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Resumen

Las discapacidades auditivas son mundialmente reconocidas como una de las mas
comunes y que afecta a una gran cantidad de personas. En la literatura se reportan
multiples trabajos enfocados en el disefio y desarrollo de sistemas para la rehabilitacion
de usuarios con discapacidades, asi como para la definicion de modelos que permitan la
expresion de sus capacidades y discapacidades. Desafortunadamente, cuando se trata de
desarrollar sistemas interactivos para asistir en programas de terapia auditiva, el
conocimiento de analisis y disefio, que es propio de la aplicacién de metodologias esta
ausente. En este trabajo de tesis, se efectla el enriquecimiento de un modelo de proceso
de desarrollo, con elementos de rehabilitacion y disefio de juegos, asi como de
herramientas relacionadas a la Interaccion Humano-Computadora, con el fin de facilitar la
implementacién de juegos serios para soporte a la rehabilitacion auditiva en tiempos
cortos y con recursos humanos limitados. Para llevar a cabo este enriquecimiento, se
describen actividades, roles y herramientas para cada una de las etapas involucradas en
el proceso propuesto. Finalmente, para realizar la verificacién del proceso y la validacién
de juegos serios desarrollados al seguirlo, se condujo un experimento en el que se

contrastaron proyectos en los que se seguia con otros en los que no.



Abstract

Hearing impairments are widely recognized as one of the most common disability that
affects many people. There are several works addressing the design and development of
systems for the rehabilitation of users with disabilities, as well as for the definition of
models to express their capabilities and disabilities. Unfortunately, when we want to
develop interactive systems to assist hearing impairment therapy, knowledge of analysis
and design, typical of the methodologies is absent. In this thesis work, the enrichment of a
development process model, with rehabilitation, and game design elements along with
Human-Computer Interaction related tools, for promoting the implementation of serious
games to support auditory rehabilitation in short time and with limited human resources is
performed. To accomplish this enrichment, activities, roles, and tools are described for
each of the stages that are involved in the process definition. Finally, in order to carry out
verification of the process and validation of serious games produced under its guidelines,
an experiment was performed in which the development is contrasted while using them or
not.
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1. Introduction

In several contexts such as healthcare, military and educational, games have been applied
as a way to improve skills and for training professionals [Arnal3] [McDo06]. This type of
games is called serious games [Mich05] [BreulO]. Despite the fact that the concept of
serious games itself, might be considered as an oxymoron since “Games are inherently
fun and not serious” [Kuip13], it is important to clarify that many works had been
conducted in the field addressing the development of these games, always considering fun
as a main component of them [Ritt10].

Several works addressing the design and development of systems for the rehabilitation of
users with disabilities [KikuO7] [Burd0O0], as well as for the definition of models to express
people’s capabilities and disabilities [Casa08] [Kakl13] had been carried out. However,
hearing impairment is widely recognized as one of the most common disabilities [Vent82],
there is a lack of work focusing on providing tools to ease the design and development of
applications for the domain of auditory rehabilitation.

In this sense, the aim of this thesis work, is not only on providing an application that may
be used to help on the performance of assisted therapy sessions, but to propose the
enrichment of a software development process model to promote the implementation of
serious games to support auditory rehabilitation. This leads to the definition of the following

research question:

What elements, disciplines, or techniques may enrich a software development
process for promoting the development of serious games to support auditory

rehabilitation, in short time and with limited human resources involved?

To the effects of this research question, it is important to consider as “short time”, a period
of 4 to 8 weeks due to the pertinence usage of the software application towards the
therapy program objectives, while as “limited human resources”, it is considered to involve

maximum 5 people in the development team playing as much roles as it is required.

1.1. Hypothesis
The literature review that is summarized in the second chapter, made it possible to

establish a Hypothesis aligned to the previously introduced research question:



H1.- The stages of a software development process model may be enriched with
concepts on serious games design, rehabilitation, and Human-Computer
Interaction techniques or tools, in order to promote the production of serious games
to support auditory rehabilitation in short time and with limited human resources

involved.

In order to prove the established hypothesis, a general objective is settled. This goal along

with the specific objectives is presented in the next section.

1.2. General and Particular Objectives
The general objective of this work is to enrich a software process model to promote the
development of serious games to support auditory rehabilitation, by adding to its stages
game design elements, concepts on rehabilitation, and Human-Computer Interaction (HCI)
techniques or tools.
For accomplishing this general objective, it is decomposed in shorter specific goals. These
specific objectives, may be seen also as a list of steps to follow in order to accomplish the
general one, and therefore to prove the established hypothesis. Thus, in Table 1.1, the
specific objectives are listed in the format of a traceability matrix which must be updated in
the Conclusions and Future Work chapter.

1.3. Scope and Limitations

From the definition of the objectives, it is possible to establish limits for this thesis work.
The description of these guidelines allows focusing on what is important for proving the

hypothesis, and what is out of the aim of the project.

Scope:

e Propose features to be added for enriching a generic software development
process model. Those features must be related to the domain of rehabilitation,
concepts on game design, and tools derived from a HCI approach.

e Participate on the design and development of applications and games according to
requirements gathered from the attendance to speech therapy sessions, for

acquiring experience in the development of such software tools.



e Propose a metamodel for expressing characteristics of a serious game to support
auditory rehabilitation.
e Describe the activities, roles, and internal and external products that take part in

the proposed enriched process.

Table 1.1 Specific objectives traceability matrix.

Objective Description How was it accomplished?
number

Attend speech therapy sessions to observe and
1 gather requirements to develop applications to support
a rehabilitation program.

Elaborate applications in compliance with the
2 gathered requirements in order to acquire experience
in their development.

3 Compare software development process models from
the literature.

Choose a process model and review its

characteristics.

5 Model the use context, in terms of platform, user, and
environment.

6 Elaborate a metamodel of serious games for auditory
rehabilitation.

7 Identify concepts about game design, which may be

useful for the realization of this project.

Incorporate concepts on game design, rehabilitation,
8 and HCI techniques or tools to the stages of the
chosen process model in order to enrich it.

Develop serious games to support auditory
rehabilitation by following the enriched process model.

10 Verify the proposal (enriched process model) and
validate the developed products.

Generate publications of national and international
11 impact reporting advances and results obtained during
the performance of this thesis work.

Limitations:



e The explanation of the proposed process will be performed on terms of what to do,
and not on how to do it, this is, following a descriptive approach.

e The verification of the process will be driven with support of developers and
engineering students with different skills and profiles.

e For the validation of the products, only those serious games approved by the
speech therapist are going to be considered, and also, it is important to point out
that a reduced and variable number of patients are available to participate using
the developed applications.

e The observation, requirements gathering, testing, and evaluation of concepts are
going to be realized in the “Centro de Atencién Integral a la Salud” (integral health-

care center) of the Universidad Autbnoma de Aguascalientes due to availability.

1.1 Research Approach

For the realization of this thesis work, a scientific research procedure is employed.
Scientific research may be classified according to the object of study, the invested time,
the nature of the gathered information for solving the problem, according to data gathering
techniques, and according to the general objective among others [Sanc11].

According to the object of study, this work may be classified as applied research, since the
resultant experience will be applied in field studies solving practical problems, this is, the
experience and serious games developed are going to be tested and implemented for their
evaluation with end users.

Because of the nature of the gathered information for solving the problem, this work may
be classified as: quantitative research, since numerical and statistical information will be
reported and interpreted on it, for instance time invested in the development of a serious
game, time invested by the user in the usage of a serious game, points scored from a user
in a play session, etc.; qualitative research, since non numerical information will be
gathered and interpreted on it, like the characteristics of the enriched process, the roles
involved, and the tools provided to promote the development of serious games; and
exploratory research, since the main goal pursued with this project is to provide with tools
and guidelines to address the problem of developing serious games to support auditory

rehabilitation in short time and with limited human resources.



In regard to the extension of the study, this project may be classified as case study
research, since it consists on the observation and study of a specified group of subjects
and the elaborated tools and developed products, are tested within the same group.

And finally, in respect to the general objective, this thesis work may be classified as
descriptive research, since it implies that process models and game design elements are

observed, analyzed, and they form the baseline in which the proposal is based.

1.2. Structure of the Document

The remainder of the thesis work is organized in chapters that in turn contain sections.
This first chapter, Introduction, provides a general panorama of the problem that is
intended to solve, and about concepts that are important to be understood since they’ll be
used in further chapters. Also, on it, the research question, associated hypothesis, related
general objective, and aligned specific objectives, are described.

The second chapter contains the state of the art, which is the result of the research that
was carried out in order to recognize concepts on rehabilitation, meaning by this speech
therapy, occupational therapy, and physical therapy; model driven development; process
models, including linear sequential, prototype construction, incremental, spiral, component
based, and the tailored process models, as well as a comparison of them; patterns;
evaluation; serious games design elements; serious games for rehabilitation; and finally
describing experiences on the development of serious games for acquiring skills on those
projects that may later on work as baseline for the research.

Third chapter is aimed on the description of SEGA-ARM, a metamodel that was designed
considering the experience gained with the former development of applications for
rehabilitation and elements that were found in the literature, in compliance to a HCI
approach, and expressed in accordance to a UML notation. This metamodel may be used
as a support tool for stages in the process model that is described in the following chapter.
The fourth chapter presents the main proposal on this work, this is the enrichment of a
generic software development process model with speech rehabilitation concepts, HCI
based tools, and game design elements found on the literature. On its sections, a workflow
of the application of the process is presented, the general view of the process is explained,
and finally each stage involved on the process model is detailed in terms of the actors,

activities, and products that take part on it.



Verification of the proposed process and validation of one of the developed products are
described in the fifth chapter, along with the explanation of the experiments that were
carried out to this effect.

Finally, the sixth chapter is dedicated to provide the conclusions to the realization of this
thesis work reporting how the objectives were accomplished, describing if there are others
to be addressed, and mentioning if the established hypothesis was proved, along with the

future work.



2. State of the Art

The current chapter introduces concepts, methods, models and tools that are considered
to be relevant for the purpose of understanding, designing, developing and testing
applications for the rehabilitation of several types of disabilities, as well as the analysis of
related works in order to set up guidelines for the proposal.

It is important to point out that even though this thesis is aimed on software engineering for
serious games, it is necessary to define and understand concepts and practices for

auditory rehabilitation to provide a complete background on the scope of the work.

2.1. Concepts on Rehabilitation
Rehabilitation, as defined by Brandt & Pope, is the process by which physical, sensory,
and mental capacities are restored or developed in (and for) people with disabling
conditions [Bran97]. When it comes to rehabilitation for auditory disabilities, it is covered
mainly by speech therapy and reinforced by occupational and physical therapy, each one,
branches of rehabilitation contributing with specific techniques for achieving a common
goal. The success of a rehabilitation program depends on various factors: timing, patient

diagnosis and treatment planning [Rego10].

2.1.1. Speech Therapy

Speech therapy, also known as speech-language pathology, is the rehabilitative treatment
of physical and/or cognitive disorders resulting on the difficulty to perform verbal
communication. Speech therapists assess, diagnose, treat and help to prevent disorders
related to speech, language and other elements of communication [McDo12]. The ultimate
goal of these specialists is to help patients to develop or recover reliable communication
and other skills. Most speech-language pathologists work with determined age groups,
such as children or elderly and focus on the treatment of certain communication problems,
such as those resulting from strokes or hearing loss [BLS14c].
Speech therapy professionals’ duties while diagnosing patients typically are the following:

e Communicate with patients to evaluate their speech and language skills.

e Use standardized tests or observe a patient while completing basic reading and

vocalizing tasks to determine communication problems.



Identify, propose and carry out an individualized treatment plan.

While treating patients, speech therapists typically do the following:

Teach patients how to make sounds and improve their voices when possible.
Teach alternative communication methods, when making sounds or improve voices
is not possible.

Improve patients’ writing and reading skills.

Involve patients’ relatives on the treatment.

2.1.2. Occupational Therapy

Occupational therapy is defined by the American Occupational Therapy Association

(AQTA) as the “use of purposeful activity with individuals who are limited by physical injury

or illness, psychosocial dysfunction, developmental or learning disabilities, poverty and

cultural differences or the aging process in order to maximize independence, prevent

disability and maintain health” [AOTA81]. In general terms, occupational therapy consists

on using selected activities, such as cooking, cleaning, game playing, and music, in order

to gain or regain abilities [Reed88]. Occupational therapists’ goal is to improve basic motor

functions and cognitive and emotional abilities, as well as, compensate for loss of a
function [McDo012].

Occupational therapy professionals’ carry out the following tasks [BLS14a]:

Observe patients doing tasks, ask questions and review their medical history in
order to evaluate their conditions and needs.

Propose a treatment plan for patients according to the types of activities and
specific goals to be accomplished.

Demonstrate exercises and help people with different disabilities to perform
different tasks.

Evaluate the patient’s context based on the needs they have, and identify potential
improvements.

Educate a patient’'s family and employer about how to accommodate and care for
the patient.

Recommend special equipment and instruct patients on its use.



2.1.3. Physical Therapy
Physical therapy is defined in the Mosby’s Medical Nursing and Allied Health Dictionary,
as “the treatment of disorders with physical agents and methods to assist in rehabilitating
patients and in restoring normal function after illness or injury” [Glan90]. Physical
therapists help patients to improve their movement and provide a treatment to face chronic
conditions or injuries.
When working with their patients’, physical therapists typically do the following [BLS14b]:
e Review patients’ medical history.
e Diagnose patients’ dysfunctional movements by observing them stand or walk
among other methods.
e Propose a plan for patients’ rehabilitation considering their goals.
e Use exercises and equipment as treatment for improving patients’ conditions.
e FEvaluate patients’ progress and modify the treatment plan according to the
obtained results.

e Educate patients and their families about the recovery progress.

2.2. Model-Driven Development
Researchers on computer sciences had been working on mechanisms to raise the level of
abstraction with which developers write programs [Atki03]. In this sense, the Model-Driven
Development (MDD) approach, allows developers to model necessary functionalities and
architectural characteristics of the systems, instead of requiring them to specify every
single detail of them using a determined programming language [Mill01] [Fran03].
MDD is an Object Management Group (http://www.omg.org) initiative which main goal, is
to improve developers’ productivity and reduce time-to-market, meanwhile the challenge
on it involved is in defining processes to transform the generated models to code for
specific platforms [Send03].
In order to be considered as a Model-Driven Approach, MDD has, among other
requirements, to be supported by a modeling language [Vand05], which is usually but not
limited to the Unified Modeling Language (UML) [Jac099].
The concept of MDD is closely related to Model Driven Architecture that consists on a
paradigm that incorporates a standard for the establishment of the components that

integrate an Interactive system development methodology, these components are:



e Models. A set of models to describe the elements that form a User Interface (Ul): tasks,
data modeling, user profiles, graphic presentation and behavior.

e Language. For specifying the models in some way the computer might process a User
Interface Definition Language (UIDL) is required. That type of language allows
designers and developers to exchange, communicate and share fragments of the
specification so the software tools can operate on them. The modeling bases are
independent to the UIDL, so the proposed solution might be implemented through
different languages. The revision and comparison of several UIDLs has been carried
out and is available for its consideration [Guer09].

e Software. A methodology must be supported by software tools and its interoperability
has to be ensured at least theoretically.

e Approach. This refers to the paradigm to be used for giving an order to the Ul
development methodology steps. The process of design begins with tasks models
developed under a gradual approach for ending in the definition of the Ul [Cupp06]. An
approach is based on the Cameleon Reference Framework [Calv03] which consider
four development phases:

1) Tasks and concepts (T&C): describe user tasks; they are concepts referent to data
models that are required for doing these tasks. Task modeling is achieved often
using notations such as CTTE [Pate0l1l]. An example of a CTTE diagram is

shown in Figure 2.1.
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Figure 2.1 Example of a tasks model using CTTE notation [Pate01].

2) Abstract User Interface (AUI): define abstract containers and interaction individual
components. Tasks are associated to containers for its execution or to individual
objects for its manipulation. An AUl is considered as an abstraction of a

Concrete Ul with respect to the interaction modality. At this level, the Ul is
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composed mainly by the definition of the system inputs and outputs but does not
define the modality to be used (graphical, vocal, tactile). AUl modeling may be
achieved by using slide editors, painting software or state of the art applications

such as IdealXML [Mont07]. Examples of AUIs are shown in Figure 2.2.

Level 1
Level 2

Select level

Level selection screen o ‘

. Ask user utterance ‘

User utterance

| Game main screen 0 |

Figure 2.2 Example of Abstract User Interfaces using IdealXML notation [Mont07].

3) Concrete User Interface (CUI): the CUI defines an interaction modality and is
composed by elements that describe it, Concrete Interaction Objects (CIOs) for
defining the design widgets and the navigation through the interface. The CUI is
computing platform independent and although it makes explicit the aspect and
behavior of the Ul, it is still a model only working for a particular environment. A
CUI may also be considered as a reification of an AUI in the superior level and
an abstraction of the Final Ul with respect to the platform. Graphic design
applications may be used in order to create CUlI models. Figure 2.3 presents

examples of this type of interfaces.
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‘ Button Level 1 |

‘ Button Level 2 |

| Button Accept |

Level selection container

‘ Label Requested utterance |

‘ Button provide utterance |

Game main container

Figure 2.3 Example of Concrete User Interfaces.

4) Final User Interface (FUI): corresponds to the operational elements, this means,
the runtime Ul over a determined computing platform. This type of interfaces is
one of the results of the codification stage of a Software Development Process.

Figure 2.4 presents examples of CUIs.

Figure 2.4 Example of Final User Interfaces.

In order to support the modeling of the above seen levels, there are methods and

transformation rules for different use contexts. The transformational development of the Ul

12



finds its motivations in the concept of heterogeneity of information systems. For this case,
heterogeneity refers to the variety of use contexts for those which the Ul was designed for.
This heterogeneity makes a stand on the necessity of abstracting the pertinent details from
specific contexts. It is possible to obtain specific representations from these abstractions.
The advantage of accessing to those representations is the ability for reasoning about a
unique model (task model) and to obtain many different Uls.

The main advantages that are encountered on the usage of MDD are [Stef07] [UhIO8]:

e Simplicity: Complex software products may be represented as an easy to read
collection of models and documents.

e Agility: The different abstraction levels that may be represented using models
empower project evolution through different process stages.

e Customizability: Modeling notation elements may be renamed and restructured as
needed to ease the representation of systems.

e Consistency: Traceability and semantic consistency are guaranteed, from the
earliest stages of prototyping until the final execution.

e Verification: By defining properties that must be satisfied, automatic mechanisms
and model checking techniques may be provided for verifying the produced models
and its modifications.

e Executability: During the different levels of abstraction that are covered, execution
code may be generated. This code can be as abstract as text descriptions, or as

concrete as actual runtime implementations.

2.3. Process Models

Software applications are complex products, difficult to develop and test. This complexity
leads on the necessity of counting on the definition of software process models that
describe activities, techniques and methods to support development [Fugg00]. As soon as
the term software process was coined, workshops and events were carried out for the
enrichment of the discipline, and even standardization organizations such as ISO and
IEEE started important efforts centered on it. In this sense, and for the purposes followed
by this work, it is relevant to mention ISO 12207 (System and software engineering -
Software life cycle processes), that can be used [ISO08]:

e By an organization, to establish an environment of desired processes

13



e By a project, to select, structure and employ the elements of an established set of
life cycle processes to provide products and services.
e By an acquirer and a supplier, to help develop an agreement concerning processes
and activities.
e By organizations and assessors, to perform assessments that may be used to
support organizational process improvement.
It is important to point out that this International Standard includes clauses that define the
requirements for the system life cycle processes and requirements for specific software life
cycle processes, along with annexes containing examples and guides for its
implementation. Processes within that standard are described in terms of their following
attributes: title, purpose, outcomes, activities, and tasks. This form of description is defined
by ISO 24774 (System and software engineering - Life cycle management — Guidelines for
process definition) [ISO10].
ISO 12207 also provides the definition of software life cycle models, introducing the
concept of stages. According to this standard, the life of a software product can be
modeled by a life cycle model consisting of a sequence of stages that may iterate and/or
overlap, as appropriate to the project's scope. For the description of each stage, it is
necessary to declare its purpose and outcomes.
In general terms, a software process involves three main stages: definition, development
and maintenance. The definition stage is aimed to describe what is going to be developed,
meaning by this, the identification of the information to be processed, the desired
performance and functionality, system behavior, user interfaces, and criteria to evaluate
correctness of the system. Three main tasks are carried out during this first software
design stage, information engineering, software project planning, and requirement analysis
[Pres05] [Boeh88] [Feil93].
The development phase focuses on how a software product is going to be elaborated, this
is, definition of data structures, software architecture, procedural details, the manner in
which models are going to be translated into code, and how tests are going to be carried
out. The main tasks to consider during this stage are, software design, codification, and
software testing [Pres05] [Hump89].
The maintenance stage is aimed to describe the changes that occur during mistakes
correction, adaptation, and improvements. Thus, four basic types of changes are

considered as part of this phase, correction, adaptation, improvement, and prevention. The
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main tasks to be carried out during the maintenance stage are, Software project control
and tracking, quality assurance, usage of metrics, and risk management [Pres05]
[Boeh91]. The following subsections present some of the process models structures that

may be found on the literature.

2.3.1. Linear Sequential Model

The linear sequential software process model, also known as cascade model, consists on
a series of stages related one to another. The linear model is the oldest approach and the
most commonly used. Often, this process model is described as a sequence of the
following phases: Requirements gathering and analysis, design, codification, testing, and
maintenance.

The main disadvantage encountered on the application of this approach, is that the client
or user rarely exposes all of his/her needs. Thus, its usage is recommended only when all
of the requirements are known. The structure of this process model is presented in Figure
2.5. Strictly speaking, follow this process model, implies that not feedback may be
provided by the client once the development is started. Also, it is important to point out that
for long term projects, the first version of the software products won’t be available soon
[Pres05] [Carm95].

Requirements gathering
and analysis

Design

Codification

Testing

Maintenance

Figure 2.5 Structure of the Linear Sequential Model.
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2.3.2. Prototype Construction Model
Unlike the linear sequential model, when instead of well-defined requirements, only a
general vision of the objectives to achieve with a software application is provided by the
client or user, a prototype construction model may be followed. This process model, is
mainly conformed by three iterative stages, the first one in which the client exposes the
goals that are pursued with the software tool to be developed, the second one in which the
analysis and development team builds a working prototype to be presented to the client
during the third phase in which changes and improvements are requested. This structure is
illustrated in Figure 2.6. The prototype construction model's main advantage is that it
supports the involvement of the client on the software development, carrying the risk of

presenting low quality functional prototypes [Pres05].

Client exposes
Software objectives

Construction of a
working prototype

Client requests
changes and
improvements

Figure 2.6 Structure of the Prototype Construction Model.

2.3.3. Incremental Model

The incremental software process model is the result of a combination between the linear
sequential model stages, and the generation of partial products and feedback that are
present on the prototype construction model. The main advantage of the incremental
model when compared to the prototype construction one is that in this one, each version
that is presented to the client or user, is a fully operational product that has passed
through a testing phase, allowing ensuring its quality.

When the due date for delivering the software product may be updated and the client or
user can be involved on the process, this approach may be applied. The structure and flow

of the incremental model are shown in Figure 2.7 [Pres05] [LarmO03].
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Analysis - Design |~ Codification Testing delivery
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Figure 2.7 Structure of the Incremental Model.

2.3.4. Spiral Model

Originally proposed by [Boeh88], the spiral model is an evolutionary incremental approach

that combines the iterative nature of the prototypes construction model with systematic

aspects of the sequential one. This process model consists on a series of stages that allow

the production of functional versions of the desired product. Early deliveries may be

presented as low level (paper) prototypes, while the last ones should be more complete

versions of the designed system.

Communication
with the client

Evaluation
by the client

Planification

Risk analysis

Engineering

Construction and
Adaptation

B Concepts development

B Product development
B Product improvement

| Product maintenance

Figure 2.8 Structure of the Spiral Model.
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Often, the spiral model is divided into task areas such as communication with the client,
planification, risk analysis, engineering, construction and adaptation, and evaluation by the
client. It is recommended to follow this process model approach for identifying and
reducing risks, and for applying well defined steps in a more real, iterative manner. The
main disadvantage of the implementation of this model is that it requires that the design
team counts on high skills for determining risks. Figure 2.8 presents the basic structure of

the spiral process model [Pres05] [Will88].

2.3.5. Component Based Development Model

Object Oriented Programming (OOP) provides characteristics that promote the definition of
a component based development model [Pres05] [Ning96]. If well designed and correctly
implemented, the objects created under this paradigm may be reused for different
applications and systems. This process model is very similar to the spiral or the
incremental ones, with the difference that in this case, software applications are configured
from existing components. In this process model, software engineering begins with the
identification of candidate classes, by analyzing the requirements of the application that is
to be developed.

The usage of this approach, supposes the creation of a repository of classes or objects.
The main goal that is pursued with the implementation of this process model is to
decrease the time invested on codification tasks, by increasing the time spent on analysis
and configuration. In order to document the objects and classes that are available for

reutilization, modeling languages such as UML [Jaco99] are employed.

2.3.6. Tailored Process Models

The creation of standards such as ISO 12207 [ISO08] and ISO 13407 [ISO99] among
others, for process models, resulted on the definition of compatible tailored process
models for specific domains, and for particular working environments according to
available roles and resources.

For instance, in [Smit04], an ISO 13407 compatible process model for the development of
cross-cultural websites is presented as a series stages with activities, detailing tasks to be
carried out as part of each of them. The described tasks are designed according to the

domain of use of the system to be developed.
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Moreover, in [Viei09] a process for the design of context-sensitive systems (CSS) is

proposed, defining for it roles, activities and tasks, by using the SPEM notation [OMGO08].

The activities that were described by the authors refer to the specific domain of CSS

development.

2.3.7. Comparison of Process Models

In previous subsections, an overview of several process models is provided along with

their main characteristics. Table 2.1 presents a tabular comparison of them, as a brief

resume of the whole section. It is important to notice that component based and tailored

process models are not considered during this comparison since, although they are

relevant to the aim of this work, they do not lay on an specific structure and may be

adapted to the particular characteristics of the project they are applied to.

Table 2.1 Comparison of Software Development Process Models.

Recommended

usage

project
requirements

are defined

general view of
the software
objectives is
provided and the
Client needs to
track the

development

date of the
project may
change and the
User can take
part on the
development

process

Process model Linear Prototype Incremental Spiral
approach Sequential Construction
Requirements Client exposes | Analysis Communication
gathering  and | Software Design with the client
analysis objectives Codification Planification
Design Construction of a | Testing Risk analysis
Basic stages | Codification working Engineering
Testing prototype Construction and
Maintenance Client requests adaptation
changes and Evaluation by the
improvements client
When all of the | When only a When the due When itis

necessary to

deliver completely

functional
prototypes. And
the development
team is skilled on

analyzing and
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process

reducing risks

Not supported

According to

Client requests,

Supported by

creating a new

Supported by

executing a new

Scalability after presenting | delivery complete loop
a partial
prototype
Most Requirements Construction of a | Analysis and Planification and
demanding gathering and working design Communication
stages analysis prototype with the Client
Not supported Presentation of Fully Presentation of
Partial partial prototypes | implemented partial prototypes
products without quality prototypes with quality
generation assurance meeting most assurance
requirements
Only during the | While exposing During analysis During the

Client or User

inclusion

requirements
gathering and

analysis stage

software
objectives and
for reviewing and
suggesting
changes and

improvements

and testing

stages

communication
with the Client and
the evaluation

stages

Reutilization of
documents

and/or code

Not supported
due to specificity
of the software
product and
documentation
for the current

project

Hard to be
achieved since
the final product
is result of
customization
through several
presentations
and

improvements

Hardly, unless
early stages of a
project may work

for another one

Only if on early
stages of the
process itis
considered. In that
case, during the
planification stage
it has to be
determined
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2.4. Patterns

A problem that occurs often and a solution that is given to it, is defined as a pattern
[Alex77]. There are specific patterns for a determined domain, like architectural patterns,
social behavioral patterns, and sewing patterns to name a few, but in the scope of this
work, the ones of interest are mainly design and interaction patterns.

According to “The Gang of Four™, a design pattern is formed by four main elements
[Gamm94]:

1. The name of the pattern: allowing description of the problem with its solution and
consequences. As soon as this is specified, the design vocabulary is enriched,
giving the opportunity of a more abstract design.

2. The problem: describing when to apply a determined pattern, and explains the
problem itself and its context. Sometimes, common particular design problems are
described along with a series of constraints to take into account while using the
defined pattern.

3. The solution: describing design elements, relationships, responsibilities and
collaborations. The solution is not a specific implementation nor design description
but a template that may be applied to similar problems. The pattern provides an
abstract description of a design problem and a general solution to it in terms of
arrangement of elements (e.g. objects and classes).

4. The consequences: results, advantages and disadvantages of applying the defined
pattern. The definition of consequences allows to evaluate and to understand costs
and benefits of the given pattern. Often, consequences on software development
are referred to the balance of space and time, but may also represent language or
implementation issues.

Following these principles, in [Gamm94] a list of 23 design patterns was proposed,
grouping them according to their purpose, as creational, structural and behavioral patterns.
Based on this proposal, several works had been developed addressing extension,
specification and description of design patterns for a particular domain or problem
[Heer06] [Gay05] [Land03].

For the domain of interaction, specific patterns for web, mobile and desktop applications

had been proposed as a manner to give designers and developers a guide for the solution

1 A name given to the group of authors of the book Design Patterns [Gamm94], integrated by Erich Gamma, Richard Helm,
Ralph Johnson and John Vlissides.
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of common problems. For instance, a collection of interaction patterns for web sites
development was provided by Van Welie in [Van03], using for their definition a pattern
language consisting of name, problem, solution, when to use, application, rationale, and
more usage examples.

Taking into account the definition of a pattern, it may be possible to find and describe
patterns for specific domains rather than software design, for achieving the goal of
understanding a common problem, and provide a solution. Such is the case of image
analysis, in which shape, color, and texture patterns are identified in order to allow
recognition of objects, resulting on the implementation of algorithms for facial recognition,
border detection and object tracking, to mention a few [Sama92] [Gols90] [Yilm06].
Likewise, in domains like the educational one, learning patterns are a valuable tool for
characterizing learning styles, and therefore define strategies to allow better understanding
and acquisition of information by the students [Verm04].

Similarly, for the domain of rehabilitation, the proposal of patterns to describe common
conditions or impairments, along with known solutions or strategies adopted to attend
them, may support the design of therapy programs. Examples of works addressing the
definition and analysis of patterns for physical and cognitive rehabilitations are [Hara00]
[Cicc84]. Works addressing the definition of patterns for supporting auditory rehabilitation

were not found.

2.5. Evaluation

Once Software process activities are defined and performed, it is necessary to drive an
evaluation in order to determine if the process successfully allowed the development of a
product, and to confirm that the developed products meet the requirements that were
gathered on the earlier stages. Those evaluations are in fewer words, V&V: verification of
the process and validation of the product, and may be performed at the very end of the
execution of the process or at each stage, in order to check the different internal and
external products (i.e. documents, components, designs, and code, among others)
[Kung08].

On one hand, verification consists on checking that the developed application meets the
specified requirements, and is related to software quality, while on the other, validation is a
sub process that allows to check whether the application specification is aligned to the

users’ needs, and is related to user satisfaction [Kung08] [Pare08].
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Verification involves activities such as testing and inspection, and may be supported by the
usage of checklists and traceability matrices, while validation is a more subjective process
that consists mainly on make assessments of how well the developed application satisfies
the real needs of the users, and it includes activities for modelling requirements and
evaluation with users, among others [Wall89] [Kung08].

Since the beginning of a software project, it is necessary to establish metrics [Fent00] for
carrying out both, validation and verification, taking into account the nature of the project
itself, the products that are expected to be developed, the desired level of quality, and the
available resources for this measure. Examples of metrics for evaluating a software
process are: invested time, generated documentation, reusability of the product, and
satisfaction of requirements rate, among others; while for measuring the quality of software

products, usability, user experience and functional testing may be carried out.

2.6. Serious Games

In several contexts such as healthcare, military and educational, games have been applied
as a way to improve skills and for training professionals [Arnal3] [McDo06] [Gros07]. This
type of games are called serious games [Abt87] [Mich05] [Breul0], and may be either
digital or not. Despite the fact that the concept of serious games itself, might be considered
as an oxymoron since “Games are inherently fun and not serious” [Newm04], many works
have been conducted in the field addressing the development of serious games, always
considering fun as a main component of them [Ritt10].

To define a serious game, [Zyda05] begins by defining a game as a physical or mental
challenge, that is played according to specific rules, with the objective of amusing or
entertaining the participant. Then, continues to build the definition of a videogame as a
mental challenge that is played through a computer according to certain rules for
entertainment, fun or to achieve a goal. And finally, provides the definition of a serious
game as a mental challenge, played through a computer according to specific rules, which
uses entertainment mechanisms to achieve training or capacitation goals.

The interest on the usage of serious games for rehabilitation lies on the fact that is has
been demonstrated that they increase motivation towards therapy sessions, which
represents a major problem due to the repetitive nature of exercises [Regol0].

Note that in the context of this particular work, when serious games are mentioned, it is

done as a reference to videogames for the purpose of rehabilitation.
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Concerning serious games design, an effort has been realized by several authors, in order
to abstract components that lead to the definition of a guide on what to be aware of when
developing a game with these characteristics [Aldr09] [Detell]. However there is not yet a
consensus on the components or elements that should be considered when performing
design and implementation, Table 2.2 presents some of the design elements that are
usually taken into account for the development of games [Aldr09] [Detell] [Tayl02]
[Sale04] [Sanc09].

Table 2.2 Game design elements in the literature [Aldr09] [Detell] [Tayl02] [Sale04] [Sanc09].

Game Design Description
Element
Characters The definition of characters allows user engagement to the game, and

provides the possibility to define actions. Helps improving the player

experience. Considers both, player and non-player characters.

Narrative The rationale of the game described in a narrative way, promotes the
description immersion of the player, helps to define the needed resources,

characters, game mechanics and challenges.

Challenges The definition of challenges to be faced during the gameplay, gives
the player the opportunity to try his/her skills and to compete either

with a partner or with the game itself.

Type of view Determines the level of immersion that is decided to use in the game.
The most used point-of-view perspectives for gameplay are: first-
person, third-person, third-person trailing, overhead, and three-fourths
isometric.

Constraints Constraints determine characteristics of the challenges (e.g., limited

time or resources, competitive and sequential activities).

Rewards Establishing a reward system (e.g., points, badges, levels, and
leaderboards) allows improving the player experience and motivating

him/her to achieve a goal.

Punishments As with rewards, the establishment of punishments, such as a
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decrement of points, and losing a life in the game, motivates the user

to achieve a determined goal.

Interactive The definition of interactive elements supports the immersion of the
elements player on a virtual world. Their definition helps to design player tasks.
Feedback For each action performed by the player, the game provides a

reaction. In this way, the user is aware of the consequences of his/her
acts on the game and an appearance of continuous dialog is given to
him/her.

Moreover, Longstreet & Cooper [Long12] proposed a conceptual guide for development of
serious games to support higher education, their conceptual definition includes most of the
design elements reported on Table 2.2, but a structural notation was not provided and the
relationship between the involved elements is only explained in a narrative manner,

making its reutilization complicated.

2.7. Serious Games for Rehabilitation

Several authors had been working addressing the problem of development of serious
games for rehabilitation [Scholl] [Burk09] [Langll], however, as mentioned in the
Introduction chapter, the main goal that is pursued with this work is not only to develop a
tool to support the process of auditory rehabilitation, but to provide a guidance for
developers and designers to ease the implementation of that type of software applications.
Therefore, analysis on the already existent serious games and its development is only
carried out in order to abstract and determine characteristics that this proposal must
consider.

Most of the serious games that were found on the literature are aimed to provide a solution
or auxiliary tool for physical rehabilitation. In this regard, the proposal of [Burk09], attends
upper limb rehabilitation for patients that had suffered a stroke, by delivering a series of
serious games for different platforms, starting from the premise that these games, may
support the rehabilitation process by increasing the motivation of the patients towards the
therapy activities. For the development of the serious games, it is no reported that the
authors followed a determined methodology nor software process, but they did consider

the inclusion of game design elements such as those that were reviewed in Section 2.6 i.e.
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Challenges design, scoring mechanisms establishment, simulation environment definition,
punishments and rewards description, and feedback providence. In this proposal,
evaluation was performed via usability testing, reporting a positive feedback by the users
towards the usage of the given serious games.

Moreover, the work in [Schol11], reports the development of a serious game for supporting
the rehabilitation of patients with chronic pain of the lower back and neck. To this purpose,
the authors use hardware for tracking the patient's movements and bio signal data, and
Unity as game engine. In this proposal, some of the game design elements that were
mentioned in Section 2.6 are used (Actors identification, feedback providence, rewards
and punishments description, actions description, and narrative description), but it isn’t
reported that a process model was followed for the implementation of the serious game.
An evaluation was driven in terms of user experience, throwing that the users found it
enjoyable to use the serious game, and evolution of the rehabilitation program, getting
positive results after 4 weeks of usage.

Also, in the proposal by [Langll], a software tool was developed with the aim of
supporting the process of physical impairment, specifically for balance training of adults.
The proposed solution relies on the usage of hardware for tracking the user's movement,
and software to work as a game engine to enable the development of a tool for its
particular objectives. Although it is not explicitly said that a process model was followed for
the development of the application, it was declared that the product was elaborated as a
prototype which may mean that a prototype construction process model was considered
but not software engineering documentation was generated. The evaluation section was
focused on the contribution of the developed serious game towards the rehabilitation
process, concluding that valuable positive input was provided by users and therapists, but
usability test must be performed to determine the feasibility of the application of this type of
tools on rehabilitation programs.

When it comes to auditory rehabilitation, there are also proposals reported on the literature
[Loail3] [Lv15], as well as others available for their download through mobile application
stores or websites. Table 2.3 presents a comparison of some of the found applications in
terms of if it is reported that a process model was followed for their development and the

design game elements from Section 2.6 that are on them encountered.
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Table 2.3 Comparison of found applications in terms of compliance to a development process, and of
game design elements usage.

Phonological

o Speech Apraxia - Early | Naming therapy Awareness:
Characteristic ) ] ) ] .
essentials intervention 1 Lite Rhyme Time
Picture Match-up
Reports to be
developed under No No No No
a process model
Available by ) ) _
Android Play Android Play http://www.quia.co
December, 2015 Apple App Store
A Store Store m/mc/334099.html
a
A robot as
Characters non-player None None None
character
Narrative
N None None None None
description
Find words in
a word search ) Guess the name
Recognize ] |
puzzle, ) of a determine Find and relate
words, images ) ]
Challenges memory ) object that is words that rhyme
. and geometric ]
game with presented in an from a set
: shapes )
images and image
sound
) Table top ) _ _
Type of view ) Table top view Table top view Table top view
view

Constraints

Not declared

Figures are
supposed to be
set according to

geometric

shapes

The user is
supposed to
name the objects
that are

presented in

Not declared




images. The
correctness is
evaluated by the
therapist, not by
the app
Score
_ Prompt to tell one
Score mechanism, o
Rewards _ Reward sounds the user finished
mechanism reward sounds
) the game
and images
) Punishment
Punishments None None None
sounds
Images
describing
Cards with objects, buttons
| Cards with words, and to play sounds _
Interactive ) Cards with words
letters and images that play whether i
elements ] - and images
images sounds once describing the
they are touched | objects or giving
clues about their
names
Images to tell if
Sound, and Sound, and |
the selection
Feedback score score Sound ) )
] . either is correct or
mechanism mechanism |
incorrect

As it may be seen in the comparison, the available applications, as well as those found on
the literature, as a general fact do not report to were developed by following a process
model. This may result in lack of documentation, difficult reutilization of resources for
further implementations, and uneasy testing. It was also found, that most of the
applications certainly address game design elements that were described in Section 2.6,
but none includes all of them, especially the narrative description, actors, and

punishments. This leads to conclude, that most of them are not actually serious games to
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support rehabilitation, but applications for rehabilitation that include some gamification
[Detell] characteristics.

2.8. Towards the Enrichment of a Process for Developing

Serious Games to Support Auditory Rehabilitation

As a first step to enrich a process with concepts, tools, and definitions, it was decided to
assist to speech therapy sessions in order to observe and understand the necessities of
the potential users towards an application to reinforce what is practiced with the specialist.
Then, as a result of the observation and through the interview with the speech therapist,
requirements were gathered for designing and developing applications and gain in this
way experience in the tasks involved.

In this exercise for the identification of activities, 8 engineering students participated for a
period of a month, by analyzing a series of requirements, interpreting them, and then
following different approaches according to their skills, developing 3 software applications

out of 5 that were required, and which screenshots are shown in Figure 2.9.

Figure 2.9 Screenshots of the developed applications as a first approach.

From the observation of the followed processes and delivered products, it was possible to
notice that even though the instructions were to develop serious games, none of the
produced applications included the definition of challenges, the description of actors, the

establishment of scoring mechanisms, nor rewards to be given to the user. For this, it may
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be consider as necessary to provide the development team with guidelines for adding
game design elements for successfully meeting the requirements.

Also, during the experiment, it was possible to see that in absence of a clear definition of
minimum required documentation, some of the developers invested most of the time trying
to find out useful generic software development process models, techniques,
methodologies and tools, while some others skipped early design stages since they
reported to think that the given time to accomplish the whole project was very short,
resulting this on poor project planification, and later, on projects that weren'’t finished.
Hence, it was possible to conclude from this, that if well the usage of a generic software
development process model worked fine for achieving at least in a partial way the
objectives of some projects, a process model enriched with HCI, rehabilitation, and serious
games design concepts, may be needed for accomplishing them completely. In
compliance to this idea, Chapters 3 and 4 present the proposal of this work along with its

description.
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3. SEGA-ARM: A Metamodel for the Design of Serious Games to
Support Auditory Rehabilitation

One of the objectives that were presented on the introduction chapter, consists on

proposing a definition of modeling elements along with their relationships and rules in

order to enable the creation of semantic models, that may later result on the design of

serious games with the purpose of supporting the process of auditory rehabilitation,

meaning by this, a metamodel [Koch03] for the design of serious games to support

auditory rehabilitation. Thus, in this chapter, a metamodel (SEGA-ARM) is proposed,

considering for its definition concepts related to context, auditory rehabilitation, planned

therapy, performed therapy, and serious games design elements.
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The proposed metamodel, shown in Figure 3.1, is divided for its better comprehension and
usage into three packages, presented in Sections 3.1, 3.2 and 3.3, and an extension
introduced in Section 3.4, each one of them identified by a different color and name, and
designed to contain elements that support the design of serious games for auditory
rehabilitation. In the rest of this chapter, SEGA-ARM is described in detail and explained
through a case study of a serious game design for supporting the rehabilitation of a patient
with an auditory disability.

The case study consists on a scenario in which the design of a serious game is required in
order to support the therapy sessions conducted by a speech therapist for a six year old
male patient diagnosed with deep bilateral hypoacusia who has recently received a
cochlear implant. The therapist has already performed tests over the patient to determine
his exact condition and counts on a full record describing his capabilities towards hearing
and speech skills. The intention with the required game is to extend and complement the
therapy sessions that the patient already receives with sessions conducted by himself in
his home as those suggested in [Ittl12]. The language therapist wants the game to
reinforce one of the therapy activities that the patient finds to be repetitive since it has to
be performed in almost every single session.

Figure 3.2 Example of an exercise to be considered as part of a case study.

The exercise consists on that the therapist chooses a series of phonemes sharing a

consonant (e.g., ma, me, mi, mo, and mu), write them down on a notebook as shown in
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Figure 3.2, putting the consonant on one column of the page and the vowels in another
next to it, then asks the patient to pronounce each one properly while connecting the
consonant with the vowels with lines, and then repeat this task several times and with
different phonemes. This activity is designed to be performed in approximately ten minutes
and also considers phoneme visual recognition by the patient. It is also known by the
therapist that the patient has a 10.1” tablet with Android 4.2 OS. The information that the
specialist possesses has been structured in terms of the here proposed metamodel as a
way to facilitate the communication between the speech therapist and the game

development team.

3.1. The Context Package
Shown in Figure 3.3, the context package was designed to understand the Context
[Calv03] in which the user interacts with the system, and to provide the developers with a
brief description of relevant characteristics to make decisions about what interactive
modality to implement, and resources selection among others. The Context is identified by
an id and a descriptive name, and formed by an Environment, a Platform and a user
(Patient).
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Figure 3.3 Package of SEGA-ARM for expressing the context.

The Environment describes the physical place in which the interaction occurs. For the
specific domain of this work, it is necessary to point out if it is noisy or not, and to give it a
name, an id and a type (i.e., exterior or interior).

The Platform definition is carried out to determine the characteristics of the device that is
going to host the application, and is formed by a SoftwarePlatform and a

HardwarePlatform. The SoftwarePlatform represents those characteristics relative to the

33



software in the hosting platform i.e. operating system name and version, as well as the
speech recognition/synthesis software on it installed, while the HardwarePlatform class
defines characteristics regarding the hardware of the hosting platform and relevant to the
domain, such as the possibility of using sound outputs, voice inputs or a camera.

In our example, the context in which the therapy sessions take place is defined by a
therapist’s office as a non-noisy, interior environment, has not platform and the user role
on it is taken by the patient, meanwhile, the context of use of the application that is
intended to be developed, is composed by the patient's home as non-noisy interior
environment, a 10.1” tablet with Android 4.2 (Jelly Bean) operating system, audio output,
voice input and camera usage enabled, with android speech recognition/synthesis
software as platform, and the patient as user. Note that even though the characteristics of
the context must be taken into account by the serious game’s designer; the implemented

solution may work under other similar contexts as well.
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Figure 3.4 The static part of the therapy package of the SEGA-ARM metamodel.
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3.2. The Static Part of the Therapy Package
The purpose that is pursued with the design of this package that is presented in Figure 3.4
is to provide the speech therapist with a semiformal notation to express the characteristics
of a therapy plan, keeping that information structured in a way that results understandable
for serious games designers. The definition of this part of the model was inspired mainly
by the work done in [Kakl13] for modeling a Virtual User, extended to allow the expression
of a full auditory therapy session program, and enriched with concepts found out to be
relevant for patients of auditory rehabilitation on the literature [Chin12] [Lend07] and
through the attendance to speech therapy sessions.
Abstracted from the full capability model [Kakl13] presented in Figure 3.5 that describes
physical, cognitive and behavioral user characteristics, for the specific domain of this work,
the CapabilityModel presented as part of this paper, only considers the elements related
to speech and hearing.
The only parameter in the Hearing container is the Ear that in turn acts as one for the
values related to each ear of the user: ResonanceFrequency and HearingThreshold.
The Speech container includes Voice and Prosody elements. Voice elements include
Pitch and Loudness, each one with its measure units and values; while Prosody is
formed by SpeechRate, VoiceStress and Phrasing.
A DisabilityModel [Kakl13], that is presented in Figure 3.6, allows the description of all the
disabilities of the user as well as the affected by them tasks. For each disability, a name
and a type (e.g. motor, auditory, and vocal) must be provided, and it is related to affected
tasks. For a determined DisabilityModel, a Theoretical Therapy may be proposed.
A TheoreticalTherapy is a full rehabilitation plan and consists of a certain number of
sessions and a series of theoretical activities. A TheoreticalActivity is in turn, a series of
actions with a common objective to be performed by the patient either using or not
PhysicalResources (e.g., a mirror, sticks or cards). The planned duration, objective and

description are attributes of a TheoreticalActivity.

35



- || generalPreferences EW:".MMY | (= Q isualAcuity =) Q i linformationProcessing
‘r Aadal Ei )" - —
P2 SR B R = chortVal 0.1 0.1 0.1
Eap P C b 0.1 0.1 [ blindSpotOpacity 0.1
g unsuitableOutputModality 1‘ 8 > —pmrn = valence 5 physiok 1
microphoneVolume I blindSpotArea 0.1 1 | e ls:-mmva'uc =] behavi ~ =
outputVolume —_ g leftRight 1 t1:; | S/l I 101 e
brightness Eg minValue 1 5
55 - 21
ackgroundColour S oeiué 0.1 0.1 Qmﬁm =] Eburhgﬂruhdd
contentContrast oI ear = 5
1Siz 1. 1 | E§ measureUnits
fontSize Elblindspotsize | g leftRight £ value
fontColour ’I'jl minValue ! vision - 0.2 1 * | &g frequency
‘s pmnte:xlt | gender Eg maxValue = hearing 1 ! & frequencyMeasureUnits
&g pointerColour 0.1
0.1 1 T .
= § 1 ", 1 I resonancefrequency L visuospatialAbilities
= p 0.1 f Q(mk 1
g steplength [ ageGre 1 1/ general i
5 stepWidth = 1 I cognitition < 0.1 ] perceprtualAbilities
(5§ strideLength 01 y 1 > ‘
(g footContact 2 1 = spinalColumn 1 0.1
g gaitCycle 1 1 = mem
[ cadence =l motor 0.1 0.1 sl
5 velocity 02l 1 1 £ :
Lo g 3 1\
e I \
) 1 | = upperlimb \ | e D L leftLateralRotation
,.Q—.—— bz | Eg leftRight | I externalRotation i~ L £ measureUnits
[Eg measureUnits { ! - > ! - Val
- T — 5 measureUnits 0.1 | E@minValue
e maxValue 1 ;
AN E Q%‘d& EgminValue 1 ~ Eg maValue
A 0.1 5@ maxValue = \\*—,v 1
= oA o 0.1 = leftlateralFlexion
| o [Eg measureUnits
[ 5§ minValue
1 X 0.1 ! axVals
1 3 0.1 [E§ measureUnits g measureUnits i '\\ B Value
1 i - minValue [Eg minValue = S
v e Eg maxValue o ; l £ maxvalue _—g'""-_—_ oraiot
e ha V| 0.1 & S EEeeeeeaaa—a [ measureUnits
gmsi\s’u{wnm - \ 1 e 5 (o 1 g minValue
minValue t . e e - il axValue
- I = knee 1 0.1 | thigh . . 5 maxValue
(g maxValue 4 Ly = " 011 0.1 1 | [ ! speech | =
. 1N\ I B 1
3 " 7 0.2 0.1
A 0.1 !
Q,_______, 0.1 Dl flexion 0.1 | : I
(£ measureUnits | 4 1 1 1
Eg minValue (Eg measureUnits : ] |
EgmaValue 0.1 | E@minValue 0.1 PR | W‘Eltm«u-b |
0.1 £ maxValue 0.1 1 0.5 (5 leftRight
. ElfootToe | . T oy
0.1 "= faat & [
footToelD |
) Units el - ’ ) ( & %
E@ measureUni == 1 —
(5 minValue E hand e - r— \ 1 L o =
EgmaValue l 2 L internalRotation ) i P ” m—
——— =, 1 = Unity 1~ 0.1 1 Elnip it [ == - |
o 0.1 ¥ A~ 1 EgminValue | 01 1' i | - 1 g I T—
extensionA \ 0.1 Eg maxValue | I ankle = SRy
[y measureUnits | O.F. g - Vh- 7.;;.‘ | \ | 0.1\ Emm
(g minValue b ﬁ’“}ﬂ ~ep—— 0.1 oy T e
g maxValue g o ksl Ep g | s 0.1 - 1 11 = S
minValue B e Un — el = -
— o minvele | [Eameasurenis | i s " dorsiflexion | 'Y plantarFlexion | inversion
= I =] Ca ] & nits | | Units | & j
| [ . minyet = s nits
(5 measureUnits g ﬁ = i F: maxValue @ minValue &g minValue E§ minValue Eg minValue
[Eg minValue - £ maxValue | | EgmaValue | | Eg maxValue 5§ maxValue
5 maxValue 1 e ~— X 1 s
Ty L T —— £ flexionc | b | hypert = hype
. | = — =Gt —
£ flexionA - Eferon | B ey 11 Units G measureUnits
- ~— 3 1 5 || g measureUnits HEg = Init
(5 measureUnits __ﬂg & extensionf}y Iﬁm;nMnm Q:E’:;V:Iue } lQ‘mMue Eghrinvalue (5 minValue
g — - [ i Ea Unit | £ maxValue Eg maxValue | | B maxValue £ maxValue
£ maxValue g '""\;"l"u""’ g minValue [Eg minValue maxValue ] L
minValue ! —— r
5 maValue EgmaValue | Egmadvalue | Bl [ bideltoidBreadth
=T Mingheon | e init ClankieHeight || ElhipBreadth | | Slicnceeightsitting
Q ~ [lheadBreadth ; IE_;m:uunUnits | g value & e .‘q Units | & Unit
T B2 51 o1 tg
E stature E’amusureu:m L‘?m;a‘ureUmt. ‘ Egvalue Egvalue g value Eg value
L weight g measureUnits Eg value e | wouliume 5 attributel — — =
<ureUni g value 0.1 0.1 0.1 0.1 0.1 L thighCircumference
Emu.ure nits 0.1 @ measureUnits 0.1 01" -
& value Egvalue l’a m:a:ureUnm
N\t . Cavalue
L 104 1 0.1 g s v 0.1
e % e lowerLimbAnthropome 1 ~
preﬂ-blmhmpo-etrk 0.2 1 J Qlﬂhmle'ﬁ( 1 B gt Ebﬂ“mnﬂlm
g leftRight 1 0.2 9 1 01 (5@ measureUnits
1, a > 8 \ % | Egvalue
0.1 19 1 1 1
; 3 3 e 0.1 €
L shoulderElbowlength =3 fbrearmHandLengfhl = bicepsCircumferenceRglyred |  forearmCircumferenceflexed | = footlength *1 L footBreadshy = calfCi
£ measureUnits . Inits Units - [ measureUnits =3 Units | | Eg Units | Eg Units
g value = Egvalue g value g value g value g value

Figure 3.5 Full capability model describing physical, cognitive and behavioral user characteristics from
[Kakl13]
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For our case study, the disability and capability models correspond to the diagnosis that
was realized by the specialist in speech therapy. The disability that was encountered is
deep hypoacusia, and the affected tasks by it, are hearing and speaking. For the capability
model, in the hearing branch, the patient presents hearing thresholds of more than 90 dB
nHL for frequencies of 1000, 2,000 and 4,000Hz in both ears; and a resonance frequency
between 800 and 1,200Hz. For the speech branch, the patient's voice was measured,

getting as values for the pitch 250-300Hz, and 73dB for the maximum loudness.

affectedTasks 0.1 disabilityModal

i 2

affectedTask disability ] 5 =
d type {:}_ isabilityDeta
.t}pa - Name 1
=N
-taskObject
-details
=failurelevel

Figure 3.6 Disability model from [KakI13] .

The prosody was also analyzed, obtaining for it typical results for a patient of the age and
condition as the previously described. Corresponding to the identified disability, a
rehabilitation program was designed comprising approximately 300 hours, to be provided
in half an hour, two times a week sessions. One of the activities to be performed by the
patient consists of repeating a series of phonemes in a determined order. The therapist
mentions a phoneme and expects the patient to repeat it. If a phoneme is not correctly
pronounced, the therapist reinforces its pronunciation and motivates the user to try again.
The objective of the task is to improve the patient’s pronunciation and to get him/her used
to repeat the sounds that he/she listens to. For this particular activity, only a notebook and

a color pencils are used.
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3.3. The Dynamic Part of the Therapy Package

In order to represent the current progress and performance of the Patient towards the

therapy program, and to provide the development team with a structure to understand how

to evaluate patient’s activities, the dynamic part of the therapy package, show in Figure

3.7, was created. This package contains then the Patient class, with an age attribute and

related to a PerformedTherapy which reports the number of completed sessions and

groups objects of type PerformedActivity.

h

CrymamicP 2nOf The Theragy

o

FPatient

records advance

-age : Inleger -

Lo W]

Performed Therapy = hased on

-sesmonslompaied | Integer

.

1 Perfo e ctivity

8 et Achieved - Fioat

-Diusation @ Fioat

= based on

i |
Metric
-meagureling 1 Stnng  [{_*

1-*|-value : Float q::;-—,l—r{angt'a i : Soript

Parameter
-name © Sinng
~descriphon : Siing
~atal ype © Stang
-dataStruchee : Strucire

-formula : Sinng -value : Float
-t @ Sirng
Tinne Distance Walume
Position Maenvement

Figure 3.7 Dynamic part of the therapy package of the SEGA-ARM metamodel.
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A PerformedActivity is based on a TheoreticalActivity and its main goal is to keep a
record of the advance presented by the patient while performing a given activity. In order
to allow the evaluation of a PerformedActivity, a Metric class was also defined. Metrics
allow the use of a formula in order to compute a value and to express it on a determined
measure unit (e.g., centimeters, seconds and decibels). For the evaluation of a formula, a
series of Parameters i.e., criteria to be used while evaluating, may be defined. There
could be nested metrics since some formulas may need some others to be previously
computed in order to take values from them. Metrics in this domain may be useful for
measuring among others, tongue movement (i.e., tongue tip position, tongue vibration, and
tongue position), lips movement (upper lip movement and lower lip movement),
pronounced phonemes and blow action.

In the context of the case study, the performed therapy and performed activity classes
keep track on how the patient is evolving and advancing through the therapy program and
their involved values are constantly updated.

The metric to be used for the specific theoretical activity previously described, consists on
evaluating how a phoneme is pronounced by the patient, recognize it and compare it to an
expected phoneme passed as parameter according to a specific tolerance, using for this
purpose the formula represented on Figure 3.8 where the pronounced by the patient
phoneme (pp) is compared to the expected phoneme (ep) and then, if the distance
between them is smaller than the tolerance value (t), the utterance from the patient is

accepted as correct.

Recognition = distance(ep, pp) - t

Figure 3.8 Metric for evaluating if an utterance is recognized.

The process of definition of metrics may be supported by the creation of rehabilitation
patterns that describe common activities. Examples of this type of patterns described by
following the notation of design patterns mentioned in Section 2.4, are provided in Table
3.1 and Table 3.2.
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Table 3.1 Facial praxia pattern description.

Pattern Facial praxia

Context Speech therapy session

Problem The patient presents lack in facial mobility that is required for emitting sounds
and words.

Solution Muscular exercises are designed with which the patient may recover mobility
and agility.

Purpose Provide the patients with exercises for acquiring basic skills for emitting
sounds and pronounce words.

Motivation In the observed therapy sessions, different activities are carried out with the
purpose of helping the patients to develop skills. One of these activities,
consists on the repetition of muscle exercises called praxias, and pursues the
goal of improving the patient’s flexibility and ability for emitting sounds and
pronouncing words.

Applicability Use the facial praxia pattern for:

- Proposing muscular exercises imitating the movements that are realized
while emitting sounds.

- Presenting a series of movements to a patient to allow him/her to develop
skill on the disposition of facial muscles.

Examples l'

Actors Speech therapist, and patient

involved

Consequences | Development of skills for articulation and emission of sounds and words.
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Table 3.2 Blowing activity pattern description.

Pattern Blowing activity

Context Speech therapy session

Problem The patient cannot successfully emit sounds and require exercises to help
him/her to moderate the air emission and facial muscle disposition for this
effect.

Solution Exercises with which the patient may reinforce his/her capability to manage the
air into his/her mouth, increasing the ability to emit sounds and pronounce
words.

Purpose That the patient develops the skill for modulating the air emission that is
needed for phoneme pronunciation.

Motivation Some phonemes are mainly differenced by the speed and the way in which the
air is expelled from the mouth. This task may be controlled by exercising the
disposition of facial muscles, and practicing how to inflate balloons, moving
light balls, turn off candles, and blowing whistles.

Applicability Use this pattern for:

- Providing the user with an exercise to improve the management of the air
that is expelled from his/her mouth.
- Showing the user the differences when pronouncing phonemes.
Examples N ¥
!
Actors Speech therapist, patient.
Consequences | Development of the skill of air emission and phoneme pronunciation.
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3.4. The Serious Games Extension
In attention to the aim of this work, an extension, presented in Figure 3.9, to the therapy
metamodel for considering serious games design elements was elaborated. For the
proposal of this extension, the design elements introduced in Section 2.6 are taken into
account. The intention on the definition of this extension is to provide developers with a
tool for passing from a narrative description of a game to a semiformal structure that may
be related to the one of the core metamodel. A SeriousGame is composed by Mechanics
to record the player progress and to manage the punctuations, one or many instances of
the Character class to define players as well as non-player characters (NPC), and

SimulationGameElements such challenges, rules, scenarios and interactive objects.

SeriousGameExtension
SerlousGame
Mechanics
-playerProgress : Float 0. SimulationGameaElements
-points ! Float 8 1.7
I
| ch 10 Qn..'
-id ! Integer
Non-PlayerCharacter -role : String 1.* A
-name : String SimulationE nvirenment Challenge
Player -relationToPlayer : String 0.* _typeOfview : String -id : Integer

-nam : Strin.g -gender ! String 1.* -gameSituation : String -description : String
-gender . String =cutural Info ; Culturalinfo Resource

- 0. 0.*

-id : Integer

performs axecutes -typeOfResource : Sting 1.7
-LRI : String Constraint
Actlon ey
= 1.+ -id : Integer
-Id.. Integer " -description : String
-trigger : Event 0. -isTimed : Boolean
-description : String used by InteractiveObject -hasL imitedResources ! boolean
-duration : Floa_t . -interactsWithPlayer : Boolean 7.0 -hasRewards : Boolean
-consequence ! Script w - -hasPunishments : Boolean
= T -isCollaborative : Boolean

Figure 3.9 The serious game extension package of the SEGA-ARM metamodel.

A Character object represents an entity that realizes actions. These instances can be
either a Player or a Non-PlayerCharacter, and need Resources in order to be properly
displayed. For the definition of NPCs, it is necessary to give them a name, decide the
relationship that they maintain towards the Player, and when possible, provide their
gender and cultural information e.g. language, nationality, degree among others [Long12].
In order to handle events on the game and describe their consequences, it was necessary

to define the Action class. An Action is represented by an event (e.g. key press, click,
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tap, recognized word or movement, or scripts) that triggers it, along with a description,
duration, and a script to execute as consequence. Actions are performed by Players or
executed by NPCs and may whether use or not an InteractiveObject that are in turn,
objects that belong to the SimulationEnvironment and are created to support the game

interaction, for instance, the scenario, the floor, and colliding objects.

Figure 3.10 Result of the User Interface for the Froneme the Frog serious game.

The SimulationEnvironment description contemplates the definition of a type of view
(e.g., first person, third person, or isometric) [Tayl02], and helps to hold the game situation
i.e. level, state, and maximum amount of errors [Sale04] in a narrative manner. Finally for
this package, a series of challenges has to be designed to represent the goals that are
pursued while playing the game. A Challenge consists of a description and is composed
by at least one Constraint. Constraints may include one or several conditions (viz. time,
limited resources, rewards, punishments, and mandatory collaboration).

For the given case study, considering the description provided by the speech therapist for
the context, theoretical and dynamic packages, the serious game designer proposes to
elaborate a game with the characteristics that are presented in Table 3.3 and which

resultant user interface is shown in Figure 3.10.
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Table 3.3 Characteristics of the designed serious game Froneme the Frog

Game name Froneme the frog.
Froneme the frog is in the edge of a river looking for food to eat. In order to
go find it, he has to jump between leaves avoiding to fall on the water. To
Narrative perform a jump, the player has to identify the phoneme associated to the
description destination leaf and pronounce it. If the player is unable to provide a correct
utterance, Froneme falls down into the water and therefore the game is
over.
Player The patient represented by a frog.
i Mosquitoes representing Froneme’s food; leaves to allow Froneme jump
Interactive ) . )
- from one to another identified by a phoneme; water that has to be avoided
objects

by Froneme.

Player actions

Eat mosquitoes by landing on the leaves that they are on, jump from one
leaf to another by pronouncing phonemes, and fall down on the water if not

correct utterance is provided on the given time interval.

Simulation

environment

The game is designed with an isometric type of view, and the following
game situations: Froneme in the border of the river (initial state of the
game), Froneme on a free leaf, Froneme on a leaf occupied by a mosquito

(eating), and Froneme falling on the water.

Challenges

The challenges involved in the game are the following: jump from a leaf to
another pronouncing a correct phoneme, jump from a leaf to another within
a determined time interval (time limit) to earn points (reward), or let
Froneme to fall into the water (punishment); choose a leaf to jump on from
a series of provided options (limited resources) and if there is a mosquito on

the selected one, earn a bigger amount of points (reward).

Mechanics

For each time the player takes Froneme to a valid leaf, 10 points are going
to be added to the budget, If there is a mosquito on the occupied leaf, ten
extra points should be added. The time available for producing the
phoneme is five seconds. Time and punctuations are recorded and

reported.
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It is important to point out that the definition of some of the game design elements was
achieved through the establishment of relationships between the therapy packages and
the serious games extension (e.g. TheoreticalActivity and the Action). Next section
emphasizes this characteristic of SEGA-ARM along with others that had not been yet

addressed.

3.5. Discussion on the Metamodel

As it may be seen in Figure 3.1, there are relationships between the therapy packages and
some of the serious games design elements extension classes. These connections allow
the developers to know where to extract information that is supposed to be represented in
the game, and how to present it. Punctually, there are relationships between: the Patient
(Dynamic part of the therapy) and the Player (Serious games) to remark the fact that the
patient has to be considered as the player and to get some information from his/her profile;
the PerformedTherapy (Dynamic part of the therapy) and the Mechanics (Serious
games), to track the advance of the player through the game and give a feedback for the
therapist; and the TheoreticalActivity (Theoretical part of the therapy) and the Action
(Serious games) in order to understand the tasks that the patient is supposed to perform
while playing the serious game. It is also important to point out that three levels were
considered while modeling the therapy: (1) the patient (capabilities and disabilities), (2) the
therapy program (theoretical therapy), and (3) the involved activities to meet the plan
(theoretical activity). Each one of those three levels has equivalence on the dynamic part
of the therapy in order to keep track of the advance and performance of the patient
through the therapy.

When compared to the proposal in [Longl2], this metamodel has the advantage of
providing a semiformal notation which may be used in a methodological process as a
conceptual guide for achieving the goal of expressing and therefore implementing serious
games for a specific set of therapy activities. Along with its description, it also allows
identifying the actor that is supposed to fulfill the different classes and attributes, and
provides a definition of the relationships that exist among them. However, in this paper the
use of knowledge bases and taxonomies is not considered resulting on the lack of a
repository of activities to provide to the developers.

One of the aimed advantages of this proposal is reutilization, and in order to demonstrate

it, a second instantiation of serious game, called Roberto the robot, was realized in which
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the very same definitions of the described case study for the context and for the static and
dynamic parts of the therapy packages are taken into account, varying only the serious
game extension elements and therefore creating a different serious game but for the same

rehabilitation purpose.

Figure 3.11 User Interface of the Roberto the Robot serious game.

For this second game, a character representing the player called Roberto the robot is set
on a scenario representing the moon's surface looking for pieces to assemble a rocket to
return to the Earth. In order to find them, he has to run and jump over rocks avoiding
hitting them. To perform a jump, the player has to pronounce a required phoneme. If the
player is unable to provide a correct utterance, Roberto hits a rock and finally after 5
impacts, falls down.

The interactive objects are: small rockets representing rocket pieces, and rocks that have
to be avoided by the player. The player actions are: to take rocket pieces by reaching
them, to jump over rocks, to hit rocks if no correct utterance is provided on a given interval.
The game was designed with a third person type of view, and the following game
situations: Roberto on the surface of the moon, Roberto jumping over a rock, and Roberto
reaching a rocket piece.

The challenges involved in the game are the following: jump over rocks pronouncing a
correct phoneme (limited resources) within a determined time interval (time limit) to earn

points (reward), or hit rocks and fall (punishment); and if a rocket piece is reached earn a

46



bigger amount of points (reward). As mechanics of the game, for each time Roberto jumps
a rock, 10 points are added to the budget, if a rocket piece is reached, ten extra points are
added. The time available for producing the phoneme is five seconds. On the development
of this game, shown in Figure 3.11, also interface elements from the Froneme the Frog
game were reused.

It is important to note as another advantage of the here proposed metamodel that since
the packages on it included keep a certain level of independence towards the serious
games extension, it is possible to use them, and to define new extensions in order to
design other types of software solutions for auditory rehabilitation (e.g., diagnosis,
tracking, and advising systems). Likewise, by developing models for other domains than
auditory rehabilitation such as educational and military, it may be possible to relate them to

the extension here provided to enable the development of serious games for those ambits.

47



4. A Process for Development of Serious Games to Support Auditory

Rehabilitation

The result of the revision of the available literature, along with the experience obtained by
attending speech therapy sessions, lead to abstract and structure characteristics to
develop applications to support the rehabilitation process. After developing 3 applications
in collaboration with degree students from different universities in Mexico, and reporting
the process that was followed for their production [Cespl4a] [Cespl4b] [Cespl4c], the
characteristics of these processes were considered and enriched with aspects of
rehabilitation, serious games design, and HCI, as established in the Introduction in order to
propose an enrichment of a process aimed on the production of serious games to support
auditory rehabilitation.

A software process definition may include the description of activities, roles, workflow,
internal and external products, methodologies, tools and metrics for each stage or for the
whole thing. The aim of this work is to define for the whole process: a workflow model, a
software development life cycle model, roles, and products; while for the stages on it
involved, to define: tools, products, documents, and roles.

The remainder of this chapter is organized as follows: Section 4.1 introduces the proposed
process, explaining its foundations, the additions that were made to it, a workflow that may
be followed, the stages that are on it involved, and the expected products to be generated.
Sections 4.2 through 4.5 describe in detail the stages that are involved in the proposal, by
exposing their internal products, as well as the tools and/or methodologies to be used to
achieve the expected goals. Due to the nature of the here proposed process, Section 4.6
is focused on integration of the generated components and maintenance of the products.
Finally, in Section 4.7 a discussion takes place in terms of the characteristics of the

proposal, and its advantages and disadvantages.

4.1. General View of the Process
For the proposal, the characteristics of a component based process model [Press05]
[Ning96] were took as base and enriched with game design elements, HCI aspects and
rehabilitation concepts in order to support the development of serious games to assist

speech therapy programs. The main reason for choosing this process model as template
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is that it promotes reutilization of generated components, making it easier to develop
applications lowering the required effort. In this sense, for small projects, less human
resources are needed and time invested for developing decreases. Meanwhile, a bigger
effort is required while analyzing requirements, organizing a repository of components and
in configuration and integration tasks.

Also, the component based process model, offers UML compliance which makes it easier
to develop applications considering aspects that had been already set up in this notation
and that were presented in Chapter 3. Finally, this process model, as most of the others,

includes stages: requirements analysis, design, codification, and testing.

Speech n Integration n

therapist a manager

Requirements () Developer a
gatherer /b

Requirements

Designer -

analyst A g LY
~
Patient A

Figure 4.1 Identified roles involved in the proposed process model.

The proposal is first presented from a workflow approach. To this effect, it is important to
remember that the proposed process is aimed to support a rehabilitation program, and
therefore, it begins from the observation of therapy sessions, in which characteristics, flow
and tasks of certain activities are presented to a resource in the development team who is
playing the role of requirements gatherer. Next, through an interview with the speech
therapist, the observation is complemented, the provided instruments to document the
context of usage and the static and dynamic part of the therapy are filled and functional
and nonfunctional requirements are gathered and detailed. Later, the requirement analyst,
processes the information, an integration manager evaluates if it is possible to execute
integration from components on a repository, and then, a requirements analysis document

is elaborated.
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Once the speech therapist approves the requirements definition, it is possible to start a
design phase. In this stage, a designer takes the requirements document, along with the
filled instruments, and if needed with the documentation of the to be integrated modules,
and model a serious game, taking as reference the provided game elements list, and the
serious game extension from SEGA-ARM (Chapter 3), and generates a hew document,
containing at least a conceptual model, user interface prototypes, and a requirements
traceability matrix. This document presented to the speech therapist for his/her approval.

With the design document released, a developer must perform codification, but before it,
another document should be drafted, including at least a codification standard, description
of the integration from existent components, and once more a requirement traceability
matrix. In this stage, metrics for evaluation of the progress of the patient and to gather

statistics of the usage of the applications are included.
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Figure 4.2 Workflow model of the implementation of the proposed process model.
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Finally, the speech therapist approves the implementation and agrees to use it as part of
the therapy sessions; tests may be performed in terms of usability, user experience, and
performance. Also, once the patient start using the provided game, statistical data may be
gathered to validate it. It is important to point out that it is necessary that each one of the
specified roles exist, but one person may play two or more of them. The identified roles
that take place on the application of the process are presented in Figure 4.1 along with a
graphic representation of them to be used in the illustration of the workflow of the
proposed process that is shown in Figure 4.2.

From the workflow description, it is possible to identify the existence of at least four stages:
requirements gathering and analysis, design, codification, and testing; that are reinforced
with integration and maintenance activities. Also, it is possible to find products that are
supposed to pass through stages and the actors that are on them involved. These
products, and actors, along with specific tasks to be performed on each stage, are
described in Sections 4.2 through 4.5.

Requirements gathering
and analysis |

Design

] Codification

Testing

Figure 4.3 Structure of the process model to promote the development of serious games to support
auditory rehabilitation.

In the workflow model, it was also mentioned that for advancing through the project,
several speech therapist approvals are required, making it necessary to consider that once
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an stage is being performed, it may be possible to return to others in order to correct or
rework elaborated products. The structure of a process including and relating these stages
is shown in Figure 4.3.

4.2. Requirements Gathering and Analysis Stage
The objective that is pursued with the definition of this stage, is to provide the development
team with a phase to understand the rehabilitation domain for which the project is being
carried out, and to collect characteristics of the to be developed serious game, by getting
involved on therapy sessions, and by asking the speech therapist about his/her needs.
For allowing the accomplishment of these objectives, it is necessary to involve several
human resources and to define the tasks that ought to be carried out by them:

e The patient, who has to perform therapy activities as usually, does for his/her
rehabilitation program.

e The therapist, to participate in the to be observed therapy sessions, to participate in
the interview and define the requirements for the project, to help filling the
instruments for analyzing the context, the static part of the therapy, and the
dynamic part of the therapy, to evaluate and approve the generated document, and
therefore to enable the pass to the next stage.

e The integration manager, to analyze the gathered requirements, and to propose, if
there are, components from a repository that may be reutilized in the project.

e The requirements gatherer, to observe the therapy sessions driven in the
therapist’s office, to perform the interview, to fill the instruments for analyzing the
context, the static part of the therapy, and the dynamic part of the therapy, to
deliver a list of functional and nonfunctional requirements.

e The requirements analyst, to review the filled instruments, and the functional and
nonfunctional requirements, organize the information, the integration proposal, and
to elaborate the requirements analysis document.

This stage, as may be seen in the tasks to be performed by the therapist and the
requirements gatherer, involves the usage of instruments for analyzing the context, the
static part of the therapy, and the dynamic part of the therapy. These instruments, which
are presented in Appendix C, were elaborated in compliance to SEGA-ARM (Chapter 3),
to work as a guide and to allow organization of concepts that are essential, for later

carrying out the design phase.
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The internal products to be created on this stage are: report of the observation, report of
the interview, matrix of the identified functional and nonfunctional requirements, filled
SEGA-ARM instruments, proposal of integration of components, and speech therapist
approval. While on the other hand, the only external product is the requirements analysis

document.

4.3. Design Stage
This stage is to consider the approved requirements analysis document, and model the
serious game to be developed, in terms of a conceptual model (e.g. classes’ diagram),
user interfaces prototypes, and according to a game design elements list and the SEGA-
ARM serious game extension.
This phase supposes the need of actors performing specific activities as follows:

e The Designer: to review the requirements analysis document, to elaborate a
conceptual model for expressing the components to be developed, and the
application in general, to model the inclusion of the to be integrated components, to
design the serious game in compliance to the SEGA-ARM serious game extension,
to design user interfaces for the game, to update the requirements traceability
matrix, and to elaborate the design document concentrating all that is created and
updated during this phase.

e The therapist: to review, and to approve the design document.

For achieving the objectives of this stage, a SEGA-ARM compliant instrument for
expressing the serious game design elements, which is presented in Appendix C, is
provided.

The internal products to be elaborated as part of this stage are: the requirements
traceability matrix updated, and the prototypes of user interfaces. The only external

product that is produced in this phase is the approved design document.

4.4. Codification Stage
This stage is one of the most important of the process, since on it the main objective is to
translate the elaborated models, documents, and prototypes into code for a serious game
to support auditory rehabilitation. Other goals involved in this phase are: to integrate the

already existent components, to update the requirements traceability matrix, to elaborate
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the codification document including a codification standard, and to submit the serious
game for the speech therapist approval.
The actors that are involved in this stage and their tasks are described next:

e The developer: to review and analyze the design document, to review and analyze
the integration proposal, to carry out the codification of the serious game according
to the documentation, to define a codification standard, to update the requirements
traceability matrix, and to elaborate the codification document.

e The therapist: to approve the developed serious game, and to evaluate if the
application satisfies his/her necessities towards the therapy program in which it is
going to be included.

e The integration manager: to supervise the integration of existing components
according to the integration proposal, and to document and add the developed
components to a repository.

The internal products to be elaborated are: the codification standard, the updated
requirements traceability matrix, and the documentation for describing the components
that are going to be added to the repository. The external products are in turn: the

codification document, and the developed serious game to support auditory rehabilitation.

4.5. Testing Stage

This stage has as objectives: to implement the developed serious game as part of a
therapy program, to design and apply an evaluation to determine if the product satisfies
correctly the needs of the user, to get improvement opportunities, and to gather statistical
data from the usage of the application for each user in order to determine how much does
the application impact on the performed therapy. This stage may imply, but is not limited
to, usability testing, user experience experiments, quality evaluation, and functional
testing.

The enrolled actors and their activities are listed next:

e Patient: to be instructed in the usage of the application, to use the developed
serious game, to provide feedback (which may result in usability evaluation through
the think aloud technique [Niel02]), and to participate in user experience and
usability experiments.

e Speech therapist: to instruct the patient in the usage of the serious game, to

include the developed serious game as part of the rehabilitation program, to
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participate in user experience and usability experiments, and to provide feedback
(that may result on an usability evaluation through the expert opinion technique
[Mayh99]).

e Requirements gatherer: to participate in the patient instruction in the usage of the
serious game, to gather statistical data from the usage of the application (e.g.
elapsed time, and achieved punctuation), and to report any found issues during the
realization of this stage, to elaborate if necessary, change requests.

During this stage, the internal products that are to be created are: experiment designs,
issues reports, feedback from the user and from the speech therapist, and statistics of the
usage of the serious game; while the external products are change requests, and an

analysis of the statistical data that was gathered from the usage of the serious game.

4.6. Integration and Maintenance on the Process

For the approach of the proposal is a component based one, it is required to consider
integration and maintenance tasks into it. Integration in this case, is addressed by defining
the usage of a repository of documented software components, analyzing the pertinence
of their inclusion in a current project, and performing its addition to the code; and by
assuring that every component created in the current work, is well documented, tested,
and added to the repository, in order to make it available for its implementation in further
affairs. This integration must be supervised by a member of the development team with
the role of integration manager.

From the structure of the general view of the proposal, presented in Section 4.1, it is
possible to see that it follows an iterative approach. This means, that once the project is
developed, according to the results of tests and experiments, analysis tasks must be
carried out, in order to identify issues that may be attended in further iterations to improve
the performance of the application, and enhance the interaction with the user.

Moreover, maintenance also includes the support that may be provided to the speech
therapist, as well as to the user to instruct them on the operation of the developed serious
game, and to gather and report statistical information about its usage. These tasks are

mainly accomplished by the requirements gatherer.
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4.7. Discussion on the Process

The proposal of this work as it may be seen in the rest of this Chapter is an enriched
software process model to develop serious games to support auditory rehabilitation. The
concepts that are added to it are related to rehabilitation, game design elements, and HCI,
as it was intended to accomplish the objectives that were defined in the Introduction.

This process is designed in compliance to a component based approach, and an iterative
paradigm. For its application, 7 roles had been identified and described, from which, 5
must be carried out by the development team (formed by 1 or more persons), meanwhile
the two others correspond to the patient (user), and the speech therapist. For each one of
these roles, activities had been settled, focusing mainly in describing what to do, but not
on how to do it, safe those that are related to the usage of the instruments to express the
context, the static part of the therapy, the dynamic part of the therapy; as well as the ones
about game design, that may be supported by the serious games extension, and the list of
components to be considered for the design of games. The found activities grouped by the

actor that is supposed to perform them, are shown in Table 4.1.

Table 4.1 Actors involved in the proposed process and their responsibilities.

Actors Responsibilities

- To perform therapy activities as usually does for his/her rehabilitation
program.

i - To be instructed in the usage of the application.

Patient )
- To use the developed serious game.
- To provide feedback.

- To participate in user experience and usability experiments.

- To participate in the to be observed therapy sessions.

- To participate in the interview and define the requirements for the project.

- To help filling the instruments for analyzing the context, the static part of the
Speech therapy, and the dynamic part of the therapy.

therapist - To evaluate and approve the requirements document, and therefore to

enable the pass to the design stage.

- To review, and to approve the design document.

- To approve the developed serious game,
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- To evaluate if the application satisfies his/her necessities towards the
therapy program in which it is going to be included.

- To instruct the patient in the usage of the serious game.

- To include the developed serious game as part of the rehabilitation
program.

- To participate in user experience and usability experiments.

- To provide feedback.

Requirements

gatherer

- To observe the therapy sessions driven in the therapist’s office.

- To perform the interview, to fill the instruments for analyzing the context,
the static part of the therapy, and the dynamic part of the therapy.

- To deliver a list of functional and nonfunctional requirements.

- To participate in the patient instruction in the usage of the serious game.

- To gather statistical data from the usage of the application (e.g. elapsed
time, and achieved punctuation).

- To report any found issues during the realization of the testing stage.

- To elaborate if necessary, change requests.

Requirements

- To review the filled instruments, and the functional and nonfunctional

requirements.

analyst - To organize the information, and the integration proposal.
- To elaborate the requirements analysis document.
- To analyze the gathered requirements.
- To propose, if there are, components from a repository that may be
Integration reutilized in the project.
manager - To supervise the integration of existing components according to the
integration proposal.
- To document and add the developed components to a repository.
- To review the requirements analysis document.
- To elaborate a conceptual model for expressing the components to be
developed, and the application in general.
Designer - To model the inclusion of the to be integrated components.

- To design the serious game in compliance to the SEGA-ARM serious game
extension.

- To design user interfaces for the game.
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- To update the requirements traceability matrix.

- To elaborate the design document concentrating all that is created and

updated during the design phase.

Developer

- To review and analyze the design document.

- To review and analyze the integration proposal.

- To carry out the codification of the serious game according to the

documentation.
- To define a codification standard
- To update the requirements traceability matrix.

- To elaborate the codification document.

Along with the activities and actors that take part in the proposal, a series of internal and

external products are defined. Except for those that consider the usage of the SEGA-ARM

model and instruments, they are only identified, but it is out of the aim of this work to

describe in detail how to carry them out. The items that are to be produced are presented

in Table 4.2, grouped by each one of the stages that are considered as part of the

proposed process.

Table 4.2 Internal and external products per stage.

Stage

Products

Requirements
gathering and

analysis

- Report of the observation.

- Report of the interview

- Matrix of the identified functional and nonfunctional requirements.
- Filled SEGA-ARM instruments.

- Proposal of integration of components.

- Speech therapist approval of the requirements analysis document.

- Requirements analysis document.

Design

- The requirements traceability matrix updated.
- The prototypes of user interfaces.
- Speech therapist approval of the design document.

- The approved design document.

Codification

- The codification standard.
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- The updated requirements traceability matrix.

- The documentation for describing the components that are going to be
added to the repository.

- The codification document.

- The developed serious game to support auditory rehabilitation.

Testing

- Experiment designs.

- Issues reports.

- Feedback from the user and from the speech therapist.

- Statistics of the usage of the serious game.

- Change requests.

- Analysis of the statistical data that was gathered from the usage of the

serious game.

Once the process has been described along with the activities, roles, and products on it

involved, it is necessary verifying that it successfully accomplish the goals that are

introduced in the first chapter of this thesis work, and to validate products developed under

its application. Next chapter is dedicated to this effect.

59



5. Verification and Validation

In regard to the objectives that were defined in the Introduction, the present chapter is
aimed to present the evaluation that was carried out over the proposed process and one of
the products that was developed following it. The rest of the chapter is divided into
sections, the first one for presenting the verification of the process, the second one for
describing the validation of the product, and the last one for discussing the obtained

results.

5.1. Verification of the Process

In order to verify the correctness of the proposed process, an experiment was designed, in
which four development teams, each developing one project, were evaluated. To perform
the evaluation, two of the teams were given with instruments for the analysis of: the
context, the static part of the therapy, and the dynamic part of the therapy; as well as with
a list of activities to carry out, a list of game design elements to be taken into account, a
workflow model to be followed, and the structure of the software process, proposed in
chapter 3, while the two others were provided with generic software engineering material
(books, formats, papers, and references).

Also, each team was advised by a speech therapist for the definition of game requirements
and had the following objectives: Develop a serious game for supporting auditory
rehabilitation, according to what the speech therapist requested; elaborate documentation
expressing requirements identification, design, and codification; and to use a mechanism
to evaluate the user progress while using the game.

A series of metrics was defined in order to measure and allow comparison of the
performed projects. The first one is about how many, and which documents are generated
during the process. This metric is to serve as an evidence of the application of every
carried out process stage and to demonstrate that internal and external products were
generated. The elaborated documents for the applications that were developed following
the here proposed process, are included as Appendix A and Appendix B. It is important to
point out that the documentation of all of the projects was carried out in Spanish, since it is

the mother language of the participants.

60



The second metric that was applied, is the time that was invested for the project, since it
may be a relevant factor to point out, because in conjunction with the next one, determines
the applied effort for developing the product (invested time * team size) [GeppO05].

In third place, the team size was considered, only to point out that for this experiment, all
of the teams were of the same size (2 people), and therefore, there wasn’t influence of the
applied human resources on the result, and remained constant, making it unnecessary to
calculate the effort. As a qualitative metric, the profile of the development team members
is considered in terms of academic background, in order to show that it was not a
determining factor for the success of a project.

Finally, it was counted how many requirements were identified, how many of them were
accomplished, and then, the rate of completeness of the application was calculated as the
accomplished requirements over the identified ones. Table 5.1 presents the obtained

results for each of the considered projects on terms of the applied metrics, as well as final

observations describing their characteristics.

Table 5.1 Comparison of applications that were implemented following the proposed process and
others without following it.

Sound
o D i Froneme the
N Museum visit discrimination Safari hunter i
Criteria ] i ] frog (With
(Without process) | (Without (With process)
process)
process)
e Software e Software
requirements requirements
e Requirements definition definition
description document document
) ] e Tasks models e Design e Design
e Partial delivery
e Abstract User document document
Generated of a Software o o
) Interfaces models | e Codification e Codification
documents requirements
e Concrete User | document document
document
Interfaces e Context format e Context format
e Final User e Static therapy e Static therapy
Interfaces format format
e Dynamic e Dynamic
therapy format therapy format
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e Games design

e Games design

elements elements
description description
Time invested 1 month 1 months 1 month 1 month
Team size 2 2 2 2
e Student of the e Student of the
i e Student of the
last semester of fifth semester of ]
. i fifth semester of e Software
Team Computational Computational )
mechatronics developer.
members systems systems : )
] ) l _ ) engineering. e Speech
profile engineering. engineering. ]
e Speech therapist.
e Speech e Speech ]
i A therapist.
therapist. therapist.
Found
) 6 6 14 12
requirements
Requirements
; 0 4 14 12
accomplished
Completeness
(Accomplished 0% 67% 100% 100%
/Found)
Mobile app well Mobile serious Web oriented
enough game successfully | serious game
developed with implemented with | successfully
Not successfully sound usage, speech developed with
developed product, | submitted to recognition speech
) unable to be therapist enabled, recognition
Observations

presented to the
speech therapist

for evaluation.

approval, and
pending to be
maintained
according to
comments, in

order to be tested

submitted to
speech therapist
approval and
pending to be
uploaded to

Google Play store.

usage, uploaded
to a private
server and used
by patients as
complement of

their

62



by patients as rehabilitation
complement to process.
their therapy

program.

The following section presents the validation that was carried out on one of the products
that were developed following the proposed process, while section 5.3 contains the
discussion about the results that were obtained on these processes of verification and

validation.

5.2. Validation of a Product

For validating the proposal of this work, one of the products that were developed following
the process and using the provided tools was considered. The main reason for its
selection is because it was used by actual auditory rehabilitation patients as part of their
therapy program, and data of this interaction was gathered. The application that was
considered for this effect, was entitled “Froneme the Frog” and its documentation may be
found in Appendix B. The experiment that was driven is described in the following
paragraphs.

As the last steps of the workflow model suggest, once the application was developed, it
was presented to the speech therapist to request for approval. When that approval is
granted, the application is ready to be available for the users. In this case, the “Froneme
the Frog” application was implemented for being used in a web context, using a web
browser, so its address was given to 4 of the patients that were enrolled to speech therapy
at the Clinica de Atencién Integral a la Salud of the Universidad Auténoma de
Aguascalientes, two girls and two boys in the ages between 7 and 8 years. And their
performance on the application during 2 weeks was tracked.

Aligned to the objectives that were presented in the introduction chapter, the concepts to
be measured are: number of sessions, points obtained per session, words pronounced per
session, time elapsed per session, points over time ratio, and words per minute. The
results for each user, were gathered in a database, and later were graphed for their
analysis.

For the first user, it was reported that 12 playing sessions were performed, adding 0.82

hours to his therapy, increasing then it in a 41%. During the whole experience, the patient
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pronounced a total of 195 words in 2972 seconds, having as best turn in terms of total
utterances 33 words, while in terms of words per minute rate, one were 31 words were
pronounced in 5.25 minutes.
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Figure 5.1 Statistical data gathered from the first patient.

Also, it is important to notice that for this patient, the trend was to increase punctuation,
elapsed time, and quantity of words, denoting improvement in the performance of the

player. Figure 5.1 shows the obtained results for the first patient.
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Figure 5.2 Statistical data gathered from the second patient.

64



The second patient used the application 16 times, adding to her therapy a total of 1.35
hours, meaning by this an increment of 67% in regard to her regular treatment. During the
two weeks of the experiment, she pronounced correctly a total of 354 words. In terms of
elapsed time, her best result was a session in which 547 seconds were invested, while in
terms of pronounced words, the best session reported that 41 words were uttered. The
graphed results for this user are presented in Figure 5.2, on them, it is also possible to see
that the performance of this user kept a regular trend, this is, that the results of points over
time ratio and words per minute, do not present dramatic decrements or increments.

The third user in turn, carried out 20 play sessions, by which 1.81 hours were added to the
therapy, representing an increment of 90% with respect to her regular therapy program. In
terms of invested time, the best result was one in which 572 seconds were employed,
while with respect to number of words uttered, it was another one in which 41 words were
pronounced. This last result was also the best one in regard to the words per minute rate,
with a value of 4.44. Figure 5.3 shows the graphic results for this patient, were it is

possible to notice that the results were slowly improving.
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Figure 5.3 Statistical data gathered from the third patient.
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For the fourth patient, results from 17 sessions were gathered. This experience meant an
addition of 1.53 hours his therapy, representing an increment of 75% with respect to the
regular therapy program. In regard to the number of uttered words, the best result
consisted on a total of 58 utterances, while in terms of invested time, the best result was
another in which 578 seconds were employed. Moreover, when it comes to the words per
minute rate, the best result was a value of 6.15. Figure 5.4 shows the graphic results for
this patient, were it is possible to notice that the performance of this user kept a regular
trend, this is, that the results of points over time ratio and words per minute, do not present

dramatic decrements nor increments.
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Figure 5.4 Statistical data gathered from the fourth patient.

The following section presents a discussion about the results that were reported for the

verification and validation that were carried out.

5.3. Discussion on Verification and Validation
The verification that was carried out over the process, reported that more documentation
was generated in the projects that followed the proposed process than those that did not.
Some of these documents such as the instruments for describing the context, the static

part of the therapy and the dynamic part of the therapy, allow reutilization of the products
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that are generated in the early stages of the process (e.g. requirements, models, and
designed components). Also, it was possible to note that the applied effort (relation of the
human resources and the time invested) for the development of the projects was uniform,
meaning by this that the advantages encountered on the projects that were created with or
without process are not affected by this factor.

The characteristics of the teams that participated, were distributed so that the experience
of the developers wouldn’t impact in the success of the projects, even, one of the persons
that acted as software engineer / developer on a project that followed the proposed
process, was not closely related to those disciplines, and accused to have little experience
in development, while the others had average to good programming skills and were aware
of software engineering practices.

In regard to project completeness, both of the projects that were elaborated by following
the proposed process got to be developed in a 100%, when comparing the reached
requirements and those that were gathered; meanwhile for the other projects, one of them
reached a 67% of accomplished requirements, and the remaining hadn't managed to be
implemented. Finally, one of the projects (developed following the process) was reviewed
and authorized to be used as complement of therapy programs; two others (one with and
one without process) were checked and fed back by the speech therapist and are actually
pending to be included as part of therapy programs; lastly, one of the projects
(implemented without following the proposed process) was not successfully developed and
later abandoned.

On the other hand, for the teams that followed the process, it was necessary to explain in
detail the usage of instruments, to track the performance of each stage, leading this to
assume that for further application of the proposed process, a process of capacitation
should be considered, while planning the different activities to be carried out. Also, when
working with experienced developers or software engineers, the implantation of a new
process may be difficult to be done, since they may already have established methods and
practices, and could present a certain degree of resistance to change.

When it comes to the validation of one of the elaborated products as a mechanism to
evaluate the process, it was possible to see that the goal of increasing the time per week
that a patient practices got accomplished, in some cases up to a 90%. Also, from the

obtained results, it may be seen, that the more experience the users (patients) got at
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playing the game, the better were their results in terms of uttered words, elapsed time, and

words per minute rate.
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6. Conclusions and Future Work

As conclusion to this thesis work, in this chapter, a summary of each one of the other
chapters is provided, the contributions are enlisted, the traceability matrix of specific
objectives that was introduced in the first chapter is updated, and then, it is mentioned if
the hypothesis was proved or refuted. Finally, the future work is described.

This first chapter provided a general panorama of the problem that is intended to solve,
and about concepts that are important to be understood. On it, a research question was
settled: “What elements, disciplines, or techniques may enrich a software development
process for promoting the development of serious games to support auditory rehabilitation,
in short time and with limited human resources involved?”, to then formulate a related
hypothesis: “The stages of a software development process model may be enriched with
concepts on serious games design, rehabilitation, and HCI techniques or tools, in order to
promote the production of serious games to support auditory rehabilitation in short time
and with limited human resources involved”, and finally to describe general and specific
objectives.

The second chapter contains the state of the art, on it were addressed concepts on
rehabilitation, model driven development, process models, verification and validation,
serious games design elements, serious games for rehabilitation, and finally describing
experiences on the development of serious games for acquiring skills on those projects
that later on worked as baseline for the performed research.

Third chapter was aimed on the description of SEGA-ARM, a metamodel that was
designed considering the experience gained with the former development of applications
for rehabilitation and elements that were found in the literature, in compliance to a HCI
approach, and expressed in accordance to a UML notation. This metamodel includes the
expression of the user capabilities and disabilities, of the dynamic and static part of the
therapy, of the context of use, and of the serious games design elements; and its usage is
recommended for requirements gathering and analysis, and design stages of the proposal
in chapter four.

The main proposal of this work was presented in the fourth chapter, this is, the enrichment
of a generic software development process model with speech rehabilitation concepts, HCI

based tools, and game design elements that were found on the literature. On its sections,
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a workflow of the application of the process was presented, the general view of the

process was explained, and finally each stage involved on the process model was detailed

in terms of the actors, activities, and products that take part on it.

Verification of the proposed enriched process and validation of one of the developed

products in compliance to it were described in the fifth chapter, along with the explanation

of the experiments that were carried out to this effect.

The contributions that were delivered from this thesis work are:

A state of the art reporting the result of the performed research for better
understanding concepts on rehabilitation, model driven development, software
development process models, and patterns.

A comparison of software development process models that may be useful when
deciding which one to implement in a project.

A metamodel to promote the design of serious games to support auditory
rehabilitation, allowing expressing the context of use, the static part of the therapy,
the dynamic part of the therapy, and serious games design elements.

The definition of activities, roles, and tools that take part of a software development
process model enriched with concepts of rehabilitation, serious games design, and
tools of a HCI approach.

3 applications and 3 serious games for supporting auditory rehabilitation produced
during the different carried out experiments.

Statistical data that was gathered from the interaction of patients with one of the

produced serious games.

In the Introduction chapter, a specific objectives traceability matrix was created in order to

make it easier to control and verify the accomplishment of the settled goals. That matrix

was updated and the resultant one is presented in Table 6.1 Updated specific objectives

traceability matrix..

Table 6.1 Updated specific objectives traceability matrix.

Objective Description How was it accomplished?
number
Attend speech therapy sessions to Speech therapy sessions were
observe and gather requirements to observed at the “Centro de Atencion
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develop applications to support a

rehabilitation program.

Integral a la Salud” of the Universidad
Auténoma de Aguascalientes in Mexico,
and also interviews with the speech
therapist were performed for gathering
requirements to develop applications in

compliance to the therapy objectives.

Elaborate applications in compliance with
the gathered requirements in order to

acquire experience in their development.

In the state of the art chapter, it is
described that 8 engineering students
participated in an experiment in which 3
applications were developed based on
the requirements that were gathered
from the observation of therapy

sessions.

Compare software development process

models from the literature.

Section 2.3.7 presents a comparison
carried out among different process
models in terms of the involved stages,
recommended usage, scalability,

productivity, and other characteristics.

Choose a process model and review its

characteristics.

In the fourth chapter, it was told that a
component based approach was

considered to this effect.

Model the use context, in terms of

platform, user, and environment.

In the third chapter, the context is
modeled as part of the SEGA-ARM
metamodel.

Elaborate a metamodel of serious games

for auditory rehabilitation.

The SEGA-ARM metamodel is provided

for accomplishing this objective.

Identify concepts about game design,
which may be useful for the realization of

this project.

In the state of the art, analysis is
performed over game design elements,
which are later listed, described, and
finally structured as part of the SEGA-
ARM metamodel.
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Incorporate concepts on game design,
rehabilitation, and HCI techniques or 'n the fourth chapter, the stages that
8 take part on the enriched process are
tools to the stages of the chosen process )
model in order to enrich it. described.
Develop serious games to support In the verification and validation report
auditory rehabilitation by following the chapter, two serious games are
9 enriched process model. described, and moreover one of them
was used as part of a therapy program.
The documentation for these projects is
included in Appendix A and Appendix B.
Verify the proposal (enriched process The enriched process was verified,
model) and validate the developed comparing the projects that were
products. developed under its guidelines against
10 others that were not. The validation was
carried out evaluating the interaction of
end users with one of the developed
serious games.
Generate publications of national and During the realization of this thesis
international impact reporting advances work, 7 research papers were published
0 and results obtained during the in national and international
performance of this thesis work. conferences reporting advances in the
research. Two of them are included in
Appendix D.

As it may be seen from the Table above, all of the specific objectives were reached, and
therefore the general one was too. Taking this into account and by analyzing the results
that were gathered from the verification and validation process, it is possible to say that the
hypothesis:
H1.- The stages of a software development process model may be enriched with concepts
on serious games design, rehabilitation, and Human-Computer Interaction techniques or
tools, in order to promote the production of serious games to support auditory rehabilitation
in short time and with limited human resources involved.

was proved.
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If well all of the objectives and goals of the present work were accomplished, there’s still
work to be carried out. As future work, along with the description of the activities that take
part on the stages of the proposed process, tools, methodologies, technologies, and sub
processes may be detailed in order to improve the results in terms of quality of the
products. Along with this extension of the work, the proposal must be evaluated in different
contexts and for a broader group of more experienced developers for gathering feedback

of possible improvements.
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Glossary of terms

Serious game:
A mental challenge played through a computer according to specific rules, which uses

entertainment mechanisms to achieve training or capacitation goals.

Software development process model:
Process that is being selected for the development of the project depending on the

project’s aims and goals.

Rehabilitation:
Process by which physical, sensory, and mental capacities are restored or developed in

(and for) people with disabling conditions.
Metamodel:

Definition of modeling elements along with their relationships and rules in order to enable

the creation of semantic models, that may later result on the design of Software tools.
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Appendix A

Project: Desarrollo de un juego serio que ayuda a la mejora de la pronunciacion vy

reconocimiento de palabras mediante reconocimiento de voz.

1 Introduccion

Esta investigacion tiene como fin desarrollar un juego serio el cual sea capaz de ayudar a
los nifios con discapacidades auditivas y de lenguaje por medio de actividades didacticas
y entretenidas, dando como resultado una actividad de terapia la cual pueda ser llevada a
cabo en cualquier lugar y dia de la semana.

Siendo que las terapias se llevan a cabo minimo una hora por semana, de manera que se
pierde seguimiento por casi siete dias y es responsabilidad de los familiares ayudar al
paciente a practicar las actividades indicadas por el terapeuta. (Secretaria de Salud, 2010)
Sin embargo no siempre es posible brindar este tipo de atencién y apoyo dando como
resultado un minimo progreso. De manera que el paciente deja de practicar, facilitando
que olvide o no recuerde las habilidades adquiridas durante esa hora de terapia.

De manera que un juego serio el cual el paciente pueda utilizar por si mismo, daria paso a
la practica continua sin sustituir la terapia, si no complementandola reduciendo el tiempo
de rehabilitacion. Aprovechando que en la actualidad el 87% de la poblacién en México
cuenta con un dispositivo movil inteligente es factible llegar a los pacientes por medio de

una aplicacién movil. (ITU, 2015)

1.1 Propésito

Ayudar a la rehabilitacion de nifios con discapacidades auditivas y de lenguaje por medio
del desarrollo de un juego serio entretenido y divertido capaz de realizar actividades

terapéuticas que mejoren la calidad de vida de los pacientes.

1.2 Glosario

Disfasia: Retraso en la adquisicion del lenguaje, una gran pobreza de vocabulario,
grandes dificultades gramaticales y falta de espontaneidad a nivel de expresion verbal.
(Ronda, J. A. .2008)
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Hipoacusia: Incapacidad total o parcial para escuchar sonidos en uno o ambos oidos.
(MediPlus, 2014)

Juegos Serios: Son aquellos juegos que se usan para educar, entrenar e informar.
(Michael, D. & Chen, S. 2006)

Rehabilitacion: Conjunto de acciones y programas dirigidos a la utilizaciéon del potencial
maximo de crecimiento personal de un individuo, que le permita superar o disminuir
desventajas adquiridas a causa de su enfermedad en los principales aspectos de su vida
diaria. (Herrera, A. et al, 1998)

Terapia de lenguaje: Tratamiento que se lleva a cabo para resolver las dificultades para
expresar ideas. (Nelson, A. 2008)

Terapia del habla: Tratamiento que se lleva a cabo para resolver problemas con la
produccion de sonidos. (Nelson, A. 2008)

1.3 Referencias

Secretaria de Salud. (2010). Hipoacusia Neurosensorial Bilateral e Implante Coclear.
México.

ITU. (2015). Mobile-cellular subscriptions. Julio 15, 2015, de ITU Sitio web:
http://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx

Rondal, J. A. (1982). El desarrollo del lenguaje. Barcelona: Médica y Técnica.

MediPlus. (2014). Hipoacusia. Julio 15, 2015, de MediPlus Sitio web:
http://www.nIm.nih.gov/medlineplus/spanish/ency/article/003044.htm

Michael, D. & Chen, S. (2006). Serious Games. Games that educate, train and infoms.
Canada: Thonsom.

Herrera, A. & Gamiochipi, J.A. (1998). Rehabilitacibn temprana en pacientes
hospitalizados en unidades psiquiatricas. Psiquis - Hospital Psiquiatrico Fray Bernardino
Alvarez, 7, 128-141.

Nelson, A. (2008). La terapia del lenguaje y del habla. Julio 12, 2015, de KidsHealth.org

Sitio web: http://kidshealth.org/parent/en_espanol/crecimiento/speech_therapy_esp.html#
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2 Descripcion general del proyecto

2.1 Objetivos particulares

e Uso del reconocimiento de voz para analizar que la pronunciacion del paciente sea
correcta.

e Sintesis de voz de manera que el paciente escuche la pronunciacién correcta de la
palabra a aprender.

e Generar un banco de palabras que sean faciles de analizar por el software y que
las pueda utilizar el paciente en su vida cotidiana.

e Crear graficas decentes que logre captar la atencion del paciente.

e Desarrollar varios niveles con distintas dificultades para que el paciente logre

progresar periédicamente. Y sea un mayor reto conforme avanza en el juego.

2.2 Objetivo general

Llevar a cabo el disefio y desarrollo de un juego serio, con el que el paciente logre
practicar y aprender como pronunciar palabras de manera correcta por medio de una
actividad que no sea monétona ni aburrida.

Permitiéndole practicar a cualquier hora y momento sin necesidad de asistir a un
consultorio o presencia del terapeuta. Logrando que el paciente haga terapia por mas

tiempo.

2.3 Caracteristicas de los usuarios

Los usuarios a los que esta orientado el software son pacientes con discapacidades
auditivas (hipoacusia), habla o lenguaje (Disfasia, Afasia, etc.) imposibilitdndoles la
correcta pronunciacion de palabras.

De manera que tienen problemas de fluidez en el habla, variacion en la tonalidad y

volumen, asi como problemas al distinguir palabras o escuchar determinadas frecuencias.
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3 Requisitos del juego serio

3.1 Requisitos funcionales

RFO1 - Analisis de la correcta pronunciacion de la palabra.

RFO02 - Reproduccion de sonidos con la correcta pronunciacion de las palabras.
RF03 - Contadores de tiempo.

RF04 - Acumuladores de puntaje.

RFO5 - Banco de palabras que sirvan como terapia.

3.2 Requisitos no funcionales

RNO1 - Imagenes de los objetos.
RNO2 - Mend inicial.
RNO3 - Iniciar sesién con una cuenta personalizada del usuario.

RNO4 - Animaciones de los personajes.

RNO5 - Visualizacion del puntaje y el tiempo que le resta para pronunciar la palabra.

RNO6 - Uso de colores brillantes para atraer la atencion de los nifios.
RNO7 - Personajes con vestimenta del momento.

RNO8 - Tabla de puntajes de todos los usuarios.
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4 Apéndices

4.1 Reportes de asistencia a sesiones de terapia de lenguaje

4.2 Instanciacion del metamodelo de contexto, terapia estética y
terapia dinamica

4.3 Instrumento de contexto

La aplicacion debera ser utilizada en lugares con poco ruido para su correcto

funcionamiento, como en el consultorio durante la terapia o en casa del paciente.

4.4 Instrumento de terapia estética

4.5 Instrumento de terapia dinamica

El paciente sera un cazador el cual tendra que alimentar a los animales para evitar que lo
ataquen, para ello sera necesario pronunciar el nombre correcto del animal que se
encuentra hambriento lo mas rapido posible, si desconoce el nombre del animal podra

tocar al animal y se reproducird un sonido con la correcta pronunciacion.

4.6 Matriz de trazabilidad de requerimientos

RFO1 Andlisis de la correcta pronunciacion de la palabra.

RF02 Reproduccién de sonidos con la correcta pronunciacion de las palabras.
RFO3 Contadores de tiempo.

RF04 Acumuladores de puntaje.

RFO05 Banco de palabras que sirvan como terapia.

RNO1 Iméagenes de los objetos.
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RNO2 Menu inicial.
RNO3 Iniciar sesion con una cuenta personalizada del usuario.
RNO4 Animaciones de los personajes.
RNO5 Visualizacion del puntaje y el tiempo que le resta para pronunciar la
palabra.
RNO6 Uso de colores brillantes para atraer la atencion de los nifios.
RNO7 Personajes con vestimenta del momento.
RNO8 Tabla de puntajes de todos los usuarios.
Historia

Un cazador intenta sobrevivir en la selva del ataque de los animales salvajes, de manera
que este les disparara con su pistola de agua para alejarlos. Para ello el jugador debe

pronunciar de manera correcta el nombre de los animales y asi poder activar el arma.

Funcionamiento

El juego inicia cargando la puntuacién, el nimero de la ronda en que se encuentra y el
botdn para pausar el juego.

De manera que el jeep safari entra por el lado izquierdo de la pantalla para dejar al
cazador en medio de la pantalla.

Una vez esté en su posicion se agregan el numero de vidas y la barra del tiempo.

Se procede a un conteo de 3 segundo para avisar al jugador que esta a punto de iniciar,
al momento que este llega a su fin se habilita el botdn que activa el reconocimiento de voz
y comienza a disminuir la barra de tiempo.

El jugador debe presionar el botén de disparo para activar el reconocimiento de voz,
mientras este habla se mostrara un barra que retroalimentara al usuario para indicarle que

se le esta escuchando.
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Si la palabra que pronuncio es la adecuada entonces el cazador apunta al animal y le
dispara un chorro de agua.

Guién Grafico
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Elementos de disefio de juego

Personajes:
Primarios: Cazador.
Secundarios: Animales de los cuales algunos seran inofensivos y otros no tanto.

Descripcion Narrativa: El jugador sera un cazador el cual se encontrara en medio de la
pantalla. Se aparecen varios animales al mismo tiempo, quienes intentaran comer al
cazador, de manera que tendra que decir el nombre del animal al que desea disparar lo

mas rapido posible antes de que el animal ataque al cazador.

Retos: Sobrevivir al ataque del o de los animales que lo atacan dentro de un determinado

tiempo.

Vistas de juego: De arriba y tercera persona de arrastre.

Restricciones: Seran rondas que duraran un determinado tiempo, el cual dependera del

nivel.
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Recompensas y castigos: Tendrd un nimero determinado de vidas que perdera conforme

es atacado y conforme vaya sobreviviendo el tiempo de que dure la ronda serd menor,

ganando puntos entre mas rapido responda mas punto obtendra.

Elementos interactivos: El cazador ira sobre un carro de safari que avanzara cada que

sube de nivel.

Retroalimentacién: Al inicio de la ronda se activara el reconocimiento de voz y le avisara si

estd escuchando, y aparecera una medalla cada vez que acierte.

Diagramas conceptuales

Diagrama de casos de uso general

Terapeuta
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SQLieOpenHelper

-

Exlonds

AyudanteBD
DB_NAME: String

onCreata(SOLReDataBase di): vosd
enUpgradge(SCOLiteDalaBase db): void

U

v

,{ contrasefia: Siring

usuario: String

DC_SCHEM _VERSION: int -

ManejadorBD

TBL_USUARIDS: String

TBL_REGISTROS: String
CREAR_TBL_USUARIOS: String
CREAR_TBL_Rugisiros: String
consultaMaxPuntajesfint cant): int][]

consulta TiempoJugado(int id): int
consulaTiempaugacoint id, String fecha); i
consultaMedPronunciacion(ing id): int
consultaDatosUsuariofint id): int]

Jugar
tiempo.ugado: long
usuario: Siring

ronda: int

puntaje; int
tiempoTemporizador: int

Usy
o

termporizadanes] 10]: inl
diccionanof32)[2]: String
imagenes(27][2]: String

getTiempo(int randa): int
getPalabra(ini pos, int dificultad]: String
gitimagen(ing pakabra): String

Modelado de Datos

Para la informacién que se manejara lo mas conveniente es una base de datos en la cual

se registren los usuarios, los datos del juego y las palabras del diccionario.
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Interfaces de Usuario

Las interfaces deberdn ser sencillas y faciles de acceder, siendo que los usuarios
principales seran nifios, asi que entre menos pestafias y el uso de iconos faciles de
entender es primordial para el desarrollo de estas.

El inicio solo cuenta con un imagen de fondo, el nombre del videojuego y los botones para

iniciar el juego, tabla de posiciones, ayuda y ajustes.

La parte de ayuda, contiene 3 opciones la primera muestra un video del modo de juego y
como es su funcionamiento, la segunda de informacion de la investigacion y por ultimo los

créditos del juego.
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La tabla de posiciones o lideres, se puede acceder desde el inicio y muestran los primeros
7 puntajes mas altos con sus respectivos usuarios.

Posicion # MHombre del Usuarie
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El juego consiste en una interfaz sencilla que muestra toda informacion del estado del

juego, una barra como temporizador, puntaje, nimero de ronda, animacién que muestra si

se esta escuchando al usuario y el boton de disparo.

Creacion de Diccionario

e Pollo*

e Oveja**

e Chango/Mono/Simio*
e Pinglino**

o Gallina**/Gallo*
e Hipopo6tamo***
e Cabra**

e Elefante**

e Puerco/Cerdo**
e Serpiente***

e Conejo**

e Panda**

e Perro**/Can*

e Rinoceronte***
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e Jaguar**

e Zorro**

e Camello**

e Cebra*

e Avestruz**
e Tucan*

e LelONn*

e Cocodrilo***
e Canguro**

e (Oso Hormiguero***

e Caballo*
e Pato*
e Gato*

Dificultad: *Sencilla **Media ***Dificil

Matriz de trazabilidad

RFO1 | Analisis de la correcta pronunciacion de la palabra.

RFO02 | Reproduccién de sonidos con la correcta pronunciacion de las palabras.

RF03 | Contadores de tiempo.

RFO04 | Acumuladores de puntaje.

RFO5 | Banco de palabras que sirvan como terapia.

RNO1 | Imagenes de los objetos.

RNO2 [ Mend inicial.

RNO3 | Iniciar sesion con una cuenta personalizada del usuario.

RNO4 | Animaciones de los personajes.

RNO5 | Visualizacion del puntaje y el tiempo que le resta para pronunciar la
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palabra.

RNO6 | Uso de colores brillantes para atraer la atencion de los nifios.

RNO7 | Personajes con vestimenta del momento.

RNO8 | Tabla de puntajes de todos los usuarios.

Herramientas a utilizar
Lenguaje de programacion

Para dar solucién a los objetivos planteados y cumplir con todos los requerimientos, se
llevard a cabo la programacion para dispositivos moviles Android con ayuda de varios

lenguajes de programacion como java, sql, css y xml.

Reconocimiento de voz

El reconocimiento de voz, se llevara a cabo con el api de “google speech” la cual captura
la voz del usuario, se digitaliza y envia al servidor central de Google que devuelve el texto

reconocido en un arreglo con las posibles palabras u oraciones que se pronuncio.

Sintetizador de Voz

De igual manera Google cuenta con el api para sintesis de voz compatible con distintas
plataformas el cual se denomina speech.tts, donde se analiza una cadena de caracteres y

genera un clip de audio.

Base de Datos

Android es compatible con las bases de datos SQLite “android.database.sqlite”, lo que
nos permitira almacenar de manera ordenada los usuarios y los puntajes de los
jugadores, de manera que se pueda analizar al usuario de acuerdo a las actividades que

ha realizado.
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Disefio Grafico

El disefio es una parte importante, ya que debe llamar la atencién a niflos y ser
presentable, para ello se utiliza el programa de edicién fotografica Gimp para darle efecto
y disefio a los fondos. Ademas del software vectorial Inkscape con el cual se pueden crear

los iconos, botones y personajes de la historia.
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Definicién de un estandar de programacion

El lenguaje de programacion a utilizar es del tipo orientada a objetos muy similar a java,
pero utiliza otras librerias y una maquina virtual diferente a la proporcionada por Oracle.
Pero la manera en que se lleva a cabo la codificaciéon es la misma por lo tanto se
utilizaran los mismo estandares para el desarrollo de las clases que utiliza este lenguaje.
Ademas para el desarrollo de interfaces gréficas existe una herramienta que mejora la
manera de trabajar, muy parecida a CSS (Utilizada para dar disefio a paginas web) por lo
que se intentard seguir también estandares parecidos aunque no se trate del mismo

lenguaje.

1.1 Java
1.1.1  Organizacion de ficheros por paquetes

Para mantener organizacion en las clases, estas se organizan por paquetes los cuales
brindan jerarquia y asi definir qué clases tiene acceso a otras clases. Asegurando su
mantenimiento, jerarquia y de facil lectura si alguien externo al proyecto en un futuro

desea mejorar o agregar funciones.

1.1.2  Fichero java

Estos contienen Unicamente una solo clase, es decir, no clases anidadas una dentro de
otra en caso de tener que pasar datos entre clases, se hara uso de variables globales o
de sesion.

También estos ficheros contienen comentarios en el encabezado con una descripcion de

la clase, interfaz, etc. sobre cudl es su funcion.

Ejemplo:
1 //Descripcion de la clase
2 public class MyClase {
3
4 variables|
5
6 métodos
7}
8
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1.1.3 Comentarios

Estos deben ser claros y concisos, con una descripcion general de una parte especifica
del cédigo, aunque de igual manera los nhombres de las variables y métodos deben tener
un nombre claro y facil de entender es necesario de un texto corto sobre el

funcionamiento o el uso de este.

1.1.4  Sentencia de paquete

La primera linea de cddigo no comentada de una clase debe ser el nombre del paquete al

que pertenece esta.

1.1.5 Sentencias de importacion

Solo se deben incluir las sentencias necesarias, y que en realidad se haga uso de estas,
ademds de agrupar aquellas que son para una determinada funcion o de alguna libreria

externa.

1.1.6 Declaraciones de interfaces y clases

Estas deberan ser instanciadas con el mismo nombre de la clase o alguna abreviacion e
iniciando con minuscula. Evitar de instanciar la misma clase en diferentes clases, y aplicar

los conceptos de herencia para ahorrar codigo.

Ejemplo:

1 //Descripcion de la clase

2 public class MyClase {

3

4 Datos datos = new Datos();
5}

+]

1.1.7 Declaracion de variables

Android brinda una herramienta muy Uutil para el disefio a través de ficheros xml, los
cuales pueden ser ligados al cddigo en java para instanciar los objetos de la interfaz

grafica y hacer uso de sus métodos. De manera que se hara uso de esta herramienta
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para aquellos componentes que interactian con el usuario, como botones, imagenes,
campos de texto, etc.

Para el caso de variables, arreglos o matrices globales de una clase, estas deberan ser
privadas y en caso de ser necesario manipular o utilizar esta informacién por otra clase,

se debe encapsular dichos atributos. Ademas sus hombres deben ser claros y faciles de

identificar.
1 //Descripcion de la clase
2 public class Persona {
3
- string nombre; //nombre de la persona
5 long matricula; //matricula de 180 caracteres
6 int edad; //edad de la
T
8}
9

1.2 Ficheros XML

Este tipo de ficheros presentan informacion de manera estructurada. Para almacenar y
transmitir informacion hay que encontrar una forma adecuada de representacion en
el medio disponible como soporte, Android Studio con su herramienta de

autocompletado brinda los nombres de los tags o notaciones admitidas.
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1 <?xml version="1.0" encoding="utf-8"2>
2 <RelativelLayout xmlns:android="http://schemas.android.com/apk/res/android”

3 android:orientation="vertical"

4 android:layout_width="match_parent”

5 android:layout_height="match_parent">

6

if <!-- Texto s desarrolladores de la aplicacion-->
8 <TextView

9 android:id="@+id/textview"

10 android:layout_width="wrap_content”

11 android:layout_height="wrap_content”

12 android:text="@string/texto_creditos"
13 androld:layout margin="10dp"

14 android:layout_centerHorizontal="true"
15 androld:layout_centerVertical="true" />
16

17 <!-- Boton para volver atras -->

18 <Button

19 android:id="@+id/boton_atras_creditos"
20 android:layout_width="55dp"
21 androild:layout_height="55dp"
22 android:layout_alignParentBottom="true"
23 androld:layout alignParentLeft="true"
24 android:layout_margin="10dp"
Zsl androld:background="@drawable/boton_atras" />
26

27 </RelativelLayout>

1.2.1 Caracteres

XML brinda soporte para gran variedad de codificadores de caracteres, por lo que se
puede hacer uso de todos los caracteres ASCII sin embargo para la codificacién del XML
en Android solo es admitido el UTF-8.

Por otro lado algunos caracteres se reservan para el marcado como lo son: <> & “’, de
manera que si se desea utilizar a lo largo de un texto estos se pueden sustituir por &It &gt
&amp &apos &quot respectivamente, esto hara que aparezcan como un caracter en lugar

de realizar una funcion.

1.2.2 Estructura

La estructura general de un documento XML esta formada por tres partes:

1.2.2.1 Prdlogo, opcional:

Conteniendo una secuencia de instrucciones de procesamiento y/o declaracion de tipo de

documento.
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1.2.2.2 Cuerpo:

Un arbol Gnico de elementos marcados, con anidamiento estricto.

1.2.2.3 Epilogo, opcional:

Conteniendo una secuencia de instrucciones de procesamiento.

1.2.3 Marcas

Son fragmentos de informacion delimitados por marcas, de la siguiente manera:
Marca inicial: <x ....>
Contenido: texto u otros elementos.

Marca final: </x>

1.2.4 Comentarios

Al igual que en los ficheros de java, se debe colocar comentarios.
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Appendix B

Project: Desarrollo de un juego serio para soporte a una actividad de terapia de lenguaje.

1 Introduccién

Esta investigacion tiene como fin desarrollar un juego serio el cual sea capaz de ayudar a
los nifios con discapacidades auditivas y de lenguaje por medio de actividades didacticas
y entretenidas, dando como resultado una actividad de terapia la cual pueda ser llevada a
cabo en cualquier lugar y dia de la semana.

Siendo que las terapias se llevan a cabo minimo una hora por semana, de manera que se
pierde seguimiento por casi siete dias y es responsabilidad de los familiares ayudar al
paciente a practicar las actividades indicadas por el terapeuta. (Secretaria de Salud, 2010)
Sin embargo no siempre es posible brindar este tipo de atencién y apoyo dando como
resultado un minimo progreso. De manera que el paciente deja de practicar, facilitando
que olvide o no recuerde las habilidades adquiridas durante esa hora de terapia.

De manera que un juego serio el cual el paciente pueda utilizar por si mismo, daria paso a
la practica continua sin sustituir la terapia, si no complementandola reduciendo el tiempo
de rehabilitacion. Aprovechando que en la actualidad el 87% de la poblacion en México
cuenta con un dispositivo movil inteligente es factible llegar a los pacientes por medio de

una aplicacién movil. (ITU, 2015)

1.1 Propésito

Ayudar a la rehabilitacion de nifios con discapacidades auditivas y de lenguaje por medio
del desarrollo de un juego serio entretenido y divertido capaz de realizar actividades

terapéuticas que mejoren la calidad de vida de los pacientes.

1.2 Glosario

Hipoacusia: Incapacidad total o parcial para escuchar sonidos en uno o ambos oidos.
(MediPlus, 2014)

Juegos Serios: Son aquellos juegos que se usan para educar, entrenar e informar.
(Michael, D. & Chen, S. 2006)
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Rehabilitacion: Conjunto de acciones y programas dirigidos a la utilizacién del potencial
maximo de crecimiento personal de un individuo, que le permita superar o disminuir
desventajas adquiridas a causa de su enfermedad en los principales aspectos de su vida
diaria. (Herrera, A. et al, 1998)

Terapia de lenguaje: Tratamiento que se lleva a cabo para resolver las dificultades para
expresar ideas. (Nelson, A. 2008)

Terapia del habla: Tratamiento que se lleva a cabo para resolver problemas con la

produccion de sonidos. (Nelson, A. 2008)

1.3 Referencias

Secretaria de Salud. (2010). Hipoacusia Neurosensorial Bilateral e Implante Coclear.
México.

ITU. (2015). Mobile-cellular subscriptions. Julio 15, 2015, de ITU Sitio web:
http://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx

Rondal, J. A. (1982). El desarrollo del lenguaje. Barcelona: Médica y Técnica.

MediPlus. (2014). Hipoacusia. Julio 15, 2015, de MediPlus Sitio web:
http://www.nIm.nih.gov/medlineplus/spanish/ency/article/003044.htm

Michael, D. & Chen, S. (2006). Serious Games. Games that educate, train and infoms.
Canada: Thonsom.

Herrera, A. & Gamiochipi, J.A. (1998). Rehabilitacibn temprana en pacientes
hospitalizados en unidades psiquiatricas. Psiquis - Hospital Psiquiatrico Fray Bernardino
Alvarez, 7, 128-141.

Nelson, A. (2008). La terapia del lenguaje y del habla. Julio 12, 2015, de KidsHealth.org

Sitio web: http://kidshealth.org/parent/en_espanol/crecimiento/speech_therapy_esp.html#
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2 Descripcion general del proyecto

2.1 Objetivos particulares

e Uso del reconocimiento de voz para analizar que la pronunciacién del paciente sea
correcta.

e Sintesis de voz de manera que el paciente escuche la pronunciacion correcta de la
palabra a aprender.

e Generar un banco de palabras que sean faciles de analizar por el software y que
las pueda utilizar el paciente en su vida cotidiana.

e Crear gréficos atractivos que logren captar la atencion del paciente.

2.2 Objetivo general

Llevar a cabo el disefio y desarrollo de un juego serio, con el que el paciente logre
practicar y aprender como pronunciar palabras de manera correcta por medio de una
actividad que no sea monétona ni aburrida.

Permitiéndole practicar a cualquier hora y momento sin necesidad de asistir a un
consultorio o presencia del terapeuta. Logrando que el paciente haga terapia por mas

tiempo.

2.3 Caracteristicas de los usuarios

Los usuarios a los que esta orientado el software son pacientes con discapacidades
auditivas (hipoacusia), habla o lenguaje (Disfasia, Afasia, etc.) imposibilitdndoles la
correcta pronunciacion de palabras.

De manera que tienen problemas de fluidez en el habla, variacion en la tonalidad y

volumen, asi como problemas al distinguir palabras o escuchar determinadas frecuencias.
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3 Requisitos del juego serio

3.1 Requisitos funcionales

RFO1 - Analisis de la correcta pronunciacién de la palabra.

RFO02 - Reproduccion de sonidos con la correcta pronunciacion de las palabras.

RF03 - Contadores de tiempo.
RF04 - Acumuladores de puntaje.

RFO5 - Banco de palabras que sirvan como terapia.

3.2 Requisitos no funcionales

RNO1 - Imagenes de hojas que contengan las palabras a pronunciar.
RNO2 - Mend inicial.
RNO3 - Iniciar sesién con una cuenta personalizada del usuario.

RNO4 - Animaciones de algunos personajes.

RNO5 - Visualizacion del puntaje y el tiempo que le resta para pronunciar la palabra.

RNO6 - Uso de colores brillantes para atraer la atencion de los nifios.

RNO7 - Tabla de puntajes de todos los usuarios.
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4 Apéndices

4.1 Reportes de asistencia a sesiones de terapia de lenguaje

4.2 Instanciacion del metamodelo de contexto, terapia estatica y
terapia dinamica

Conlext
I’ ------------------- \l Context Environment Platiom SoftwarePlatform HardwarePlatiorm
I Mechanics Player i - : Indeger -4 : Ineger - | Meger -oSMame 1 Stnng - Ineger
| T B 1 -name : Stnng | [-type: Stang -name : Stnng | [-0SVerson : Sing -name : String
-playerProg, : Fioat - |
I _pasints Flo:n mn $ﬂ":er . ;:29 1 -name : String W 2 String, (|43 ScundOuipuiC apable : Bookean
I . i 1 0 -tahloisy : Boclean 0.* 1 W String InputC apable : Boolean
: 7 : -allowa Camerallsage : Boolean
- il TTTLE =] ] .
I 1
RS — I -
| DynamcPanOf The Therapy Statc PatOMneTherapy
ResonanceF requency
0.1 |“neasurelinits : String
-miifabe : Float
-maxake : Ficat

HearingThreshald

Fitch
-measurelinits : S¥ing

« |frequency : Float

-mini/abue : Float -frequencyMeasunelinits : String
[-masivalue : Fioat
SpeechRate
Loudness -2 yianieDuraton : Fiost

-measwrelinis : Siing -wowis PerSecand : Float

[ -masvaie © Fioat 1 [pauseBetveenSentences : Fioat

5 PerformedActivity - - Theoretical Activity 1 -pause\iithinSantences : Float
-percentAchieved : Float ~deacripbon : Stng
[-Diumteon : Fioat -obpectrve : String
-ptannedDuration : Fioat | VolceStress |
-petchanation : Fioat

[-velume : Float
1 -ayliabieDuration : Fioat

uses Paramedter e 1.*
' . -name : String
: Sring PhysicalResource
Metrie | -dataType : Stang - : Integer

-emphasis : Float
-messurelint : String  |§_* -dataStruchwe : Structure 0* [dype: Sténg
1_*[-vake : Flost @_rr{onaram! : Saoript ~description : Siring
Hfonmuta : Sinng = |-vake : Fioat Hefines
-uanit - String
) P e ———— -
Action
- : Inleger
-trigger : Event

-deacrphion : Sting
-duration : Float
-consequence : Sonpt

E
:
-
}

4.3 Instrumento de contexto

La aplicacion debera ser utilizada en lugares con poco ruido para su correcto

funcionamiento, como en el consultorio durante la terapia o en casa del paciente.
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4.4 Instrumento de terapia estéatica
4.5 Instrumento de terapia dinamica

El paciente serd una rana la cual tendra que alimentarse de hojas y mosquitos, para ello
sera necesario pronunciar la palabra que hay en cada hoja para que la rana brinque de
hoja en hoja, la rana puede caer al agua en caso de que no se pronuncie de manera

correcta la palabra que se muestra.

4.6 Matriz de trazabilidad de requerimientos

RFO1 Analisis de la correcta pronunciacion de la palabra.

RFO02 Reproduccién de sonidos con la correcta pronunciacién de las palabras.

RFO03 Contadores de tiempo.

RF04 Acumuladores de puntaje.

RFO05 Banco de palabras que sirvan como terapia.

RNO1 Iméagenes de los objetos.

RNO2 Menu inicial.

RNO3 Iniciar sesion con una cuenta personalizada del usuario.

RNO4 Animaciones de los personajes.

RNO5 Visualizacion del puntaje y el tiempo que le resta para pronunciar la
palabra.

RNO6 Uso de colores brillantes para atraer la atencion de los nifios.

RNO7 Tabla de puntajes de todos los usuarios.
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Historia

Froneme la rana esté en el borde del rio buscando alimento para comer. Para encontrarlo,
el debera brincar entre las hojas evitando caer en el agua. Para saltar, el jugador debera
identificar la palabra asociado a la hoja destino y pronunciarlo. Si el jugador no es capaz

de pronunciarlo correctamente. Froneme caera en el agua y por lo tanto, el juego termina.

Funcionamiento

Por cada vez que el jugador mande a Froneme a una hoja vélida, 10 puntos se le
agregaran al puntaje, si un mosquito estd en una hoja, 10 puntos extras deberan ser
agregados. El tiempo para pronunciar la palabra es de 5 segundos. Las puntuaciones y el

tiempo seran guardados y reportados.

Guion Grafico

Elementos de disefio de juego

Personajes:
Primarios: Froneme.

Secundarios: Mosquitos.
Descripcion Narrativa: Froneme la rana esta en el borde del rio buscando alimento para

comer. Para encontrarlo, el deberd brincar entre las hojas evitando caer en el agua. Para
saltar, el jugador debera identificar la palabra asociada a la hoja destino y pronunciarlo. Si
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el jugador no es capaz de pronunciarlo correctamente Froneme caerd en el agua y por lo

tanto, el juego termina.

Retos: Saltar de una hoja a otra pronunciando una palabra de manera correcta.

Vistas de juego: El juego esta disefiado con una vista isométrica.

Restricciones: Escoge una hoja para saltar en ella entre una serie de opciones, saltar de

una hoja a otra en un tiempo determinado.

Recompensas y castigos: Saltar de una hoja a otra dentro de un determinado intervalo de
tiempo para ganar puntos o si Froneme cae en el agua el juego acaba. Si se brinca a una
hoja que tenga un mosquito, se da una mayor cantidad de puntos. Por cada vez que el
jugador mande a Froneme a una hoja valida, 10 puntos se le agregaran al puntaje, si un
mosquito esta en una hoja, 10 puntos extras deberan ser agregados. El tiempo para
pronunciar el fonema es de 5 segundos. Las puntuaciones y el tiempo seran guardadas y

reportadas.
Elementos interactivos: Los mosquitos representan la comida de Froneme, las hojas
permiten a Froneme brincar de una hacia otra, identificadas con un fonema y por ultimo el

agua que Froneme tiene que evadir.

Retroalimentacién: Al inicio de la ronda se activara el reconocimiento de voz y cada que

acierte con la palabra.

Diagramas conceptuales
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Modelado de Datos

Para la informacion que se manejara lo mas conveniente es una base de datos en la cual

se registren los usuarios, los datos del juego y las palabras del diccionario.

Interfaces de Usuario

Las interfaces deberan ser intuitivas para los nifios, el uso de iconos faciles de entender
es primordial para el desarrollo de estas.
El inicio solo cuenta con la imagen de fondo, el nombre del videojuego y los botones para

iniciar el juego, ayuda y créditos.
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El juego consiste en una interfaz que muestra toda informaciéon del estado del juego,
puntaje, el tiempo que queda, las hojas con las palabras animacidon que muestra si se esta

escuchando al usuario y el boton de disparo.
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Cuando Froneme cae al agua, la aplicacion arroja un mensaje notificandole al usuario que
ha perdido, en caso de querer comenzar de nuevo, el usuario debera dar Aceptar a la

alerta que la aplicacion le muestra.

iFroneme se cayo pero obtuviste 10 puntos!
:Deseas iniciar de nuevo?

| Evita que esta pagina cree cuadros de dialogo adicionales.

Aceptar ‘ Cancelar

!

La tabla de estadisticas, se puede acceder una vez que la actividad finaliza y muestran

los primeros 5 puntajes mas altos con sus respectivos usuarios.
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Matriz de trazabilidad

RFO1 | Andlisis de la correcta pronunciacion de la palabra.

RF02 | Reproduccion de sonidos con la correcta pronunciacion de las palabras.

RFO03 | Contadores de tiempo.

RF04 [ Acumuladores de puntaje.

RFO5 | Banco de palabras que sirvan como terapia.

RNO1 | Imagenes de los objetos.

RNO2 [ Menu inicial.

RNO3 | Iniciar sesion con una cuenta personalizada del usuario.

RNO4 | Animaciones de los personajes.

RNO5 | Visualizacion del puntaje y el tiempo que le resta para pronunciar la
palabra.

RNO6 | Uso de colores brillantes para atraer la atencion de los nifios.
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RNO7 | Tabla de puntajes de todos los usuarios.

Herramientas a utilizar
Lenguaje de programacion

Para dar solucién a los objetivos planteados y cumplir con todos los requerimientos, se
llevara a cabo la programacion para PC con ayuda de varios lenguajes de programacion
como HTML, SQL, CSS y JavaScript.

Reconocimiento de voz

El reconocimiento de voz, se llevara a cabo con el APl de “Google Speech” la cual captura
la voz del usuario, se digitaliza y envia al servidor central de Google que devuelve el texto

reconocido en un arreglo con las posibles palabras u oraciones que se pronuncio.

Sintetizador de Voz

De igual manera Google cuenta con el api para sintesis de voz compatible con distintas
plataformas el cual se denomina speech.tts, donde se analiza una cadena de caracteres y

genera un clip de audio.

Base de Datos

Para la base de datos se utiliza SQL, lo que nos permitird almacenar de manera ordenada
los usuarios y los puntajes de los jugadores, de manera que se pueda analizar al usuario

de acuerdo a las actividades que ha realizado.

Disefio Grafico

El disefio es una parte importante, ya que debe llamar la atencion a nifios y ser
presentable, para ello se utiliza el programa Corel Draw para el disefio de los personajes y

elementos que forman parte de la interfaz.
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Definicién de un estandar de programacion

El desarrollo de este proyecto se llevara a cabo utilizando tecnologia Web, y en especifico
los lenguajes de programacion: HTML, SQL, PHP, CSS y JavaScript. Cada uno de ellos
con diferentes finalidades y en archivos independientes. En las secciones siguientes se
describen los estandares a considerar para la implementaciéon en los lenguajes

previamente mencionados.

HTML
Este lenguaje permitird realizar la implementacion de las interfaces de usuario y no
deberd contener dentro de los archivos que contengan cddigo fragmentos de otros
lenguajes de programacion, excepto para llamado a librerias. HTML se basa en la
utilizacion de etiquetas que contienen palabras reservadas, las cuales son interpretadas
por el navegador web, y traducidas a elementos que se despliegan en él mismo.
Los archivos que contengan codigo HTML del proyecto, deberan ubicarse en el directorio
raiz del mismo, y tener nombres descriptivos de su contenido (como menu.html vy
bienvenida.html), que comiencen con letras mindsculas y que en caso de estar formados
por mas de una palabra se ajustaran a la notacién dromedario.
Es importante mencionar que debera existir en el proyecto un unico archivo “index.html”
gue fungira como pantalla principal a ser mostrada al usuario.
Con respecto a las etiquetas de HTML, éstas deben ser escritas con letras mintsculas en
su totalidad y se debera cuidar que la anidacién de ellas se denote con indentacién.
Finalmente, se requiere que todos los elementos que se declaren en el cédigo HTML y
cuya instanciacién asi lo permita, tengan asociado un identificador (atributo id en la
mayoria de los casos), mismo que permitirda su manejo desde otros lenguajes de
programacion. Los estilos de los elementos que se definan usando este lenguaje no

deberan ser definidos explicitamente in situ.

PHP

La principal funcion de este lenguaje en el proyecto, es proveer un mecanismo para
realizar conexibn con la base de datos, que permitira almacenar datos para

posteriormente poder generar estadisticas de uso. El lenguaje PHP se ejecuta del lado del
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servidor, y a pesar de que en este proyecto se usara Unicamente para asuntos
relacionados a la base de datos, su utilidad no esté restringida a esta tarea.

De la misma manera que sucede con los archivos HTML, los de PHP no deberan
contener cédigo en lenguajes distintos, con el fin de mantener siempre una estructura
legible y ordenada, excepto en los casos en los que se requira agregar cédigo SQL,
llamados a procedimientos almacenados y creacion de estructuras JSON. Ademas, éstos
deberan colocarse en una carpeta llamada “PHP” dentro del directorio raiz del proyecto.
Los nombres de los ficheros PHP deberan seguir la notacién dromedario, es decir,
empezar siempre con minusculas, y si el nombre esta formado por mas de dos palabras,
cada una de las subsecuentes debera comenzar con mayusculas.

Deberé existir un unico archivo llamado “conexién.php”, en el cual se tenga la informacion
y el codigo necesario para llevar a cabo la conexién con la base de datos. Los demés
archivos que requieran hacer uso de esta caracteristica, deberan realizar un “include” de
éste.

Es importante mencionar que el indentado debera considerarse al editar los archivos para

denotar jerarquia u orden de elementos.

SQL
El lenguaje SQL sera utilizado en el presente proyecto para llevar a cabo consultas y
operaciones sobre la base de datos del mismo. Es deseable que las operaciones con este
lenguaje se lleven a cabo a través de procedimientos almacenados, pero igualmente es
admisible que estas se coloquen de manera explicita en los archivos PHP.

Las palabras clave de las sentencias SQL deberan escribirse siempre en mayusculas.

CSS

Con la utilizacion de este lenguaje se tiene como objetivo definir estilos para los objetos
que se presentan en la interfaz de usuario del juego serio a desarrollar, pero ademas
jugara un papel importante en las animaciones que se crean para él mismo. La definicion
de hojas de estilo CSS, se lleva a cabo en archivos independientes del resto del cédigo
que se deberan colocar en una carpeta llamada “CSS” dentro del directorio raiz del
proyecto. Preferentemente sélo se creara un archivo para este fin, pero en caso de ser
requerido por el equipo de desarrollo, otros mas podran ser elaborados cuyos nombres

deberan ser escritos en notacion dromedario.
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Al disefiar hojas de estilo, se pueden definir formatos en distintos niveles, para un
componente en especial (por id), para una clase de componentes (por class), o para un
tipo de elemento general. Para este proyecto, al definir CSS, podran definirse estilos para
los distintos niveles, partiendo siempre del principio de que el objetivo es que los estilos
se difinan de la manera mas general posible, dejando solo detalles a nivel de clase o id.
Nuevamente, el indentado debera ser considerado al llevar a cabo la creacién de los
archivos CSS.

JavaScript

JavaScript es un lenguaje que se ejecuta del lado del cliente, y es comunmente usado
como parte del backend de proyectos web en los que se requiere procesamiento y
validacién de informacion. JavaScript, al ser un lenguaje orientado a eventos, permite
capturar éstos con el fin de ejecutar acciones y favorecer la interaccién con el usuario de
manera sincrona o asincrona.

Para este proyecto en particular, JavaScript se utilizara para administrar la interaccion con
el usuario, y como nexo del juego serio a desarrollar con el APl de Google Speech que
permite el reconocimiento de lo que el usuario dice y su procesamiento como texto.

Los archivos que contengan codigo en este lenguaje, deberan ser colocados en una
carpeta llamada “JS” dentro del directorio raiz del proyecto. El nombre de estos archivos
debera seguir la notacion dromedario y ser descriptivo del proceso que llevan a cabo.
Dentro de los archivos, los llamados a librerias deberan ser colocados en la parte superior
de los mismos, posteriormente, debera llevarse a cabo la declaracion de variables
globales, si las hay, anteponiendo la palabra reservada “var”, y considerando que todas,
excepto las constantes deberan seguir la nomenclatura dromedario. Para el caso de las
constantes, sus nombres deberan ir completamente en mayusculas.

Las funciones que se deban declarar usando este lenguaje, seran creadas usando para
su nombre la notacion camello, es decir, la primera letra de cada palabra que los
conforme debera ser mayuscula, incluyendo la primera letra de su nombre.

Al igual que en los casos anteriores, el indentado debera considerarse al estructurar el
archivo y dentro de éste, no deberd existir en medida de lo posible cédigo en otros

lenguajes.
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Appendix C
Context Model

CONTEXTO

Nombre del contexto

AMBIENTE

PLATAFORMA

Tipo

Nombre de la plataforma

Nombre del ambiente

SOFTWARE

HARDWARE

¢ Es ruidoso?

Nombre del sistema operativo

Nombre del equipo

Version del sistema operativo

¢ Permite reproducir sonido?

Software de reconocimiento de voz

¢ Permite recibir entrada de voz?

Software de sintesis de voz

¢ Permite uso de camara?

Formato a ser llenado por el analista de requerimientos

Static Therapy Models

CAPACIDADES

AUDICION

0IiDO 1ZQ.

OIDO DER.
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FRECUENCIA DE
RESONANCIA

UMBRAL DE
AUDICION

FRECUENCIA DE
RESONANCIA

UMBRAL DE
AUDICION

Unidad de medicion

Unidad de medicion

Unidad de medicion

Unidad de medicion

Valor minimo

Valor

Valor minimo

Valor

Valor maximo

Frecuencia

Valor maximo

Frecuencia

Unidad de medicion de la

Unidad de medicion de la

frecuencia frecuencia
Formato a ser llenado por el especialista en terapia del lenguaje
CAPACIDADES
HABLA
VOZ PROSODIA
TONO DE VOZ VOLUMEN VELOCIDAD ACENTO FRASEO

Unidad de medicion

Unidad de medicion

Duracion de silaba

Variacion en tono

Tiempo entre

palabras

Valor minimo

Valor maximo

Palabras por

segundo

Volumen

Valor maximo

Pausa dentro de

las oraciones

Duracion de silaba

Pausa entre

oraciones

Enfasis

Formato a ser llenado por el especialista en terapia del lenguaje
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DISCAPACIDADES

TAREAS AFECTADAS DISCAPACIDAD
TAREA TAREA TAREA Tipo
AFECTADA 1 AFECTADA 2 AFECTADA 3
Tipo Tipo Tipo Nombre
Nombre Nombre Nombre Detalles de la discapacidad

Objeto relacionado

Objeto relacionado

Objeto relacionado

Detalles Detalles Detalles
Nivel de falla Nivel de falla Nivel de falla
Formato a ser llenado por el especialista en terapia del lenguaje
TERAPIA TEORICA
Numero de sesiones
ACTIVIDAD ACTIVIDAD ACTIVIDAD ACTIVIDAD
TEORICA 1 TEORICA 2 TEORICA 3 TEORICA 4
Descripcion Descripcion Descripcion Descripcion
Objetivo Objetivo Objetivo Objetivo
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Duracion planeada

Duracién planeada

Duracién planeada

Duracion planeada

Recursos fisicos (Tipo y

descripcién)

Recursos fisicos (Tipo y Recursos fisicos (Tipo y

descripcion)

descripcién)

Recursos fisicos (Tipo y

descripcion)

Formato a ser llenado por el especialista en terapia del lenguaje
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Appendix D

SEGA-ARM: A Metamodel for the Design of Serious Games
to Support Auditory Rehabilitation

David Céspedes-Heméandez',
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ABSTRACT

Hesring irpaimmerds ate widely recognizmed as one of the most
copmnon dissbibfy that affecte mage peopl. There are ceveral
workis addressihg the design and dewelopimert of systens for the
rehabiliatiosn of wusers with disabilites, a well ac for the
defmiticr of models to express ther capabilities and dicabilities.
Thiforbanate by, when e wrant to dewelop Rteractive systems to
accict hesring inpainmernt therape, donowledze of analeeic and
decign, typical of the methodologis i abeert. In thic paper e
troduce SEGFS-ARW: 4 metamodel to apport the design of
serione garnes for audinry rehabilitation , considering concepts
Telate d to speech therapar e ssione , user ¢ gpabilities | the ©oxde 1t of
nse  ahd concepts related to serions game s design. The proposed
sobftion is prowided using & send-forma] TTRIL notation. Tao
gahe prototypes ame preserded to waldate the wdbilite of the
application of the metanode ] for serdons games deve loprrent and
to point ot e rertilization and e teneion.

Categories and Subject Descriptors

H52 [Informnation iterfaces  amd  presendabiom]: TUser
Tterf ac ws— Prototypene; user-cergered design; K80 [Persomal
ComEting] : Crapes

General T erms
Decign, Theory

Kepwords

Model-driver,  dewe lopenert, speech  theraper,
Human-corppater  hiteraction, hearmg  Inpabment,
implart , nser-centered desis.

SETIIE  Fattes
cochlear

1. INTRODUCTION

I ceveral cortexts such as healthesre, miliarye and e ducational,
gates have been applied ac & way o dnprowe ckills and for
training profe ssionak [1] [2]. This type of gates & called serioas
gates [3] [4]. Despite the fact that the concept of seriois gawes
fteelf, might be coreidered s an cogEmoTOn sce “C“Gemmes are
i renly fim and ot seriows™ [5], it is mrpottant to clarify that

W riversité catholique de Louvain
Place des Daoyens 1
Louwvainda-Mewye, Belgium
Jorge. perezmedinai@uclouvain. be

Benem érita Universidad Autdnom a de
Puehla
Ay 14 Sury San Claudio, Puebla,
Mexico

Juan.gonzalezG@cs. buap. mx

matyy Works had been comdacted i the field addresshg the
dewre loprrent of these guanes abrays corsidering fim 4 4 am
comuporert of thern [6]. Sewveral words addresehg the design and
dewe loprrent of gestems for the rehabilitation of users with
drabilities [7T] [2], a5 well ac for the defhibon of meodels to
express people s capabilides and dissbilities [9] [10] had beean
carried oz, Horevrer | even though he stk inpaimment is wridely
recoghized ac one of fthe most coraron dicah dities [11], there ic &
lack of work focusivg on providing took to ease the design and
dewe loprrent of appliatioms for the dommin of audiorye
rehahilitation . Bthie serce  the objectine of this work & not onlye
to prowvids am application that may be usged to help on the
perfonbarce of accicted therapy sesciohe, it to propose a
definition of modelig elemerds alorg with the i e licreh ps ard
mles i order to ehab ke the Teation of sanardic models | foat e
later Tesult on the frplaventation of o fanibe of serime ganes
wih the pumpose of apporting the process of audionye
ribahilitation  meaning by this s metarnode] [12] for the desigp of
SeTionls garhes to support auditory Tebabilitation.

The rest of the paper i stmachmed @do secHons. Section b
preserts i state of the at wih relewvart concepts to auditory
rehabilitation and cerions gamecs, ac wmell ac other melated works,
atd the description of usefiul tedmigues and tools for the
dewe loprrent of this project. For the descriptioe of the e ldborated
model, section three fTsthy presents the packages ihwhich & &
dirided. Later, i order to facilitate the comprehension of fhe
model’s clacses g case shudy i farodueed | Firalbe, etane e the
case shudy, each one of the packazes” e lanert i described. In the
fonmth section ,a discussion on the characteristic s of the full rodel
atid the rebtiohchips that eist between classes of de differsnt
packages iz carried o, drodacig 4 second case smady. Last,
conchisions and fubme work are mentioned i secton roopnber
finve.

2, STATE OF THE ART

2.1 Concepison Auditory Rehabilitation

In order to better wmderstand the aim of fhe present woki, 4 set of
Coml epte Telatire to anditory ehabiltation and serions garmes has
to be defied.

Eehabilitation ic the dyranic process by which plgesical | sensory,
atid merdal capaciies ame restored or developed i people wih
diabling conditions [13]. When i comes o rehabilbation for
anditory dicabilities | it ic coversd main by by speech fherapy and
relif ore ed tor oo odpational and phoreical theraper, The oaocess of 4
rehabilitation program depends on wearions factors : tining, patisnt
dbgnosic ad trestment planinge [14]. For fhe paaposes of this
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partioa bt wod, onbyr cpee ch therapy & addressed. Speech therapy,
alen Mream as speech- lmgnage pathology, is the relubiitatise
treatmerd of plyeical andfor cogtiie disorders remilting
diff ikl to perform werbal comeramication. Speech therapists
agses diaghose | reat atd help to prevert diorders related to
speech, langiaze and other ekmente of Corrromic stior [15]. The
ultimate goal of these specialiste ic to help patisnts dewelop or
Tecower Ielighle commmnication atd other skills. hiost speech-
lamgnage pathologists wod wih determined age groaps, aach as
childrer, or elderly and foois om the treatrert of certain
conmrmtication probleme , mach as those rembing from srobes or
hearig loss [16].

Hearing p ainment may be caised by diff erent factors, oach as,
acciderds, wiral diceases, noice, and geneti  causes  [17].
Dependitg on the badiground of the patierds with hearing
Impairimert , arnotg other cheefic diones , they can be Categorized
Irto baro groups: prelocative (loss hesring toke place before the
ac quisitice, of spobien lahgnage ) and postlocigtive (patierits whose
lozs of hearirgz has tabien plaice after the dewelopeiend of the basic
ckille of spobien lagaage’ [18]. Orce a hesring Inpainment has
been disghosed, the specialiste Dwoled on the patient’s
treatmert, etvahiate the best option in order to fvprowe hisher
conditiones. In fhis serce, some of fhe patierts moy be candidates
to receive a cochlear dnplvt ac the ore mevdiomed in the case
shady (Subee ctior 3 .10 of fhe preserd o,

O cochlear implant [19] is ahoeorordc device that stime late < the
aditory rerve to alloer somd perception. R is composed bee an
extemnal comrporent that receimmes iooming soumnd, processes i
and frarsfers the rembtant sigpal across the shin, Smother devdce
recemres atd decodes the tramamited sigpal ad sirolates the
aditory rerve directlr, bypassig the hair cells that Dmplerrerd
the first stage of audibory nemral processig @ noonal ears.
Aecorditg to the HMational Inetimte o Deafhess and Other
Compvomic aticyy Disorders (HMIDCD) on the Thaited Jtates of
famerica, by Decawnber 2012, spprodimately 324 200 peoplk
ror Lbaride huanee Tece kred cochlesr fmplavds [20].

atfecied Tasks 1| disabilityModel

- —- | disalilit s
X _ disabiliyOetails |
i “typer :::‘}— |
NE 1

Figure 1. The disahiiby moodel propoesed by Kaldands [10].

22 Concepis on Serious Garnes

To defiie o serions gane , [21] begihe by defining o gane ac a
ploreical or merital challergze | that i plored according o specific
mks, wih the objective of ameine or  erdertainig the
patticipard. Ther ,copitivoze s to baild the defindtion of 4 wide ogaire
ac 4 Mertal challenge that is played throagh o coespnater acc ord g
to certain mks for ertertsironent, i or to achiere 4 goal. Awmd
finally, provides the defindtion of a serions game a0 a mertal
challenze, pled throagh o compnater accorditg o specific males,

which nuses erdertaionent rmecharnions to achiete faling or
capac itation goak i oareas mach as edocation, health and militar,:

Huotice that i the rest of the paper, this is talien as the defindtion
of 4 serions game , fet poiding out that i may also consist of
plyeical  challehges ez, tongae motenert, phoheine
proroatciation, and lips momremnerd’). The derest onthe weage of
selionis gahes oh Tehabiliation les om the fact that i has been
demcoretrated that they DuTease motreation towards therapy
secciope  which Tepre sevds 4 rajor problem due to the Tepetitive
ruabare of exercices [14].

2.3 Relaied Work

Softerare decigpers may achdewe the goal of expressing the
cap ghilities amd disabilitie s, alorg with other valable heights of
4 meer to developers wia “Fersoraas” models [9]. “FPersoraas’ are
hyp othetical archetypes of acbial veers avd their description e
consist on differert aspects acorditg to what is ktended to male
the dete bpenent teath soarare of . Shternatebr, i [10] 2 metarmodel
wras proposed by Kaklanic to allowr the expression of the whole
ner capabilities and dicab ilitie s with the Tdention of wirbial user
modeling. The main adwvantagze that wwas enconrdered owhdle
corrparitg the “Persoraas’ epresertation to this ce cond proposal,
iz that “Perscoraas™ prowride ondy 4 nabaral limanage description of
the characteritics of the waser, while Faklanic® disabilite and
capahility models” smachmwe allows thelr represerdation on 4
machine-readable fonnat.

For the presert work the dEabilite mode] by Eakilands, shovwm
Figmre 1, is concidered as i was defined, sice it prowides a
geheric desoiption, of g kind of dissbilities with fhe afected
tasks om i fvweobeed, while the capabiliy model was o b
simplified to exiract from it onde those parte Telated to the hearing
atd speech ckills, and evciched with characteristics that aithors
mertion as relevard for the domain of speech therapy # children,
a1ch as lodress , speech rate and phrasing [22] [23].

Conceming seriois gamhes design, an effort has been realized by
several authors, i order to abstract ©ovponerds that lead to the
definitioy of 4 guide on what to be aarare of whet dewe loping 4
gatne with fhese daracteristics [24][25]. Hoarewer fhere i ot et
4 copsernois on fhe components or elemerds fhat shoald be
considers d when ped onhing de sizn and inp krmentation, Table 1
preserds somne of the desigp elamerts that are noialbe taber o
acconmtfor the developmert of goanes [24-28].

Blore cvrer, L ovgstre et & Cooper [29] proposed 4 corw epbal goide
for developrnerd of serionns garres to mpport higher edocation,
the Ir copepbaal definition mchides most of the desigp elernets
reported on Table 1, Wt a4 stmachmral notation was not provided
atd the relationchip bebaeer the wrolred elaherte ic onbye
explabied @ a narTative  manver, mabiing e reatilimation
cotrplicated .

In this cectiot, & gereral parorams of the domaih comcepts was
provided i order to facilkate the conprehension of fiumther
sections. Hleo, related wworks are coneddersd and desoibed,
poiting oot their usefalmess for acconplihing the objecties
preserded on sectior ore, ad also rep orting the T 1initations .

Finally, talibg o acc o the corcepts addresced mothe last baro
mibsectione , 4 decision was made to coreider the proposition of 4
e tarrode ] costp osed by thres main packages: Coribest, the oretical
theraper, atd perf oome d ferapy, and to add it the defimition of 4
serimls garves desigh e leaterds o ter sion.
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Tahlke 1. Garne design elevnents in the hber e [24-3 8]

Gramne

Design
Elamnend

I e ipitiom

The definition of characters alloars user
erFagerrent tothe gamne ad prowide s fhe
poscib ity to defive actione. Helps frproving
the plower experience. Coxsiders both, playsr
atd ruot-player characters

Characters

The Tatictual of the gamve described inoa
TuaTTatiuee ey, protaotes the fraversion of the
player, helpsto defive the nee ded resoarces,

characters , @t e chatdc s and choallsges.

Harrative
de s iptiom

The definition of challergesto be faced dorig

the gareplay, gives the phyrer the opporbmibye

to oy histher shills and to compete either with
4 partrwer or with the gane doelf.

Clhua leryze

Dretenmive s the levelof frenersion that is
decided touse the gore . The mostused
poit of - perspectires for garmeplay ate
first-percon , third -person , third -persorn tailing,
ovrerhe ad, ard thres f oarfhs dsoere tric .

Type of wiewr

Corwstraiits determmine characteristics of the
challeryzes (e.g., Dnited tive or resoirces ,
Copppetitive atd cequerdial activitie s,

Constraits

Establiching a rewrard system (e 2., polts,
badge s, lewels and leaderboards’) alloars
irprovkgthe plorer experisnce ad
motvating hithder to achiewre 3 goal.

Earards

e rith renararde  the e stabliskinent of
puickanerds  qach s 4 deaanent of poits,
and loshga life mthe gome mmoticeate s the
user to achieve a detennined goal.

Puniclemetite

The definition of Mteractne elanerts aIpports
the fremersion of the player oh a virbialworld.
Thelr definiion helps to desigh player tasks.

Friteractite
eletheris

For each actiom perf omme d b the plarer, the
gatte provides 4 reaction. B this wray, the ucer
iz aarare of the consequences of histher acts on

the Zane and ah appearatce of coptinnos

Feedback

dialogis givento hither.

3. SEGA-ARM: AMETAMODEL FOR THE
DESIGN OF SERIOUS GAMES TO
SUPPORT AUDITORY REHABILIT AT ION

For achiewing the objectives mentioned on the firedaction, 2
metatnode]l  (SEG&- SRR iz proposed, corsidering for its
definitioy comcepts Telded to cordext, mdionr rehabilitation,
plavred therapy, pedfonned theraper, shd serions games design
elernerits.  The elaborated model ic divided for s best
conprehension sl nsaze hitn three packiage s, preserted m Figme
3, and an extencion shown i Fiome 4, each one of then
iderdified b o differert color avd name | and desigped to contain
elepherits that sapport the desigp of serions games for auditory
rehabiliation.

By the et of this sectior, SEGA-HFM is desoribed o detail and
explained throagh a cace soady of 4 serions gamve design for
ampp ortitg the process of rehabilitaion of 4 patient with 4 deep
Yypoacnsia coxdition, Tec ipiant of 4 cochlear Bnplat.

3.1 Case Study

The caze sidy corwists on 4 scehario in which the desizh of a
SeTionis gathe i required i order to oapport the therapy sescions
copducted by a speech therapit for o sbe pear old mak patient
disgrosed with deep bilateral Ioypoacusia who has recenthe
received a cochlesr inplavd. The fherapist has akeady performed
tecte guer the patierd to detenmnine hic exact condition and comts
or 4 full e xpediad desaibing his capab ilitie s tonarards he srig and
speech ckille. The iterdion wwith the required game i to extend
atd complanent fhe therapy sessiote that the patient aleady
Teceive s with sessiones corvdacted o hiomee ¥ i his hoene as those
miggested b [30]. The laguage therapist wwante the game to
reivforce ore of fhe therapy activities that the patierd finds to be
Tepetitive sice it has to be pedfonned i abmnost ewery single
S8 EE10T.

Haure !, The exeardse (ouduoed inofhe therapist' s office.

The exercice consiste on that the therapkt chooses a series of
photemes sharig 4 corsohard (e 2., A, e, i, o, and o),
write thetn dovam of a notebook as shonar, i Figure 2 pottingg the
copsoradt oy obe cobmem of the page and the woarels Ihoanother
et to i, then agks the patierd to pronomee each one properke
while copmecting the copsonant with the womels aith live s, and
then repeat this tack cewreral tivne s avd wrih differerd phoorete s,
Thiz actiwity ¥ desighed to be performmed in spproXibatelr ten
mirortes ard aleo considers phonerne wisial recognitdon by the
patient R is ako knoam by the therapist that the patient comits on
a 10,17 tablet with Sndroid 4.2 05, The fommation that the
specilict possessms has been smicbmed @ tenne of the here
proposed metanodel ac g vy to facilitate the commrnmic ation
bebareery the speech therapist and the gomne dewelopimsnt tesn,
The following section reports as  an ietawtistion of the
metanode 1 clagses and huar data wras amanged and organized.

3.2 Description of the Classes Ivobed on the

Model

The folloaring subeections are for nsed for providing & detailed
description, of the packages and classes that tale part on SEGS-
LFM. For ewery single package that ic described, there ic an
Inetardistion i teryme of oar case sbadyr rdro duced on section 3.1,

3.21 The Covfexf Fackage

B package designed to mderstand the Cowngeot [31] @owhidch the
user Fteracts with the spcten, atd to provide the dewe lopers with
4 brief descripticsy of releward characteristic s to mebe decicions
abont what deractive modalify to iplament, ahd Tesomces
selection oz others. The Conbect ic devdifed by an id and a
descriptive rame  atd coefomre d T an Ervizonse i, o Pl giivm
atd a user (Padens).
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Figure 3. The Condexd, Theor et al part of the Therapy, and Thymarni al part of the Therapy package with their relafionshaps to the
s fgamne edension of the SEGA-ARM matarmodd proposed.

The Environwent desaibes the plogesical place o which the
Tteraction ocomrs. For the specific domain of thi wods, # is
T Cessaly to poitd ot if # is noisy or hot, shd to gEee o4 nathe,
a3 and 4 type (ie.,exterior or Tderior).

The Fegrm dfnition ic caried o to detennine the
characteristics of the device that is goie to host the application,
and k fonned by o Sofhwere Flagfivem and o Herd wereFle fovm.
The Software Fagfven represents those characteristics e hitfve to
the sofbarare o the hosting plaffonn ie. operatihg opstein hatne
ard wersion, as wrell as the gpeech recognition foprdhesis softarars
o it nstalled, while the HerdwereFagfivem clase defines
chuarac teristic s e gar ditgg the hardarare of the hosthg plafonn and
Televarit to the dobain, sach ac the possibilite of neig coand
ondpats woice dpndte O 4 Carrera.

By oo eanple, the comtest owhich the therapy sessione take
place iz defined by a therapist’ office & a nonm-noky, hiterdor
ervirorrterd, has not platforrm and the wser role on it is talien b
the patient, meareahile the corte 2t of 1se of the application that ic
Ttetided to be deweloped, is composed by the patient® howe as
hoh-holsy hiteTior erwArorethent, e 10 .17 tablet writh Sndroid Jelbye
Beat 4 2 operatitg systern, audio outpert, woice gt ahd camhera

nusage ehabled writh anodroid speech reco ghitioruepnthe sk sofharare
ac platformn, ahd the patient as user. Hote that even though the
chartacteristics of the cortext mmist be talien frdo accomt by the
cerionis gathe’s decigrer; the inplemnerded sobmbion may ok
utuder other s inilar comte e as wrell.

3.22 The Shafic Part of fae Theray Faclkage

The piorpose that ic paraed with the desigy of thic padkage ic to
provide the speech therapistwih a saniformal notation to e apress
the characterictics of a therapy plan, keepig that mforrmation
stoachmred inoa vy that resals mnderstandable for serions ganes
decigrers. The defimition of thi part of the model was fwpired
1 by by fhoe o dore by Kalilands for modeling o Wirtual Tser
[10], externded to allowr the expression of 4 full auditory therspre
segeion program, and enriched swrith concepts fomd oz to e
relevnt for patients of saditony rehabilitation on the litershie
[23] [23] and throagh the sttendarice to speech fherapy sesdons.
Ohetracted from the full capabiliey model [10] that desoibes
ploeical, cogniive and belarioral vcer chatacteristics | for the
specEic domain of this wods ,the Chpa Mifig o el preserded as
part of this paper, onby considers the e lanerds relbited to speech
atd hearing.
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The only parametsr i the Hegping container i the Egr that i
b acte a¢ ore for the wabies related to each ear of the user
ResauenceFrequency and  Heering Threshold.,  The  Specch
cobtainer ehides Faoice and Prosody elanerds, ol elelrerts
tchde Fssh and Loudness, each one with ite e same 1mite snd
wahies: whik Frosady ic formed by Speechfese, Foice St ss and
Fhrasing.

& Disebifiey Madel [10], allowrs the desoiption of all the
dizabilities of fhe nser a5 well as the affected by themn tasks. For
each dicabilify, & hame and a tpe (eg motor, sodiorny, ad
wocal) mmet be provided | and it ic related to affected tasks. For a
deterzmined Diselifiyldidel, o Theoreticn ITherapy nuy be
proposed. & Thwoveteal Therapy is a full rehab ilitation plan and
corsicts of 4 certad rommber of seccione and 4 ceries of the oretical
activdties. £ Theopation idetvity is b, 4 series of actions with
4 Corrarorn objective to be perf ontue d by fhe patient ether neihg or
not FRyscelResoipees (&g, 4 mirror, sticks or cards). The
plarred daration, objective and desaiption are sbrbozes of a
Theoreticaldofivity .

For oo case shady, the disabily ad capabilie models
comespotd to the disgnosis that wras Tealized by the specialit i
cpeech therapy. The dissbilite that 'was encomdersd is deep
Yoypoacasia, and the affected tasks by it, are hearing and spe abing.
For the capabiline model, & the hearing bravch, the patient
preserds hearing threcsholds of more than 90 ABE nHL for
frequercies of 1000, 2000 and 4000Hz @ both ears; and a
resomatce frequency bebaeen 800 and 1 200Hz. For the speech
brarch, fhe patierd’s woice 'aras e anmwed, geting as wabae s for the
pitch 250-300Hz, and 73dE for the masdmemn loudness, The
prosody was aleo atabrmed, obtadhing for it tepical resaks for a
patierd of the age and comdifon as fhe prewioushy described.
Comesponditg to the dentified disabllie, o rehabilitation
prograrh was de cigne d conprising appro xdmate b 300 honrs to be
provided it half an b, bamo tites 4 weel sescione. One of the
activdties to be perfomte d beyr the patiert concicte on repesting a
series of phonertes i oa determiied onder. The therapist merdione

4 phoreine and expects the patert to repeat . ¥ o phonene ik not
correctly prononmced, fhe therapist reirdorces fe proromw istion
atd motivates the nser to o ggain. The objectire of the tack ic to
mprove the patisnt’s propomcition and to get himvher ased to
repeatthe comds thathedche lictere to. For this partionlar activiby,
ondy a nootebo ok ard 4 color poerw ils are nged.

323 The Dyweanic Farfof e Theraoy Fackage

Ir order to Tepresert the oumrrert progress and perforrnance of the
Frtent toaards the therapye program, and to provdide  the
dewre lopitent tearn with & soachmwe to woderstand honar to evabaate
patient’®s activites, the dynami part of the ferapy package wwras
cregted. This package cordaine then the Frtentclase arih anoage
attritngte , Tebted to o FerfierwdTherspy which reports the
rmrber of cormpleted sescioms and  groaps objects of tepe
Fevfrveeddotvity .

b Anformwddetvity s based on a2 Theoredoaldctvity and i
main goal ¥ to keep a Tecord of the adwvance preserded b the
patient while pedonning 4 given activite. In order to alloar the
evaliation of a Aegfrweddedvity, 3 Megde class was aleo
defined. Mletrics allonar fhe use of 4 formmla o order to compatte a
wabie and to express @ ook a detenhined mesnme mik e g,
centimeters, secords ahd decibels). For the evabiation of a
foormla, a series of Ferereeses ie., dherds to be used while
evabiating, may be defined. There conld be rested metrics since
core fomnalas may need sorne others to be previois ke conpoded
i order to tabe wabies from then, Bletrics o this domua it ey be
nzefin1f o e aIrin g axtorys others  tor e moveiert (1.e. borgge
tip posiion, tomgae wibraton, and tomgne position), lips
moverrent Japper Hp mowrerrert atd lower Lp motremert),
protunme ed phorere s and bloar action,

In the cordext of the case shudy, the performed therspy and
perfonted actvite classes keep fwack on howr the patisd &
evbing and adwanec g through fe therapy program and ther
frerolred wrabies ame constardbepdated. The metric to be need for
the specific theorstic al activity described i section 3.2.2, consiss
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oy evahiating hoer o phoreane i proxonmced b fhe patient,
Tecognime it and compare it bo an expected phoneie pasced as
paratretsr accordityg to 4 specific toleran e, neig for this prarpo se
the fomrmb represerted on Figure 5 where the provotce d by the
patierd phoreaane (pp) i covpared to the expectsd phoreane Cepl
and then, f the dstewre bebmeen than B analler than the
tolerarice wabie (£, fhe aterance oo the patient ic accepted as
coImect.

Recosnition = distance[ep, pp) - t

HFure 5 . Fornnoula for redo gnnbon « cnsidering expected
phurvene {ep), whierand e (pp), and a tolerance vahae ({).

22 4 The Sericus Games Exfarsion

T atterition to the roin objective of this paper | at e xdencion to the
therapy tretanodel for corsidering seriomis games design elerrents
wras elaborated. For the proposal of this extencion, maimbye
Longsireet’s approach is coneidered [29], exciched with corwcepts
obtaimed through a deeper smvey on ceriois garmes design
elernerts [26- 28], The dention ox the defimdtion of fis e xbansion
ic to prowide developers with a toolfor passing from a harmatfve
desaiption of 4 gome to a semiforrrel soacmre that may be
related to the one of fhe core metanodel. & SeromsGeme i
conposed by Aecherios to record the player progress and to
mahage the pomchiations , ore of mary: Tetane es of the Chereogr
class to define players as well a0 non-ploper characters (VAC),
and Sivmdleton GrmeElements mach challkrgzes, nales, scerarios
and Mteractive objects,

A Charecky object represerts an entiy that realimes actions.
The s Ietatc es caty be edther a Flayer or o Won- Feyer Charactsy,
and need Resmirees i order to be properly displayed. For the
definitiom of AWACE it is pe cesearyto Zive ther o e | de cide the
relationship that they maitain towsrds the Fleper, and when
possible , prowide their zender and oalbwal fvdonmation e g
langnage , hationalite, degree wnong others [29]. In order to
havdle evente orthe gane ad desoibe the v consequences, ks
T cessaly bo define the defon class, Sn defion is represented tor
ary evrerit (g 2. Key press, click, tap, Te cogtime d word o monrernent
or scripte] that trigzers it alohg with o deccription , dration, ad 2
STIpt to execdte s conseqience. OSobiors are performed T
Flayers or edenited by WPCE and may whethier nze or not an
Tnfeygetve Qinect that are I bma, objects that belong to the
Sinmk gonEaviorment d ate ceated to spport the gare
Irteraction, for ketarce, the scenario, the floor, and colliding
objects, The SikodatonErxvironpent desoiption corcterplate s
the definition of 4 type of wiosr (v g, fiet perzon, third person, or
isommetricy [26], awd helps to hold the gone siiation ie. lewel,
state |, and tha zdnmrm amennt of emors [27] &4 narmatie Barrer.
Finallye for this package , 4 series of challenges has to be desigped
to represent the goals that ame parnued whik playing the gare . O
Challenge conskts of 4 description and is composed b ot least
ore Ciowsgeint, Constrains hay hchide one or several conditions
[rim. time, liwited resowmces, rewards, pmklenerds, and
rrard atory ¢ olldb oratice .

For the given case shody, taking oo accomd the desoiption
provided o the speech therapist for the cordext, theorstical and
dyrarmic packiages, the seriois gamme desigter proposes to
elaborate 4 garme with the characterictics that are preseded i
Table 2 and which remaltard ueer rderface ic shown b Figre 6.

It & mportantto po it ot that the def ition of some of the game
design elamerds was achisved throogh the establichanert of
relationehips betame en the therapey packages and fhe serios ganes
extensioh (e g Themedor ety and the Adetiow). Hext ce ction
emphasize s thic characteristic of SECGA-AFDL along with others
thathad not beer et addre seed .

Tahle ? . Chara cterisbics of Hhe designed serious gare.

GraTie Tuarme Froreame the frog.

Fromeme the frog & inothe edge of a rirer
bokinge for food to eat By order to go find i,
he hasto ponp bebareen leaves svoidigto fall
oy the wrater. To perf oot 4 iowp, the plarer
has to iderdify the phoreire accocised o the
destination kaf and proneance it If the player
iz mable to provide 4 comectutterance,
Fronere falls denan ivdo the water and
therefore the Zathe ic ower.

Narzative
desoriphion

The patiert represerted by a frog.

Mosquitoe s Tepre serting Fronerne = food;

leanres to alloar Fromerme povp frorm one to

atwother ident¥ied b o phohetne wrater fhat
hasto be avoided by Froree .

Tnaberactive
ohyerts

Eat mosquitoes b land iz onthe leates that
ey are oy, Jarvp fTorm ae lesf to anoother tee
Protunme g phuotierie s ard fall doam o the
wrater If ¥uot corTe ctoatteranc e i prowided on

Ak e

The garme ic desigred with o isoenetric tepe of
wriewr, and the followring gane siblatione:
Fromerme i the border of the reer (kiial state
of the gane), Froneane ona fee leaf, Froperre
o 4 leaf ocoupiedby 4 mosguito Ceating), ard
Frorere falling om fhe wrater .

Simmulation
ETRAT (nTent

The challenges freroleed dthe Zame ate the
folloaring: janp fTom 4 leaf to arother
Protuinme g 4 come ct phohethe , ionp fTom
leaf to atwther within 4 detenmire d tive
frterwal (Hine 1onit) to eam poids [Teoarard ), or
let Frorerne to fall ivto the water
[pvdshirerd]); choose 4 leaf to ponp onfroma
serie s of provided opticrs (limited resoir: es’)
and If there is & mosquito on the selected one ,
eath 4 bigger anoant of poirds (Tewrard).

Challenges

For each titne the player tabies Froree to 4
wralid leaf, 10p oivds ate goitg tobe added to
the tadget, If there ic 4 mo squibo o the
ocopied kaf, ter e s points shoald be
added. The time availdble for producivg the
phorere icfire seconds. Tine and
puchuationes are Te corde d avd reported .

hechanics

4. DISCUSSION

A it vhay be seen o Figare 3 there ate re htionchips boebane e the
therapy packages and some of the serions games desigy e krnents
extension cheses. These connections allowwr the developers to
kmonar where to exract bforrnation that is oapposed to be
represebted in the garme, std how to present it. Panchialby, there
aTe Telatiorechips bebareer: the FPefdead (Dyharmic part of the
therapy) and the Fleper [ Seriois garves) to rernarl; the fact that the

136



patierd has to be coreidered ac the player and to et sorme
rfonnation  froon  histher profile; the Ferfiewad Thevapy
(Dryrvanic part of the therapy’ and the Alecfwsics (Serions
e s, o wack the adwatwce of the player throagh the game and
give 4 feedback for the therapist; and the Theoredcaldctivig
[ Theoretical patt of the therapy) and the Adefion (Serine ganec)
i order to wmaderstand the tasks that the patiert is ampposed to
pedfonn while ploring the serioms gane. B is also fnportard to
poitt ot that thoee lewels were corwidersd while mode ling the
therspy: (1) the patiert (capabilities and disabilities), (27 the
therspy progratn (theoretical therapy?d), ad (30 the Dwoleed
activdtie s to meet the plan (the oretical act®riy). Each one of those
thre e Ewek hac equivalence o the dyraric part of the theraper
order to Beep track of the adwance and perforrmarce of the patent
throagh the therapny.

Wher comrpared to the proposal i [29], oo metanodel has the
advantage of providing 4 £ emiforrmal notation which mae be used
i a methodological process as a4 concepbaal guide for achieving
the goal of expressing and therefors bpkmenting serione Zates
for 4 specific et of theraper activitie s, Slorg with ite de soription,
it aleo allowrs identifyig the actor that is apposed to fuFill the
diff ererit clagces avd atrdboges, and prowides o defnitios of the
e laticrchips that exdst axnoryg then, Hoarever, o this paper the
use of Moowkdge bases and tawoncemies k onot copeidered
Tembting on the bek of 4 Teposiory of activiies to provide to the
devrelopers.

) [Fmiries

Figure 6 . Soreenshot of the seriows garne Fronene the frog .

Orie of the ained adwvatages of o proposal is retilization, ad
in order to denoretrate 3,4 secornd fetavdigion of seriomis gare,
cilled Foberto the robot, was realized b which the wery carre
definitioee of the case shady described i section 3 for the context
ard for the static and dynanic parts of the therap packages are
tabier, @vbo accomit, warying oy the cerions garhe extersion
elermerits atd fherefore qeating a differerd cerious gamne bt for
the sarme Tehabilitation parpose. For this cecond game 4 chatacter
represerititg the plorer called Foberto the mobot is et on o a
SCRMATIO Tepreserding the moorn amface lookig for pieces to
acgettble arocket to et to fhe Earth . B order to find therm e
has to nmoand pomp ower rocks avoiding hittihg then, To perf oom
a janp ,the player has to proxoime e 4 oequired phorere. K the
Pplayer iz mhable to prowdde a comectutteratc e, Foberto hite o rock
ard finally after 5 drpoacts falls dovem, The fderactioe objects are:
stnall Tockiets Tepre seritig Tocket piece s atd rochis thathawe to be
v ided Tor the player. The player actions are: to take Tocket
pieces by reaching then, ponp over rocks  hit rocks i no cormect

utterarce is provided o o gien oderveal, The garre was desizned
wih a thitd person type of wviewr, and the follmrihg Zane
simationes: Foberto or the amface of the moon, Foberto porping
ower 4 1ok, and Foberbo reaching 4 rocket piece . The challeryzes
frwrobeed i the gane are the followrig: joup ower rocks
pronnmc g 4 correct photierne (linited Tesources) within a
detennined tive derval (time limit) to eam poivds (Tearard ), oo
hi rodis and £a0l (pomdckanerd’y and i o rocket piece ic reached
ealh 4 bigger amonmd of poids Teward). Se mechandcs of the
gate for each tive Foberto jionps arocd, 10 points ave added to
the tadget,  arocketpiece is reached ten exirs points are added.
The tine available for produc ing the phoneme ic fie ceconds . On
the deweloprrert of thi game, showr i Figare 7, also dterface
elamerde from fhe Froveme the Frog game were Tensed . There are
alen womks on the definition of nales for defining differert nser
frderfac es as ogaat [32] bort those objectives are ot of the aim of
this paper.

0 Points

Hyure 7. Saeenshat of the seriow gane Roberbo the robot.

It i important to note as another adevartage of the here proposed
metanode] that sice the packages fcbuded on it keep a Certain
lewel of mdeperiderce towards the serions  gaomes design
extersion, k is possible to use thean, and to define Tewr extercione
i order to design and develop other tepes of sofparare sobitions
for mditory rehab ilitation e.g., disghosis, wacking, and adwisins
syeterns]. Likearize , ter deve opitg models for oftier dormain s than
anditory rehabiltation sach as educational and military, i e be
possible to relate therm to the exension here prowvided to erable
the dere lopinerd of serions games for those arrbis,

5. CONCLUSIONS ANDFUTURE WORK

In thiz paper we proposed SEGA- SFDW, 2 metamodel for the
design of seriois gatres to sapport auditory rehabilitatior., The
rerticre d o del ¢orwists of three package s, me garding the ovdext
of nse the theoretical part of the therapoy, and the dynarmic patt of
the therapy; and an extencion for its np lamentation throagh
serionis gatnes. e the descriptiom of ewery single package and
clags varas provided, fhe actors on it dweobeed (ie., desigper,
dewe lopinent tearn, atd speech therspit) were mentioed alomg
wih tasks to be perforzved b e, and a case shudy was it
etarced to allear a better understanding. Taro prototypes of
ceTimls gatte to aapport a therapy activity were dewveloped. B the
rear fumire e dewe oped S erions gares are goig to be evabiated
by a cpeech therapist th order to determine I it ic possible to
frwhide them at first as oapport tools for d-consibting-Toom
therapy sescions, and then a4 wayto complerrert and exterd the
received therapeyr sesciomes with seseiore corvdacted by the patied
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himmeelf . Aleo, more extehcione are going to be developed i order
to werifythe completeress of the metarode 1§ or diff erert ccopes.
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Abstract. Loz wvideojusgos serios han side uszdes en miltiples contextes como el
educative, el militar ¥ el dela salud. Se encuentra la necesidad de elaborar videojuegos para
soportar €] procese de rehabilitacion del lenguzje. Para esto, se propone un proceso para
desarrolle que considera actividades reslizadas en una sesidn de terapia v se sigue una
metedelogiz para generar modelos que sirvan pera 2| desarrello de jueges en dispositives
moviles que permitzn extender las terapizs v favorscer el proceso de rehzbilitacion. Se
siguen guias duramte la implementacion para garantizer 1a uszbilidad del sistema El proceso
de deszrrolle se dustra tomande como base una actividad propuestz por un especislistz en
tetapia de lempusje para pacientes diapnosticados con hipozcusiz bilateral profunda con
implante coclear, pero 12 naturalera del desarrolle del trabajo permite extender 1a solucion 2
distintos contextos v 2 casos particulares.

Kevwords: Videojuegos serios, rehabilitzcion, terapia del lenguzje, desarrollo basado en
modelos, mteraceion humano-computzdora, hipeacusia

Introduccion

Los wvideojuegos serios se definen como juegos soportados tecnologicamente cuyo
objetive principal no es el de entretener al usuaroe. Esta clase de juegos han szide
utilizados v estudiados ampliamente en maltiples contextos [1][2][3]. La rehabilitacion
ez un proceso dinamico adaptative que se lleva a cabo con el objetivo de cambiarlas
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condiciones de vida impuestas a3 un individuo por enfermedades o accidentes [4]. En
este trabajo, se trata de manera puntual la rehabilitacion en cuanto a la comumicacion
se refiere, ez decir, terapia del lenguaje. Los desordenss que la terapia del lenguaje
atiende wan desde la sustitneion de sonidos hasta la discapacidad para entender o usar
el lenguaje. Los especialistas en rehabilitacion del lenguaje levan a cabo prevencion,
diagnaostico v tratamiento de dichos padecimientos [3].

Al consultar la literatura existente, se nota falta de desamollo de aplicaciones para
favorecer la rehabilitacion confonme al conocimiento de especialistas v especificas a
un padecirmiento particular, asi como la necesidad de complementar las sesiones de
terapia llevadas a cabo por el especialista con sesiones en casa conducidas por 2] pa-
ciente [6]. Se identifica asi, el requerimiento de Interfaces de Usuano (UI) altamente
mteractivas v usables v se propone segnir un enfoque basado en modelos para desamo-
lo de un wideojuego seno cuyo objetivo principal es penmitir 2 pacientes de terapia de
lenguaje extender las sesiones que reciben v poder efectuarlas en mmltiples contextos.
El proceso propuesto en este trabajo comprende, 21 analisis de las actividades realiza-
das en la terapia convencional por el especialista v el paciente, el planteamiento de
dichas actividades en ténminos de modelos v su evolucion para legar a dizefiar con
estos Ul finales asi como la utilizacion de gnias de usahbilidad. En la seccion dos se
presentan antecedentes v proyectos similares encontrados en la hteratura. Ia seceion
tres, contiene el procedimiento propuesto para realizar el analisis de las tareas que son
parte de una actividad propuesta porun especialista, v con base en &l se realiza 2] dise-
fio de modelos que dan como resultado interfaces finales para el prototipo del juego
serio que se desea implementar. Postenonmente se presenta la evaluacion del prototipo
elaborado en el presente trabajo por parte del especialista en terapia del lengnaje. Fi-
nalmente se presentan conclusiones v el trabajo future en témmines de los objetivos
aleanzados v de los que quedan por aleanzar.

2 Estado del Arte

En la Lteratura, pueden encontrarse trabajos en los que se clasifican y describen
sistemas para rehabilitacion fisica [7], mientras que en otros se analiza la inclusion de
juegos senios en terapia para discapacidades cognitivas [2]. En cuanto a la terapia del
lenguaje, existen trabajos en los gue se evalia el uso de videojuegos como parte de las
sesiones de terapia reportando resultados positives [9]. Sin embargo, se puede observar
al levar a cabo una revision de las listas de aplicaciones disponibles para moviles, con
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el objetivo de soportar la rehabilitacion del lengnaje, que la mavyoria no cuenta con el
soporte de especialistaz, no atienden un padecimiento de manera especifica v no se
reporta haber seguido para su desamollo un método que avale gque el sistema imple-
mentado satisfaga las necesidades de los usnanos. El mcumplimiento de estos citenos
deriva en Ul poco usables, sistemas complejos v falta de aplicaciones para atender
padecimientos especificos. Al identificar estos criterios faltantes en la mayoria de las
aplicaciones, se propone seguir un método de desarollo para, a partir de actividades
dizefiadas por un experto, elaborar un sistema altamente interactivo v que siga guias de
usabilidad para favorecer el proceso de rehabilitacion dellenguaje.

3 Desarrollo

Como parte del desamrollo de un videojuego para soporte a la terapia del lenguaje se
requiere una guia metodologica que penmita de manera ordenada y sistémica resolver
el problema planteado. Existen muchas metodologias para desamollar de videojuegos
serios [10][11][12], en este caso se considera la propuesta de [13], en la gue se toma
como base el desamrollo basado en modelos del marco de trabajo CAMELEON [14]. Se
propone entonces, un proceso gue comlienza corla observacion v analisis de las activi-
dades llevadas a cabo durante las sesiones de terapia comn un especialista, para
postenonments elaborar Interfaces Abstractas (AUI), ajenas a la plataforma v a la
modalidad de imteraccion, Interfaces Concretas (CUI), ajenas a la plataforma pero
especificas a un tipo de modalidad e Interfaces Finales (FUT), implementaciones para
una plataforma v modalidad. Finalmente, se describen guias segnidas durante la im-
plementacion del sistema con ¢l fin de garantizar que sea usable v que las tareas identi-
ficadas puedan ser levadas a cabo de manera eficiente.

Para realizar este trabajo, se considera una actividad propuesta por un especialista
en terapia de lenguaje adscrito a la Unidad de Atencion Integral a la Salud de la
Umiversidad Auténoma de Aguascalientes, para terapia a pacientes diagnosticados con
hipoacusia bilateral profunda con implante coclear, la cual consiste en mostrar al pa-
ciemte nstnumentos musicales v ensefiarle el sonido que emiten. Posterommente se
hacen sonar de nueve los instnumentos sin que estos sean visibles al paciente para
evaluar silos puede identificar comectamente.
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Fig. 1. lModelo de teress para la setivided descrits uszndo notacion CTTE.

Para analizar la actividad proporcionada por el especialista, se identifica a los acto-
res involucrados en la sesion de terapia v se les asigna el rol de sisfema o de wsuario.
Comnnmente solo se involucran en una sesion al especialista v al paciente v por lo
tanto la asignacion de roles resulta trwvial, dando al especialista el rol de sistema v al
paciente el rol de usuario. Aplicando este analisiz a la actividad desecrita, se puede notar
que los actores en ella son solo el especialista v el paciente por lo que come se indica,
los roles de sisfema v wsuario se asignan de manera inmediata. Después, se realiza la
identificacion de tareas v la asignacion de las mismas al rol correspondiente. Para la
actividad descnta, ze identifican como tareas del sistema: mostrar mstnomento,
reproducir somdo, solicitar respuesta v evaluar respuesta. Para el usuano, se identifica
solo la tarea de proporcionar respuesta. A partir de la mformacion con la que se cuenta
hasta este momento, se elabora el modelo de tareas mostrado enla Fig. 1 utilizando la
notacion CTTE [15].

La tarea en el mivel mas general, recibe el nombre de la actividad v tiene naturaleza
abstracta. En un segmundo nivel, se denvan dos tareas: presentar infonmacion que a su
vez se divide en mostrar mstnumento v reproducir sonido; v evaluar avance que se
subdivide a su wez en solicitar respuesta, proporcionar respuesta v ewvaluar respuesta.
Sigumiendo los pasos del marco de trabajo, a partir del modelo de tareas, se efectiia un
proceso de concretizacion del que se obtienen la AUI gque consta de un contenedor
general, correspondiente a la tarea de mas alto nmivel del modelo de tareas, dos mas
comrespondientes a las tareas del segundo nmivel v componentes que descnben la nter-
accion del usuano con el sistema. Después, la AUT recibe un proceso mas de concreti-
zacion del que se tiene como resultado una CUL Este modelo se realiza en dos partes,
una comespondients a la modalidad grafica v la otra presentada enla Fig. 2 parala
modalidad wocal utilizando la notacion de [16]. Con respecto a la parte grafica del
juego, del modelo de AUT se observa la necesidad de contar con un contenedor general
que se traduce en la pantalla del dispositivo, la cual se divide en dos partes, una para
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presentar informacion v otra para penmitir acceder a la evaluacion. En el modelo dela
parte vocal se presentan contenedores en los dos miveles mas generales v componentes,
en el tercer nivel, que permiten la interaccion del usuano con el sistema. El componente
Sistema reproduce sonido fonma parte de la tarea Reproducir sonido, mientras que
para la Evaluacién del avance, se utiizan: Sistema soliciia respuesia v Usuario pro-
porciona respuesia.

- e ¥ DI
L e
=i = r ot =i = r ot
-] - r o1 - - - r o1
= = L] =i = Y 1
Fan Fanm.
= S 1 : s - o
S Ll
i my :
'-;-'1-\'-; -.‘:_"-.\
. [T e - [N T . . Iraoul
Zlaterms repreduss aonlds Cloterms oo llais respEuUs s Usuars prep asralons respussts

Fig. 2. Modelo CUT para 12 parte vocal del sistema utilizando la notacion de [16].

A partir de este punto, se puede llevar a cabo la implementacion de un videojuego
serio para soporte a la terapia de lenguaje. Se considera un dispositive maovil tipo table-
ta con pantalla de 10.1 pulgadas v sistema operativo Android Version 4, pero al contar
con los modelos disefiados, implementar el sistema en otro dispositive requiere solo un
esfuerzo en cuanto a programacion. Elmodelo FUI se muestra enla Fig. 3.
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Fig. . Modelo FUI para e prototipo de videojuego serio desarrollado.

De las gunias de usabiidad mencionadas en [13], se utiizaron para la
mmplementacion de este prototipo por su pertinencia vy compatibilidad con los
requisitos, aquellas referentes a la utilizacion de recursos de audio clare v fuerte,
mmagenes representativas de los elementos que fonman parte del wideojuego, la
expenencia del paciente en el uso de dispositivos moviles que puede ir desde nula
tomando en cuenta la edad de los usuanos v la vanacion en 2] volumen.

4 Evaluacion del prototipo

La evaluacion del prototipo elaborado puede realizarse tomando en cuenta diversos
aspectos, pero para este trabajo, se decide evaluar la pertinencia de la aplicacion del
videojuego como parte complementana a las sesiones de terapia utilizandoe la técnica
de evaluacion con base en la opinion de un experto [17]. Asi, una vez realizada la
implementacion, se muestra ésta al especialista que disefio la actividad de manera que
la evalie cualitativamente. El especialista califica de manera general la aplicacion
como util para complementar la labor levada a cabo en las sesiones de terapia.
MMenciona ademas que una aportacion del videojuego disefiado esta enla motivacion
gue puede causar en los pacientes de acuerdo con su experiencia personal al incorporar
la utilizacién de dispositives moviles. Sefiala también que al imtegrar la actividad
interactiva con la evaluacion de la competencia enla aplicacion, llevar a cabo la tarea
ze simplifica v que se puede extender la terapia gracias a la portabilidad que le da el
dizspositive mévil. Expresa la necesidad de aumentar la galeria de objetos que forman
parte del sisterna v disefiar mas niveles de complejidad.
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5 Conclusiones v Trabajo Futuro

Se logro desarrollar un prototipo de juego seno con base enuna actividad disefiada por
un especialista al seguir un método de desamollo que involucra analisis de actividades,
identificacion de usuanos v roles, modelo de tareas v de mterfaces v finalmente,
mmplementacion de un sistema. La validacion del prototipo fue realizada conbase enla
opimion de un experto, de la que se obtuveo como resultado una valoracion positiva.
Comeo trabajo futuro, se incorporara el uso del videojuego desamrollado a las sesiones
de terapia convencional para extenderla v poder entonces evaluarla mteraccion de los
pacientes con el sistema v comprobarla utilidad de la mcorporacion de videojuegos en
el proceso de terapia en cuanto al tiempo de tratariento requendo v el aleance
objetivos por parte de los pacientes respecta. Tambien, se desamollaran mas
videojuegos para soportar distintas etapas de la terapia.
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