessary 
functionalities, always making sure that it is possible to complete all the specific tasks 
assigned.   

3.5   Evaluation Phase 

By the end of the previous phase, the videogame has already been implemented. Dur-
ing this testing phase, the video game is tested in order to solve possible errors and 
defects (corrective maintenance), and to modify or improve the videogame (adaptive 
maintenance). During this stage, the following tasks must be considered. Usability 
Testing: In order to evaluate the interfaces used by the system developed, specific 
usability evaluations must be applied [9] (quantitative and/or qualitative), in order to 
assure that the users’ interactions with the system are adequate and pertinent. These 
evaluations must be performed with end users, and involve the previously designed 
interfaces. Real Context: During the design of the interfaces for the system to be 
developed, it is necessary to consider evaluations based on the real environment. 
These evaluations can be either quantitative and/or qualitative. The main idea is  
that from these evaluations, relevant considerations regarding how the user interacts 
in the real environment emerge in such a way that the system adjusts to this kind of 
interaction. Laboratory Context: In order to make a more controlled and precise 
evaluation, it is necessary to perform experiments in a laboratory in order to evaluate 
usability. These evaluations would be of a more focused nature, and would define the 
specific redesigns for the interfaces being developed. Functionalities Evaluation: 
This stage of the development will validate if the functionalities of the system devel-
oped do what they have to do. Exhaustive tests must be taken within a laboratory 
setting regarding the system’s behavior under various simulated conditions of use.  

4   Conclusions 

In this work, a model for the design, development and evaluation of video game-
based applications is presented and described, so that users with visual disabilities can 
improve their O&M skills. A theoretical review of the concepts related to mobility 
and digital technology, the use of technology for O&M sills, and the use of video 
games to support learning was performed. Afterwards, the proposed model was  
presented, as well as its different stages and the impact that it has had on the devel-
opment process. 



302 J. Sánchez et al. 

Our previous experience with the design of educational software development 
models for the blind [39] has taught us how important it is to provide design and de-
velopment tools for such systems. These tools can considerably improve the perti-
nence, acceptance and use of these systems by the end users. 

The early development of orientation and mobility skills in blind children is fun-
damental for their performance in navigating unknown environments autonomously. 
At the same time, a higher understanding of space and the development of orientation 
and mobility skills does not only allow them to develop psychomotor activities at 
their age level, but also allows them to have a higher level of learning with regards to 
their perception and understanding of the environment. It is for this reason that the 
model presented in this work can be an essential contribution to generating video-
games in support of the development of orientation and mobility skills, thus creating 
innovative ways of improving such abilities.  

As it has been presented in the model, the end user takes on a leading role in the 
design of the systems, thus constituting an end user-based design. The participation of 
the end user in the main stages of development favors acceptance of the final product, 
an adequate and pertinent use in accordance with the user’s mental model, and re-
duces the costs associated with redesigns due to problems with the interaction. 

In future work, this model will be used as a basis for the design of mobile systems 
so that blind users can improve their navigational methods, making them more effi-
cient and thus helping them to improve their autonomy in different, everyday-life 
environments. All in all, the systems based on this model will help to improve  
the navigation of blind users, and with this will aid in their integration and inclusion 
in society.  
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