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ABSTRACT 

 

 

 

 

This Master Thesis shows the process of creation of an Architecture Framework for the 

Design of Serious Games oriented to Physical Rehabilitation. This work is based on the 

standard ISO/IEC/IEEE 42010 [1] and the MDA Framework [2]. The result of this work is a 

guide that will help all Serious Game development key stakeholders to identify important 

elements in order to focus the design process towards the fulfillment of a Physical Therapy 

Rehabilitation Program. In addition, it also helps to identify restrictions that could cause 

health side effects or injuries due to the use of a serious game of this type. This framework 

also includes an Architecture Description Language defined according to   the requirements 

of the standard ISO/IEC/IEEE 42010 that could be used to diagram and interpret the 

architecture of this type of games. Finally, an evaluation of the proposed work was made 

via a survey based on the GQM Methodology [3] answered by the group of stakeholders 

defined in the framework, the last part of this work include a result analysis and a future 

work proposal. 

 

 

 

Keywords: Serious Games, Architecture Framework, Software Design, Physical 

Rehabilitation. 
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RESUMEN 

 

 

Esta tesis de maestría muestra el proceso de creación de un marco de arquitectura para el 

diseño de videojuegos serios orientados a la rehabilitación física. Este modelo se basa en 

la norma ISO/IEC/IEEE 42010 [1] y en el marco de trabajo MDA [2].  El resultado de este 

trabajo es una guía que permite a los implicados en el proceso de desarrollo de un 

videojuego serio de este tipo a identificar características clave para enfocar el diseño del 

mismo a alcanzar los objetivos de una rehabilitación física. Adicionalmente, este marco de 

arquitectura ayuda a identificar restricciones que permitirán evitar que el diseño incluya 

elementos que puedan causar daños o efectos secundarios durante la ejecución del 

videojuego por parte de un paciente. El marco propuesto incluye un lenguaje propio para 

su diagramado e interpretación. Esta propuesta ha sido evaluada a través de una encuesta 

basada en la metodología GQM realizada por el grupo de interesados en el proceso de 

desarrollo de videojuegos serios orientados a la rehabilitación física. La parte final de este 

trabajo incluye un análisis de los resultados de la encuesta más una propuesta para trabajo 

futuro. 

 

 

Palabras clave: juegos serios, marco de arquitectura, diseño, rehabilitación física.  
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1. INTRODUCTION 

The videogame industry has been around for more than 40 years, since the launch of the 

first commercial video game system, the Magnavox Odyssey, in 1972, and since that day, 

it has become one of the biggest entertainment industries in the world exceeding total 

revenues over $91 billion in 2016 and with estimated revenues exceeding $118.6 billion by 

2019. [4] 

 

During these last years, a new trend has been emerging in this business. Serious Games, 

games that go beyond pure entertainment, are videogames that are not designed with 

entertainment as a primary purpose, but they are conceived in a way that allows including 

a more serious dimension to it. 

 

This serious dimension of games is depicted as a wide area or purposes which includes 

(But not limited to) learning, health, advertising and social change [5]. Although this concept 

of “learning through play” has been around for more than a century [6]. The electronic 

entertainment industry rise in popularity has renewed this concept from an “analogue” 

conception to a digital one. 

 

Videogames are also being used in the field of medicine especially for rehabilitation in 

people with some physical disability. These videogames are used in conjunction with 

special controller inputs that allow recognition of movement of the whole body like the 

Nintendo Wii Controller or the Microsoft Kinect. These controllers allow people to sustain a 

physical rehabilitation program by exercising their damaged limbs. In addition, these games 

also help patients to experience an engaging and fun rehabilitation experience [7]. 

 

In the physical rehabilitation field, serious games must have design restrictions that differ 

from serious games focused on other areas. For example, fault tolerance and game pace 

have to be taken account as important requirements due to the incapacity of the player to 

improve their skills at a normal pace during the initial phases of the rehabilitation program. 

This disadvantage is not caused by the player misunderstanding of the rules and mechanics 

of the game. Instead is the consequence of the physical disability he is trying to recover [8]. 

 

With the increasing popularity of serious games, it has been necessary to establish 

frameworks that could be used to focus the design and architecture of the game to support  
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the serious objectives. The design of this kind of games is a relatively new discipline. As 

such, there is a lack of common language and standard practices [5].  

 

The creation of an architecture framework will allow the identification of game design 

elements and it will help to align different design components to work together towards the 

implementation of a physical rehabilitation program minimizing side effects and with an 

appropriate success rate for patients. This work will also help to improve game quality by 

guaranteeing that the game design is focused on achieving the serious objectives of the 

game and that these goals will be fulfilled via an engaging, fun and interesting experience. 

 

In this article, we propose the creation of an Architecture Framework for Serious Games 

oriented toward Physical Rehabilitation based on the standard ISO/IEC/IEEE 42010 - 

Systems and Software Engineering Architecture Description [1]. This framework proposes 

a decomposition of the design into different levels of abstraction called viewpoints, which 

will frame the different concerns specified by the stakeholders involved within the system 

that is being descripted. In this work, each one of these viewpoints will be based on the 

MDA framework, a formal approach of analyzing games that aims to fill the gap between 

game design and development, game criticism, and technical game research [2].  

 

The MDA Framework was built with common pure entertainment games in mind rather than 

serious games [5]. For this reason, this work will add serious components to the traditional 

decomposition proposed in the mentioned work in order to frame all elements concerning 

the serious objectives of the game, thus creating an extended version of the MDA 

Framework that will support the design of a Serious Game. 

 

The main work will be defining an architecture framework that will help Game Designers 

and Physiotherapists to identify the main components of the design of a serious game 

oriented to Physical Rehabilitation. According to [9], a Serious Game for health can be 

classified by any of these three main purposes:  

 

- Give the player an entertaining experience under the need of move some parts of 

the body so the wellness is gotten as a bonus. 

 

- Improve the health of the patient. The game is used as a tool to pass on knowledge 

and/or skills. 
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- Stimulate a special medical situation or environment in order to avoid risks or for 

safety reasons. This type refers to serious games mainly used for training.  

 

This proposed framework will focus on games that lay under the second category. Serious 

games that will be used to replicate a rehabilitation program that will help the patients to 

improve their health and mobility. The game will serve as a tool to implement a Physical 

Rehabilitation Therapy to patients and will help them to regain their physical skills lost due 

to age, diseases, injuries or environmental factors [10].  

 

After the description of the Architecture Framework a survey based on the GQM 

Methodology was performed, oriented toward the main stakeholders of the framework in 

order to gather their opinion on the proposed work. With the results it was possible to 

determine, the flaws and strengths of the Architecture Framework and it would also help to 

establish any useful future work to improve it. 

 

 

1.1. Literature Review 

 

A literature review is a means of identifying, evaluating and interpreting all available 

research relevant to a particular research question, or topic area, or phenomenon of interest 

[11] 

 

According to Cornell University Library [12] a literature review is divided into the following 

steps: 

 

- Identify a research question. 

- Define inclusion and exclusion criteria. 

- Search stage. 

- Selection of studies based on pre-defined criteria. 

- Extraction of data from selected studies. 

- Evaluate the risk of bias in selected studies. 

- Present results. 
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Research Questions 

 

The purpose of this work is the creation of a tool that could be used by the people involved 

in the development of Serious Games oriented to Physical Rehabilitation to identify and 

correlate the main components of a video game and focus them towards the fulfilment of a 

Physical Therapy Rehabilitation Program. For this reason, an Architecture Framework was 

created based on the standard ISO/IEC/IEEE 42010 which gives the guidelines to structure 

this type of work. Referring to the status of research, the following questions were stated: 

 

- Is it possible to create an architecture framework to encompass the main design 

components of serious games oriented to physical rehabilitation? 

- Are there any design guidelines or approaches to avoid including design flaws that 

could lead to health relate side effects due to the use of a serious game oriented to 

physical rehabilitation? 

- Is there any Architecture Description Language that could be used to model main 

design components of a Serious Games oriented to Physical Rehabilitation under 

different levels of abstraction? 

- Is it possible to establish a relation between an Architecture Framework and the 

main component of the design of videogames: The Game Design Document?  

 

Inclusion and exclusion criteria 

 

In order to limit the amount of information available that compile with the interests of this 

research it is important to define inclusion and exclusion criteria. In this case, the search 

limits will be determined by using the PICO (Population, Intervention, Comparison and 

Outcome) process [13] :  

 

- Population: Words that represent the target of the research question.  

- Intervention: Is the methodology, technology or procedure that leads the research.  

- Comparison: A comparison with other type of intervention if it is necessary. 

- Outcome:  What does the intervention hope to accomplish.  
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Table 1 – Search Criteria based on PICO process  
 

PICO Search criteria 

Population Physical Rehabilitation Therapy Patients 

Intervention Serious game, Architecture Framework, Physical Rehabilitation 

Therapy Program 

Comparison Ad-hoc design of Serious Games  

Outcome High Quality Serious Game Design  

 

Using the information gathered by following the PICO process the following search string 

was build: 

 

“((((Framework) AND Serious game) AND Rehabilitation) AND Game Design))” 

 

The following inclusion and exclusion criteria [Table 2] was used in conjunction with the 

search string in order to limit the number of papers recovered. 

 

Table 2 – Inclusion and Exclusion Criteria 

 

Inclusion Serious Game, Physical Rehabilitation, Game Design  

Exclusion Social Science 

 

Social Science related studies were excluded, as for the purpose of this study this type of 

work is not useful. This thesis focuses only in the engineering design process of creation of 

serious games rather than their interaction and impact in society. 

 

Search Stage and Selection of Studies 

 

This search string was used to search for papers in IEEE, Web of Science and Scopus 

databases. With help of StArt software, the selected papers were classified by relevance 

and priority according to the following table section [Table 3].  

 

A paper is considered duplicated when it appears more than once in any database. Only 

the first iteration of a duplicated paper was classified as relevant or not relevant. The 

duplicated papers are also detailed in the table below 
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Table 3 – Paper Relevance Classification by Source   
 

 

Source Relevant  Not Relevant Duplicated Total extracted 

papers 

IEEE 2 3 4 9 

Scopus 7 1 1 9 

Web of 

Science 

3 4 1 8 

Total: 12 8 6 26 

 

 

Data Extraction  

 

The following [Table 4] shows the results and selection of twelve article classified by 

relevance from higher to lowest using the classification tool provided by the stArt Software. 

This software uses a scale of relevance ranging from Very High to Low based on the amount 

of key words found in the abstract of each paper that match the search string defined before.  

 

Table 4 – Relevant Papers Description  
 

Title Authors Year Reference Relevance 

AR-based serious 

game framework for 

post-stroke 

rehabilitation 

Hossain, M. Shamim and 

Hardy, Sandro and Alamri, 

Atif and Alelaiwi, 

Abdulhameed and Hardy, 

Verena and Wilhelm, 

Christoph 

2016 [14] Very high 

Modeling therapy 

rehabilitation 

sessions using non-

invasive serious 

games 

M. A. Rahman and M. Ahmed 

and A. Qamar and D. 

Hossain and S. Basalamah 

2014 [15] Very high 

Design and usability 

evaluation of 

rehabilitation gaming 

A. M. Elaklouk and N. A. M. 

Zin 

2017 [16] Very High 
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system for cognitive 

deficiencies 

Framework of virtual 

reality game on dual 

cognitive task for 

stroke rehabilitation 

Hashim, S.H.B.M. and Ismail, 

M.B. and Manaf, H.B.A. and 

Hanapiah, F.A.B. 

2018 [17] Very High 

Serious Games as a 

means for 

holistically 

supporting 

Parkinson's Disease 

patients: The i-

PROGNOSIS 

Personalized Game 

Suite framework 

Dias, S. B. and 

Konstantinidis, E. and Diniz, 

J. A. and Bamidis, P. and 

Charisis, V. and 

Hadjidimitriou, S. and 

Stadtscnitzer 

2017 [18] High 

Design guidelines 

for developing 

customized serious 

games for 

Parkinson’s disease 

rehabilitation using 

bespoke game 

sensors 

Paraskevopoulos, I.T. and 

Tsekleves, E. and Craig, C. 

and Whyatt, C. and Cosmas, 

J. 

2014 [19] High 

Game design for 

acquired brain injury 

cognitive 

rehabilitation: A 

conceptual 

framework 

Elaklouk, A.M. and Mat Zin, 

N.A. and Shapii, A. 

2013 [20] High 

A low-cost game 

framework for a 

home-based stroke 

rehabilitation system 

Saini, S. and Rambli, D.R.A. 

and Sulaiman, S. and 

Zakaria, M.N. and Mohd 

Shukri, S.R. 

2012 [21] High 

Investigating the 

possible role and 

Hanif, M. and Niaz, H. and 

Khan, M.A. 

2011 [22] High 
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usefulness of video 

capture virtual reality 

in motor impairment 

rehabilitation 

Rehabilitation-

Oriented Serious 

Game Development 

and Evaluation 

Guidelines for 

Musculoskeletal 

Disorders 

Idriss, Mohamad and 

Tannous, Halim and Istrate, 

Dan and Perrochon, Anaick 

and Salle, Jean-Yves and 

Tho, Marie-Christine Ho Ba 

and Tien-TuanDao 

2017 [23] High 

Virtual Reality-based 

holistic framework: a 

tool for participatory 

development of 

customized playful 

therapy sessions for 

motor rehabilitation 

Paraskevopoulos, Ioannis Th. 

and Tsekleves, Emmanuel 

and Warland, Alysonand 

Kilbride, Cherry 

2016 [24] High 

Breakout: Design 

and Evaluation of a 

Serious Game for 

Health Employing 

Intel RealSense 

Chhor, Jimmy and Gong, Yun 

and Rau, Pei-Luen Patrick 

2017 [25] Low 

 

Results 

 

In [21] the authors propose a Low-Cost Framework that focuses on the input used by the 

patient in order to interact with the game. This work focuses on designing an input 

mechanism that reduces the possible side effects of physical injury caused by the misuse 

of the system. They also establish a feedback system divided into two Knowledge 

Databases: One for the patient and other for the Physiotherapist that could be accessed at 

any given time. Although they consider some inherent aspects of game design such as 

feedback and game mechanics, this framework does not go into a deep explanation of these 

components nor establish any relationship between them. It is important to note that any 

relation or mention with the aesthetic aspect of the game is also omitted.  
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The SIERRA Framework [14] proposes a set of serious games specially designed to help 

with the recovery of patients that suffered from a stroke. Also within its architecture, it divides 

the serious game system into two parts: The patient and the therapist subsystem. The 

patient subsystem provides with a Graphical User Interface where the subject of recovery 

selects the proper exercise based on their current therapy progress, this progress is 

monitored by the therapist who can adjust the level of difficulty of the different games that 

comprise the whole suite. This framework focuses on the recovery process of patients that 

had suffered a stroke and not in the design phase of the serious game. In addition, it does 

not give any guideline for the design of game mechanics and their relationship to the 

rehabilitation goals. 

 

A conceptual framework is proposed in [16]. This framework focuses on the design of 

serious games within a rehabilitation context. It divides the design of the game into four 

components: Condition, Process, Activity and Outcome. First, the condition of the patient 

establishes the rehabilitation goals, In the Process; the goals are transferred as 

characteristics that a game needs to comply in order to fit the patient needs. The Activity 

refer to the game mechanics that will be represented as activities part of the rehabilitation 

program. Finally, the outcome refers to the information about the player progression in the 

game. This framework establishes a relationship between the design of the game and the 

rehabilitation goals. However, it just takes account of the Game Mechanics and omits any 

information regarding the dynamics or aesthetics of the game.  

 

A framework for the rehabilitation of patients suffering from Parkinson’s disease is 

presented in [19] . This work presents an abstraction in three different levels: The motion 

capture system, a set of custom games designed for rehabilitation and a Virtual Reality 

platform for the therapist that could be used to provide instructions to the patient as well for 

receiving feedback from their activities with the games. This framework focuses on the 

rehabilitation therapy process, the input hardware and the interaction with the therapist 

rather than in the design of the serious games. However, it gives some general guidelines 

in order to help the game designer to align the different game mechanics with the 

rehabilitation goals. This framework does not provide any mention to game aesthetics or 

game dynamics.   

 

A Virtual Reality (VR) based framework for the rehabilitation of patients that had suffered a 

stroke is presented in [17]. This work incorporates game design elements such as 
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meaningful play, level of challenge, feedback and motivation and provides mechanisms to 

relate those concepts with game mechanics and their respective Virtual Reality input. 

However, it restricts the genre of the game to only one and focuses on a very specific type 

of input like Virtual Reality to interact within the game. In addition, it does not provide any 

guideline to a more generic approach. This framework also does not take account of the 

game aesthetics nor provides any special guide for feedback mechanisms or design tools.  

 

In [20] the authors present a deeper explanation of the Conceptual Framework proposed 

by [16] for rehabilitation in patients with acquired brain injury. However, no relevant proposal 

has been added in this work. In [22] the authors explore the usefulness of Virtual Reality as 

help device for motor impair rehabilitation along with a special serious game. However, this 

work does not present any framework or guideline regarding the process or rehabilitation or 

design of the serious game. 

 

A Framework for the design of therapy sessions with movement recognition is proposed by 

[15]. This work proposes the use of simulation games like Second Life as a serious game 

platform and by the use of movement sensor hardware like Microsoft Kinect; they try to 

establish a common ground for virtual rehabilitation sessions. This framework focuses on 

the rehabilitation stage and does not provides any indication regarding the design of a 

serious game as it uses an already developed common online simulation game. 

 

In [23] the authors propose a framework for the design of fun but useful game scenarios 

oriented to rehabilitation. The establish an incremental and iterative workflow that begins 

with the definition of 3D models, followed by the Physics Design, Scenario Design, 

Implementation, Metrics definition, Evaluation, and Refinement of the Game. It is important 

to note that this framework focuses only in 3D games that interact with the player via a 

capture of movement device. It does not provide a framework to define the architecture of 

the serious game nor gives any guideline for its design. 

 

The “i-PROGNOSIS” game suite [18] is a collection of games specially designed for 

rehabilitation of patients suffering from Parkinson’s disease. This game suite includes data 

acquisition devices as well as platforms for data exchange and analysis. It does not focus 

on the design aspect of serious games but only in the rehabilitation therapy process.   

 

A holistic game framework for virtual reality based serious games for motor rehabilitation is 

proposed by [24]. This framework has the following main goals: Translation of exercise 
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motion to game mechanics, Customized motion capture system, Co-created customized 

prescription of physiotherapy regime, Co-created customized game, and biofeedback. This 

work encompasses all different phases into a rehabilitation regime but restricts the input 

devices to only Virtual Reality. It also does not provide a deep explanation or relationship 

between game design elements such as mechanics and dynamics and the rehabilitation 

goals. 

 

It is important to note that in no one of the previous works exists any language that could 

be used to design or model the architecture of a Serious Game. The majority of studies 

focus on the rehabilitation process rather than the design process. In addition, in the 

literature reviewed, there is no framework with a common language for modeling or that is 

able to establish a proper documentation for the design of a serious game via a Game 

Design Document or any similar artifact.  

 

The following [Table 5] shows a summarization of the analysis presented for each extracted 

paper. 
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Table 5 – Relevant Papers Analysis 
 

 

Title Provides design 

guidelines? 

Is a game suite? Uses commercial 

input methods? 

(Hardware) 

Implements a 

feedback 

system? 

Development phase in 

which the framework is 

focused  

AR-based serious game 

framework for post-stroke 

rehabilitation 

No Yes No Yes Implementation 

Modeling therapy 

rehabilitation sessions using 

non-invasive serious games 

No No Yes (Microsoft 

Kinect) 

Yes Implementation 

Design and usability 

evaluation of rehabilitation 

gaming system for cognitive 

deficiencies 

Yes (Uses a 

mechanics focused 

design framework) 

No No Yes Design and 

Implementation 

Framework of virtual reality 

game on dual cognitive task 

for stroke rehabilitation 

Yes (Regarding 

meaningful play 

and, progressive 

difficulty level and 

reward system) 

 

No Yes (Virtual Reality 

Headsets) 

No Design and 

Implementation. 
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Serious Games as a means 

for holistically supporting 

Parkinson's Disease patients: 

The i-PROGNOSIS 

Personalized Game Suite 

framework 

No Yes No Yes Implementation 

Design guidelines for 

developing customized 

serious games for 

Parkinson’s disease 

rehabilitation using bespoke 

game sensors 

Yes No Yes (Virtual Reality 

Headsets) 

Yes Design and 

Implementation 

Game design for acquired 

brain injury cognitive 

rehabilitation: A conceptual 

framework 

Yes (Uses a 

mechanics focused 

design framework) 

No No Yes Design and 

Implementation 

A low-cost game framework 

for a home-based stroke 

rehabilitation system 

Yes (Focused only 

on Game 

Mechanics) 

No No (It uses a 

special designed 

input mechanism to 

minimize health 

Yes (A 

feedback 

system + 

Design and 

Implementation 
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related side 

effects) 

Knowledge 

database) 

Investigating the possible 

role and usefulness of video 

capture virtual reality in motor 

impairment rehabilitation 

No No Yes (Virtual Reality 

Headset) 

No Implementation 

Rehabilitation-Oriented 

Serious Game Development 

and Evaluation Guidelines for 

Musculoskeletal Disorders 

Yes (Focused on 

Aesthetics and 

Mechanics) 

Yes Yes (Microsoft 

Kinect) 

No Design, Implementation 

and Evaluation 

Virtual Reality-based holistic 

framework: a tool for 

participatory development of 

customized playful therapy 

sessions for motor 

rehabilitation 

Yes(Focused on 

mechanics) 

No Yes (Virtual Reality 

Headset) 

Yes Design, Implementation 

Breakout: Design and 

Evaluation of a Serious 

Game for Health Employing 

Intel RealSense 

No No Yes (Intel 

RealSense) 

Yes Implementation, 

Evaluation 
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1.2. General Goal 

Create an architecture framework for the design of serious games oriented to physical 

rehabilitation based on the standard ISO/IEC/IEEE 42010. 

 

1.3. Specific Goals 

- Identify design restrictions inherent to the physical rehabilitation program that would 

be implemented via a Serious Game. 

- Establish relationships between the main design components of a videogame, the 

physical rehabilitation goals and the stakeholders via Architecture Viewpoints. 

- Create an architecture framework that could be used as common practice to create, 

interpret and analyze the design of a serious game oriented to physical 

rehabilitation.  

- Validate the architecture framework through a survey based on the GQM 

methodology.  

 

1.4. Scope  

The scope of this work is the design of Serious Games used for Physical Rehabilitation. It 

aims to establish a framework in order to design these types of games by taking account of 

all concerns, restrictions and goals. It is important to note that this architecture will focus in 

gameplay design aspects and will not feature any reference to the implementation or 

maintenance of the game in any kind. 

 

 

2. THEORETICAL FRAMEWORK 

 

In this section will be an explanation of all the theory in which this work proposal is based. 

The main structure of the architecture framework is an application of the Standard 

ISO/IEC/IEEE 42010 used for architecture descriptions. The whole architecture will have a 

division based on the MDA framework used for game research. Finally, the evaluation will 

be in the form of a survey built using the Goal, Question, and Metric Framework. 
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2.1. Standard ISO/IEC/IEEE 42010 

 

The ISO/IEC/IEEE 42010:2011 – Systems and Software Engineering Architecture 

Description [1] is an International Standard used for Architecture Descriptions of Systems 

and Software. It was created as a successor of the standard IEEE 1471. It defines 

requirements on the description of system, software and enterprise architectures.  

 

The ISO/IEC/IEEE 42010 Conceptual Metamodel 

 

According to the document, any architecture description should comply with the conceptual 

metamodel of the standard [Figure 1] and with the following requirements:  

 

- Establish an Architecture Description and Overview. 

- Define stakeholders and their concerns.  

- Define one or more architecture viewpoints. 

- Define one or more architecture views. 

 

Figure 1 – ISO/IEC/IEEE 42010 Conceptual Model [1] 

 

 
This standard was created to specify the manner in which architecture descriptions of 

systems are organized and expressed. A system is any entity whose architectures are of 

interest, and encompasses any entity within the following domains: 

 

- Systems. 

- Software Products and Services. 
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- Software Intensive Systems. 

 

A System is situated in an environment. This environment describes all influences on the 

system through its life cycle. These influences can also be interactions with other systems. 

The Stakeholders are parties with interests in the System, in the standard each interest is 

identified as a concern.  

 

The architecture of the system constitutes an abstraction of what is essential about that 

system considered in relation with its environment. The word essential is not explicit defined 

by the standard; however, it could refer to any or all of:  

 

- System constituents or elements. 

- Arrangement of relationships between the systems elements. 

- Principles of the system’s organization and design. 

- Principles governing the evolution of the system through its life cycle. 

 

The ISO/IEC/IEEE 42010 Architecture Description 

 

The standard provides a Metamodel that shows the different elements that govern an 

Architecture Description [Figure 2].  According to the standard, an Architecture Description 

is composed of different views, which addresses one or more concerns held by the system’s 

stakeholders. Each view expresses the architecture of a system in accordance with an 

architecture viewpoint. Although similar in name, view and viewpoints are related but are 

not the same element.  
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Figure 2 – ISO/IEC/IEEE 42010 Architecture Description Metamodel [1] 
 

 

A viewpoint is a way of providing the architecture with different levels of abstraction using a 

selected set of architectural constructs and structuring rules, in other words. It defines the 

conventions for constructing a certain view [26]. A useful metaphor to understand this 

difference is that a view is like a map and a viewpoint is the legend for that map. Just as 

every map has a legend, each view should have an architecture viewpoint specifying the 

conventions for interpreting the contents of the view.  

 

Viewpoints conventions can include languages, notations, model kinds, design rules, 

modeling methods and operations on views. 

 

An architecture view is composed of different models. These models use conventions 

appropriate for the concerns to be addressed. Each one of these conventions are specified 

in the model kind that governs a model. 
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An architecture element is the most primitive construct in an Architecture Description that 

includes Stakeholders, concerns, model kinds and viewpoints. How these components are 

related is defined by a “correspondence”. Each correspondence is governed by 

correspondence rules and are used to enforce relations within an Architecture Description.  

 

A correspondence rule should be interpreted as an n-ary relation, which can also include 

isomorphisms (1-1 relationships) and functions for special cases.  

 

The ISO/IEC/IEEE 42010 Architecture Framework and Architecture 

Description Languages 

 

According to the standard, “An architecture framework establishes a common practice for 

creating, interpreting, analyzing and using Architecture Descriptions within a particular 

domain of application or stakeholder community”  

 

This concept is built based on the elements of an Architecture Description. In addition, the 

ISO/IEC/IEEE 42010 states that an architecture framework will adhere to a specific 

architecture description when each applicable stakeholder, concern, viewpoint and 

correspondence rule specified is included in an architecture description. In other words, an 

Architecture Framework is an Architecture Description applied to frame the concerns of a 

specific audience of stakeholders. 

 

Any Architecture Framework must include the following information and must comply with 

its conceptual model [Figure 3]:  

 

- Information identifying the Architecture Framework. 

- The identification of one or more concerns. 

- The identification of one or more Stakeholders. 

- One or more Architecture Viewpoints that frame those concerns. 

- Any correspondence Rules. 
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Figure 3 – Architecture Framework Conceptual Model [1] 
 

 

An Architecture Description Language (ADL) is any form of expression for use in 

architecture descriptions. It provides with Model Kinds that frame the concerns of the 

stakeholders. This language is commonly organized through viewpoints. Therefore, an ADL 

can be used by one or more viewpoints to frame concerns within the Architecture 

Description. 

 

2.2. MDA Framework 

 

The MDA Framework [2] is a tool used to analyze games. It uses a decomposition of the 

game into three different levels of abstraction: Mechanics, Dynamics and Aesthetics.  It was 

created with the intention of bridge the gap between Game Development, Game Design 

and Technical Game Research. 

 

 

 

This work breaks the main components of a game into Rules, System and Fun Elements. 

These components are mapped into design counterparts: Mechanics for Rules, Dynamics 

for the Game System and Aesthetics for the Fun Elements. Each one of this different design 

elements show different levels of abstraction relative to the Game Designer and the Player. 

 



 

26 

 

 

Figure 4 – MDA Framework Abstraction Levels [2] 

 

The Mechanics component is closer to the designer as it shows the various actions that are 

going to be implemented as computer code. On the contrary, the Aesthetics is closer to the 

player as them represent the desirable emotional responses evoked by the game. 

 

These three elements interact between them, as each one implements the other. The 

Aesthetic elements define the fun elements that will be implemented as the system run-time 

behavior; this behavior is supported by individual mechanics implemented as actions within 

the videogame. 

 

It is important to note that the MDA framework was not created to analyze videogames 

under a serious context [5] and thus in order to analyze a game of this nature it will be 

necessary to extend it, to include a serious dimension in each one of its abstractions. 

 

Game Mechanics 

 

Game Mechanics are the various actions, behaviors and control mechanisms afforded to 

the player within a game context [2]. A Game Mechanic is an in-game behavior that includes 

in-game rules, processes and data that generate gameplay [27]. It is important to note that 

Game Mechanics are not equal to game rules. The main difference is that there cannot be 

a mechanic without rules, this is, the mechanics are means to guide the player and the 

game into a particular behavior by restricting these actions by a set of rules that reduce the 

possible choices for the player in order to attain a goal [28]. As these components are 

generally described as individual actions they are commonly expressed as verbs [29]. 

 

Game Dynamics 

 

Game Dynamics are the different actions that the player can take afforded by the “Space of 

Possibility” of the game [30]. 



 

27 

 

A game is a dynamic system, a state machine, that changes over time according to player 

input, game code and external control mechanics [31]. This dynamic system can be 

expressed through various dynamics, defined by the game designer that could make 

possible to change the state of the system. However, all the activities that the player do in 

order to “bring to life” the game dynamics should be limited by the game rules [30].  

 

Following the definitions presented before we present another definition:  Game Dynamics 

are the different actions that a player could take in order to achieve an objective within a 

level or stage in a game that result in a change of state the system.  

 

Game Aesthetics 

 

The Game Aesthetics contains all the elements necessary to evoke a sensorial and mental 

experience for those who play the game. According to the MDA Framework, the Game 

Aesthetics answer the question: What makes a game fun? [2]. This element can also be 

described as the sensory phenomena that the player experiences with the game [32]. 

 

2.3. Goal Question Metric (GQM) Methodology 

 

The GQM Methodology is an approach created to define and evaluate goals for a particular 

project, in a particular environment. However, its use has been expanded to a larger context 

[3]. It is a system of simple questions and answers for the evaluation of properties [33].  

 

Methodology Abstraction Levels  

 

The GQM Methodology measurement model works on three levels [3]: 

 

- Conceptual Level (Goals): A goal is defined for an object. Objects of measurement 

are:  

o Products: Artifacts, deliverables and documents that are produced during 

the system life cycle like specifications, designs, programs, test suites. 

o Processes: Activities related with software development: Designing, 

Testing, Implementing etc. 
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o Resources: Items used as inputs to produce outputs: Hardware, software, 

etc. 

- Operational Level (Question): Questions try to characterize the object of 

measurement (product, process, resource) with respect to a selected quality issue 

and to determine its quality from the selected viewpoint. 

- Quantitative Level (Metric): A set of data is associated with every question in order 

to answer it in a quantitative way. This data can be: 

o Objective: If they depend only on the object that is being measured and not 

on the viewpoint, from which they are taken; e.g., number of versions of a 

document, staff hours spent on a task, size of a program. 

o Subjective: If they depend on both the object that is being measured and 

the viewpoint, from which they are taken E.g., readability of a text, level of 

user satisfaction. 

 

GQM Process  

 

A GQM model starts by defining different goals. Each goal has to comply with the following 

structure [3]:  

 

- Purpose of measurement. 

- Object to be measured. 

- Issue to be measured. 

- Viewpoint from which the measure is taken. 

 

One each goal is defined they must be refined into a set of questions that serve the purpose 

of breaking the issue into its major components. Then, each question is refined into 

objective or subjective metrics that can be used to answer different questions under the 

same goal. 
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3. METHODOLOGY  

 

The overall structure for the creation of this work was based on the proposal made by Pólya 

[34] for the resolution of problems. In his work, he defines a methodology consisting on the 

following steps: 

 

- Understand the problem. 

- Creation of a plan.  

- Plan execution. 

- Review an interpret results. 

 

The first step was accomplished via a literature review. This phase provided enough 

information about past work in this area of knowledge. For this work is important to analyze 

previous frameworks focused towards any kind of rehabilitation. Based on research 

questions a corpus of twelve papers was analyzed to filter any relevant information for the 

creation of this work. In the end, an analysis of this filtered data helped to determine pros 

and cons of these papers. The information gathered was used to determine the best course 

of action to create this framework.   

 

The creation of the plan phase corresponded to the whole process of creation of this 

framework guided by the sections and requirements established by the standard 

ISO/IEC/IEEE 42010 [1] and the correspondent Conceptual Metamodel.  In the first part of 

this phase, there was a definition of stakeholders and their concerns. This information was 

based on different sources with relevant information about serious games, physiotherapy 

and rehabilitation programs. Each concern was mapped to their respective stakeholder via 

a traceability matrix. 

 

These stakeholders and concerns were addressed by different architecture viewpoints that 

show their relationships and how these concerns are important to the system of interest. 

Each identified concern was framed by at least one architectural viewpoint. 

 

The standard ISO/IEC/IEEE 42010 dictates that any architecture must be expressed 

through different viewpoints [1]. For this work, each one of those viewpoints were based on 

the decomposition stated by the MDA Framework [2] plus and additional meta-viewpoint 
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that encompass all the different interactions between them and the most abstract 

representation of the whole framework. 

 

In the framework meta-viewpoint, a guideline for the correct mapping between the 

framework and a Game Design Document was included. This mapping serve to transfer the 

information obtained and classified by the framework to a document that form the basis for 

the design of the serious game. 

 

Each viewpoint was based on a metamodel built using UML. This metamodel express the 

different relationships between the different components that are part of a viewpoint as well 

as their respective correspondence rules. In addition, an Architecture Description Language 

was built for modeling based on the different metamodel rules and elements described in 

each viewpoint. This language, loosely based on UML, include a special notation for each 

element. 

 

The execution of the plan should be the proper execution of the framework in real case 

scenario. However, the current scope of this proposed architecture framework does not 

include a phase of experimental testing. However, despite being only a theoretical work, it 

is important to assess the plausibility of implementing this framework in real life. For this 

reason, a survey based on the GQM methodology oriented toward the different 

Stakeholders described in the architecture was carried on in order to assess the quality of 

this architecture description. 

 

The survey process was based on the approach taken by [35]  using the GQM Methodology, 

consisting on three sequential phases: Preparation phase, execution phase and evaluation 

phase. 

 

During the Preparation Phase, the different concerns of each stakeholder were translated 

as goals according to the guidelines established by the GQM Methodology. A goal was 

divided into three different sections: A purpose, an object to be measured and an issue to 

address. In the next step, a questionnaire was built to measure each of the different goals, 

evaluated by a metric. 

 

The main questionnaire also included different questions regarding demographic 

information about the stakeholders. This information helped to gather data such as genre, 

age, professional experience and level of education. It is important to note that as an 



 

31 

appendix to the survey, an executive summarization of this work written in non-technical 

language was provided to each different group of stakeholders.  

 

In the Execution Phase, the questionnaire was uploaded to an online platform where 

different groups of stakeholders answered the questions over the period of two weeks.  The 

link for the questionnaire was provided via email.  

 

In the review and evaluation phase, all results were analyzed and classified by stakeholder. 

In addition, this information will serve as basis to determine any future work to improve the 

framework. The following figure [Figure 5] shows the main steps of the methodology 

process expressed as an UML Activity Diagram.  

 
Figure 5 – Methodology Process 
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3.1. Research Methods 

 

This work was the result of an enhancement made to the MDA Framework in order to focus 

the different levels of abstraction proposed towards serious game design. We used the 

different levels of abstraction and mapped them into different viewpoints as stated by the 

standard ISO/IEC/IEEE 42010. The overall steps for the execution of this work were based 

on the methodology proposed by Pólya, However the method used for performing this 

research, that resulted on the improvement of an artifact (The MDA Framework) was based 

on Design Science Research [36].  

 

Design Science Research (DSR) focuses on improving Information Technology artifacts 

such as algorithms, human/computer interfaces, and design methodologies. This approach 

requires the creation of an innovative purposeful artifact for a special domain problem, in 

our case the design of serious games oriented to Physical Rehabilitation. This proposed 

artifact must be evaluated in order to ensure its utility. In addition, this artifact should solve 

a problem or provide a more effective solution to one proposal.    

 

DSR proposes seven guidelines based on the statement that knowledge and understanding 

of a design problem are acquired in the building and application of the artifact. The following 

[Table 6] shows a summarization of the seven guidelines established by DSR [36] mapped 

with the different methods or rationale used for the creation of this framework in order to 

comply with those requirements. 

 

Table 6 – DSR Guidelines Research Methods Mapping  

 

DSR Guideline Description Method Used/Rationale 

Design as an 

artifact 

Design Science must produce a 

viable artifact in the form of a 

construct, a model, a method or an 

instantiation. 

The proposed framework 

consists of four viewpoints 

with their respective 

metamodels and architecture 

description languages. 
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Problem 

relevance 

The objective of design science 

research is to develop technology 

based solutions to important and 

relevant business problems. 

The lack of a common 

language and framework for 

the design of serious games 

[5]. 

Design evaluation The utility, quality and efficacy of a 

design artifact must be rigorously 

demonstrated via well executed 

evaluation methods. 

For the evaluation of the 

framework the GQM 

Methodology was used. 

Research 

contributions 

Effective design-science research 

must provide clear and 

verifiable contributions in the areas 

of the design artifact, 

design foundations, and/or design 

methodologies. 

The contribution presented is 

a design framework for the 

design of serious games 

oriented to physical 

rehabilitation. 

Research rigor Design-science research relies 

upon the application of 

rigorous methods in both the 

construction and evaluation of 

the design artifact. 

The artifact was constructed 

based on the guidelines and 

requirements stablished by 

the standard ISO/IEC/IEEE 

42010 for Architecture 

Descriptions and 

Frameworks.  

Design as a 

search process 

The search for an effective artifact 

requires utilizing available 

means to reach desired ends while 

satisfying laws in the 

problem environment. 

The proposed framework 

was based on the different 

levels of abstraction 

proposed by the MDA 

Framework in order to break 

the game into smaller 

architecture descriptions.  

Communication 

of research 

Design-science research must be 

presented effectively both 

to technology-oriented as well as 

management-oriented 

audiences 

The framework was sent for 

review and publication on 

Health Informatics Journal 
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4. RESULTS AND DISCUSION 

 

This section presents the construction of the Architecture Framework based on the 

guidelines stated by the standard ISO/IEC/IEEE 42010. First, relevant stakeholders for the 

architecture framework were identified with their respective concerns. These concerns were 

addressed by different architectural viewpoints. Finally, a survey was performed on focal 

groups based on the stakeholders to evaluate the quality of the proposed framework.  

 

4.1. Framework Introductory Information  

 

Context  

 

This architectural description and framework conforms to the standard ISO/IEC/IEEE 

42010: 2011 Systems and Software Engineering – Architecture Description. The abstraction 

division proposed for each viewpoint in this architecture description was based on the 

Mechanics, Dynamics and Aesthetics Framework. 

 

4.2. System Stakeholders and Concerns 

 

Stakeholders 

 

Due to the nature of the system, there are many different stakeholders with different degrees 

of involvement. It is important to note that due to the nature of a Serious Game focused on 

health, it was necessary to include physicians and physical therapists to this list. In addition, 

the designer of the game and the patients that will be subject of the Rehabilitation Program 

were also included. 

 

It is important to note that this framework focuses only in the design phase of software 

development and for this reason, other stakeholders regarding the other phases such as 

testers, project managers or programmers will be left out of the scope of this work. The list 

of Stakeholders considered for this framework is defined in the following [Table 7]. 
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Table 7 – System Stakeholders 
 

ID Stakeholder Description 

S1 Videogame Designer In charge of the design and develop of the serious 

game. The videogame designer will adapt a proper 

rehabilitation program into a videogame that will help 

patients to accomplish their rehabilitation goals.  

S2 Physiotherapist  In charge of the creation of a physical rehabilitation 

program and of the monitoring of the same. 

S3 Patient (Player) The patient that will be the subject of the 

Rehabilitation Program.  

S4 Physician Is responsible for the health of the patient (player). 

The physician is interested in the health of the 

patient even outside of the scope of the physical 

rehabilitation program. 

 

 

Concerns  

 

The concerns for each one of the stakeholders were defined according to a previous 

literature review. It was necessary to frame the most important concerns that each 

stakeholder could have under the scope of a serious game focused on physical 

rehabilitation. The following traceability matrix [Table 8] describes the relation between the 

stakeholders, their concerns and the sources from where a specific concern was identified. 
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Table 8 - Stakeholders- Concern Traceability Matrix 

 
ID Concern Videogame 

Designer 

Physiotherapist Player 

(Patient) 

Physician Source 

C1 Achieve the rehabilitation goals, which can 

be preventing, slowing, maintaining or 

improving the loss of physical function. 

x x x x Definition of Physiotherapy 

[37] 

World Health Organization 

Guidelines on health-related 

rehabilitation. 

C2 Design and develop a fun and meaningful 

experience. 

x    Definition of meaningful play 

and goal of  videogame 

design [30] 

C3 Translate the rehabilitation program into 

serious game. 

x    Definition and scope of 

serious games. [5] 

C4 Identify restrictions regarding gameplay due 

to the nature of the rehabilitation program. 

x x   Classification of Serious 

Games for health by stage of 

disease (stage of disability) 

[9] 

C5 Experience an engaging and fun 

rehabilitation program  

 

 

  x  Definition of meaningful play 

and goal of  videogame 

design [30] 
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C6 Keep track of the rehabilitation program  x 

 

 

 x Classification of serious 

games for health by stage of 

disease (stage of disability) 

[9] 

C7 Avoid any health damage as a side effect 

due to the use of the serious game 

x x x x Classification of Serious 

Games for health by stage of 

disease (stage of disability) 

[9] 

C8 Identify the type of hardware that suits best 

the rehabilitation program. 

x x   Classification of serious 

game for e health care by 

main purpose [9] 
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4.3. Gameplay Meta-Viewpoint 

 

Overview 

 

This viewpoint represents the whole gameplay aspect of the serious game as it shows the 

interactions of the three main components of a videogame based on the MDA Framework 

[2].   

 

This viewpoint has the following purposes: 

 

- Show how the three main viewpoints of this architecture are related. 

- Show the general architecture of the whole gameplay of the serious game. 

- Show the architecture with the highest level of abstraction. 

 

Concerns Framed by This Viewpoint  

 

All different concerns framed by each architecture viewpoint will be further explained in their 

respective section as this viewpoint only represents a general abstraction of these three 

main components. 

 

Gameplay Viewpoint Model Kind and Conventions 

 

The Model Kind of this viewpoint is expressed as a metamodel [Figure 6] this element was 

created using an UML Component Diagram [38] and it has the sole purpose of showing the 

interactions between the different views of the Architecture. This metamodel is not meant 

to be the base for any diagram. 
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Gameplay Viewpoint Metamodel 

 

However, despite being used only as a reference, this viewpoint allows the stakeholders to 

have a clear image of the architecture of the gameplay, its core elements and their 

relationships within a higher level of abstraction.   

 
 

Figure 6 – Gameplay Viewpoint Metamodel  

 

The core constructs of this view are the three main views that represent the components of 

gameplay.  Each of these views has a core component that serves as a link with the other 

views. It is important to note, that these components serve also as an implementation to 

each other [2]. These three components comply with the following definitions: 

 

- Game Aesthetics:  Aesthetics are the elements within the game that arise a fun 

experience for the player [2]. This can also be described as the sensory phenomena 

that the player experiences with the game [32]. 

- Game Dynamics: Dynamics are the actions that the player can take afforded by the 

“Space of Possibility” of the game [30]. Game Dynamics work to create aesthetic 

experiences. 

- Game Mechanics: Mechanics are the in-game behaviors that include rules, 

processes, and data which generate gameplay. These mechanics can be better 

described as verbs [29]. 

 cmp Gameplay View

Gameplay Viewpoint - Based on MDA Framework

Game Aesthetic Game Dynamic Game Mechanic

Aesthetics View Dynamics View Mechanics View
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Gameplay Viewpoint Correspondence Rules 

 

The following correspondence rules are applied to this viewpoint and are based on the MDA 

Framework [2].  

 

- Each of the main components depends on the rules and conventions explained on 

detail on each of their respective views. 

- The Game Mechanics implement the behavior of the Game Dynamics and at the 

same time these ones implement the Game Aesthetics of the game 

 

Gameplay Viewpoint Operations 

 

This section details different operations that can be made using the information contained 

in the metamodel of this viewpoint. In this case, a general operation will be available for all 

the viewpoints of this architecture description and will consist in a mapping of data gathered 

via this framework and formatted into the different sections of a Game Design Document.  

 

Implementation Guidelines for all Viewpoints into a Game Design Document. 

 

A Game Design Document (GDD) is a document written for the development team 

instructing them how to piece together and structure the game. The GDD must describe the 

game in every detail from the innermost working to the outermost visual feedback [39].  

 

In a normal videogame development scenario, a GDD is based on a previous Concept 

Document. However, in this case, the different views addressed in this framework will serve 

also as an input for the creation of the GDD. It also can be used as input for a Concept 

Document in the sections regarding hardware platform, target audience and genre.  

 

A GDD defines most of its structure based on the genre of the game however, there are 

many common elements to all design documents. Based on the structure proposed by 

Oxland [39]  the following table [Table 9] will show how the different sections of the 

document will map to the views defined in this architecture description. The information 

contained in each view will serve as input for the respective section of the GDD. 
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Table 9 – GDD Sections – Architecture Framework Viewpoints Mapping 

 

GDD Section Description Related Viewpoints 

Objectives Mission and philosophy of 

the game.  

Dynamics Viewpoint 

General Overview Genre, number of players, 

overview of the story, 

characters, basic controls  

Aesthetics Viewpoint, 

Mechanics Viewpoint. 

Mechanics Game mechanics Mechanics Viewpoint 

Graphical User Interface Menus and UI graphic style Aesthetics Viewpoint 

Game Structure Rules, game dynamics, 

game restrictions, feedback 

systems,  

Dynamics Viewpoint 

Game Environment  Level structure, interaction 

UI, special lighting and 

graphic considerations. 

Dynamics Viewpoint, 

Aesthetic Viewpoint 

Sound Musical scores, special 

effects 

Aesthetics Viewpoint 

 

 

4.4. Aesthetics Viewpoint 

 

Overview 

 

The aesthetics viewpoint represent how the game creates a fun experience for the player. 

It is also the viewpoint that is closer to the player in terms of abstraction [2]. This viewpoint 

has de following purposes: 

 

- It shows the different types of fun that are achievable by the Game Aesthetics. 

- Allows the designer to identify certain restrictions regarding the Game Aesthetics. 

These restrictions could be part of a medical condition of the patient apart from the 

current physical disability that the serious game is trying to recover. 
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Concerns Framed by the Viewpoint 

- C2:  Design a fun and meaningful experience. 

- C5: Experience an engaging and fun rehabilitation program 

- C8: Avoid any health damage as a side effect due to the use of the serious game 

Typical Stakeholders 

- S1: Videogame Designer. 

- S4: Patient (Player). 

- S5: Physician. 

Aesthetics Viewpoint Model Kind and Conventions 

 

This viewpoint describes the interaction between the different aesthetic components of a 

game. In addition, shows how these components affect the senses of the player that is 

being subject of a Physical Therapy Rehabilitation Program. 

 

Aesthetics Viewpoint Metamodel 

 

The following model, shown in [Figure 7], was created using an UML component Diagram 

[38]. It contains all of the elements necessary to evoke a sensorial and mental experience 

for those who play the game. In other words, this viewpoint addresses the question: How 

can we assure the fun element in a videogame? 

 

The term fun is ambiguous and general. For this reason, it is important to decompose this 

term into a more specific sentence: What components of the videogame are important to 

evoke a fun feeling in the player.  

 

For the definition of this architecture, it is important to limit the number of fun elements 

based on research. The following [Table 10] shows activities considered entertaining and 

which are very likely to be implemented into a videogame. The fun element lay in any of the 

following categories based on a project made by The Michigan State University [40] with 

the objective of identify common forms of fun implemented in commercial and serious 

games. 
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Figure 7 - Aesthetics Viewpoint Metamodel
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Table 10 – Forms of Fun Categorization  

 

Form of fun Description 

Beauty  Is “that thing which pleases the senses". 

This may include graphics, music, sound 

effects or touch. 

Immersion Involves going into an environment 

different from one's usual environment by 

physical means or by use of one's 

imagination. This includes the pleasure of 

being in a different environment than usual, 

the pleasure of living a different life, the 

pleasure of escaping from one's problems. 

Intellectual problem solving Refers to finding solutions to problematic 

situations that require thought. 

Competition Any activity where the goal is to show one's 

superiority either over other players or 

against oneself, improving previous scores. 

Social interaction Involves doing things with other human 

beings such as chatting, cooperating, or 

competing. 

Comedy Things or situations that make one person 

want to laugh 

Thrill of danger Involves finding fun where the stakes are 

high. However, for some people, this can 

be frustrating. 

Physical activity Refers to fun involving activities requiring 

intense physical movements. 

Love Strong affection toward somebody 

Creation To make exist something. 

Power The capacity of having a strong effect of 

acting with strength. 

Discovery Finding something that wasn’t known 

before 
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Advancement and completion Going forward towards a goal eventually 

finishing it. 

Application of an ability Using one's physical abilities in a difficult 

setting such as hand to eye coordination or 

quick reflex actions. 

Altruism Involve helping other players or non-

controllable characters. 

Learning Increase the understanding or knowledge 

of the real world. 

 

Based in this definition we propose a division of this element into three different aesthetics 

components (According to the senses the player uses to play a videogame):  

 

- Storytelling Element: It encompasses the elements that make the story of the game 

work. This component is divided based on the five essential elements of a story [41]:  

o Characters: Refers to the individuals that the story is about. 

o Setting: Is the location of the story. 

o Plot: Is the actual story.  

o Conflict: Is the problem the characters are trying to resolve across the story. 

o Resolution: Is the way the conflict is resolved.  

- Sound Element: Represents all the sounds that are included in the videogame. This 

element is divided into two types based on the IEZA framework [42]: 

o Diegetic: Is any sound that is emanating from the fictional game world, also 

known as sound effect (SFX). 

o Non-Diegetic: Is any sound coming from outside the fictional world of the 

game such as the musical score.    

- Graphic Element: Is the visual representation of a character or object that is shown 

to the player via a hardware display [43]. This element can be divided into the Graphic 

Style used to design the images, the color palette and the dimensional representation.  

o Graphic Style:  It is the outcome achieved by the use of various design 

techniques in order to give the game a proper appearance [43]. These are 

divided into three categories: 

 Abstract: The style used that focuses on representing the game in 

basic geometric forms and shapes [44].  
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 Stylized: This style focus on presenting a person or an object by 

exaggerating its more prominent features [45]. 

 Realistic: This is style tries to emulate characters, objects and 

environments with as much likeness to reality as possible [43].  

- Dimensional representation: Define the geometric representation of an image in 

space. This commonly refers to graphics rendered as planes or 2D (Two Dimensions) 

or volumes in 3D (Three dimensions). 

- Color Palette: Is the particular range, quality or use of color [46].  

 

It is important to note that videogames are not harmless. The use of videogames is linked to 

diseases like auditory hallucinations, enuresis, encopresis, wrist pain, neck pain, elbow pain, 

tenosynovitis, hand-arm vibration syndrome, repetitive strain injuries peripheral neuropathy, 

and obesity [47]. In addition, they can induce seizures in patients with epilepsy due to 

photosensitive reactions caused by the images of the game [48]. 

For these reasons, it is important to identify any medical restriction that should be taken 

account during the design of the game, in order to establish a general warning to all patients 

(players) whose health could be affected by the use of the serious games. These medical 

restrictions should be mapped into aesthetic restrictions that will help the designer to identify 

potentially dangerous elements for the health of the patients that are going to use the serious 

game.  

 

Aesthetics Viewpoint Architecture Description Language 

 

The following [Table 11] shows the notation for the Aesthetic Viewpoint Architecture 

Description Language used for modeling all the stakeholders, elements and concerns framed 

by this Viewpoint. 
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Table 11 - Aesthetics Viewpoint Architecture Description Language  
 

Symbol Name Type Description and Legend 

 

Actor 

(General) 
Component 

Based on UML. This actor is 

used to represent any of the 

stakeholders of the Viewpoint. 

 

Restriction 

(General) 
Component 

Used to represent any kind of 

restriction. In this Viewpoint 

will represent aesthetic and 

medical restrictions. 

Type: Represent the type of 

restriction: 

Description: The restriction 

description. 

 

Form of Fun Component 
Any of the 16 forms of fun 

explained in this viewpoint. 

 

Storytelling 

Element 

(Game 

Aesthetic) 

Component 

Name: The name of the 

element. 

Type: The type of storytelling 

element (Based on the five 

essential elements of a story). 

Description The element 

description. 

 

 

Sound 

Element 

(Game 

Aesthetic) 

Component 

Name: The name of the 

element. 

Type: The type of sound 

(Diegetic and Non-Diegetic). 

Description The element 

description. 
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Aesthetics Viewpoint Correspondence Rules 

 

All correspondence rules for this viewpoint have been defined in the Metamodel on the 

Viewpoint. The following [Table 12] resumes the correspondence rules defined in [Figure 7]. 

 

Table 12 - Aesthetics Viewpoint Correspondence Rules  

 

Architecture 

Element 1 

Architecture 

Element 2 

Relationship Cardinality 

Game Aesthetic Aesthetic Restriction Is restricted Zero to Many (0…*) 

Form of Fun Game Aesthetic Supports Many to Many (*…*) 

Game Designer Form of Fun Chooses Many to Many (*…*) 

Patient (Player) Form of Fun Is affected One to Many (1…*) 

Medical Restriction Aesthetic Restriction Arises One to Many (1…*) 

Physician Medical Restriction Defines Many to Many (1…*) 

Physician Patient (Player) Evaluates Many to Many (*…*) 

 

 

 

 

  

 

Visual 

Element 

(Game 

Aesthetic) 

Component 

Name: The name of the 

element. 

Type: The type of visual 

element (Graphic Style, Color 

Palette, Dimensional 

Representation). 

Description The element 

description. 

 Association Connector 

It has the same use as his 

UML counterpart. Allows 

connecting the different 

components. 
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Aesthetics Viewpoint Cross View Correspondence Rules 

 

The following [Table 13] shows the correspondence rules between this Viewpoint and others 

within this Architecture Framework  

 
Table 13 – Aesthetics Viewpoint Cross View Correspondence Rules  

 

Aesthetics 

Viewpoint  

Dynamics 

Viewpoint 

Relationship Cardinality 

Game Aesthetic  Game Dynamics Is implemented  Many to Many (*…*) 

 

4.5. Dynamics Viewpoint 

 

Overview  

 

The Dynamics Viewpoint represents how the fun experience is supported by different Game 

Dynamics.  It also shows how the serious components interact in order to establish a serious 

gameplay through the game dynamics. This viewpoint has the following purposes: 

 

- Establish the relationship between the physical rehabilitation therapy program and 

the Game Dynamics.  

- Show how the game keeps track of the performance of the player by recording 

specific metrics in order to monitor the progress through the rehabilitation process by 

means of a Scoring System.  

- Establish how the Game Dynamics implement the game levels that represent each 

one of the different therapy activities. 

- Show how the different game rules limit the game dynamics.  

 

Concerns Framed by the Viewpoint 

- C1: Achieve the rehabilitation goals. 

- C3: Translate the rehabilitation program into serious game. 

- C4: Identify restrictions regarding gameplay due to the nature of the rehabilitation 

program. 
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- C5: Experience an engaging and fun rehabilitation program  

- C6: Keep track of the rehabilitation program 

Typical Stakeholders 

- S1: Videogame Designer. 

- S3: Physiotherapist 

- S4: Patient (Player) 

-  

Dynamics Viewpoint Model Kind and Conventions 

 

This model kind shows the different relationships and components that define the Dynamics 

of the game. In a common scenario, in this viewpoint, the designer  define the dynamics of 

the game based merely in the aesthetic elements and the emotions that he is trying to convey 

to the player as defined by the MDA Framework [2]. However, this architecture framework is 

focused on serious games for physical rehabilitation, so a set of serious components have to 

be also taken account apart from the pure fun element that define the Game Aesthetics. 

 

Dynamics Viewpoint Metamodel 

 

The metamodel for this viewpoint, shown in [Figure 8], represent how the rehabilitation 

objectives and its corresponding rehabilitation program are related to the Game Dynamics 

and the rules of the game. In addition, depicts how a score system relates with other 

components in order to display information regarding the patient (player) performance within 

the serious game.  

 

In this viewpoint, a Physiotherapist, who is a person capable of formulate a diagnosis, 

prognosis and a Physical Therapy Rehabilitation Program [10],  is in charge of the creation 

of this document.  This program include a special questionnaire based on the rehabilitation 

goals that will restrict a patient (player) to play the game based on their daily health and 

mental status.  

 

A use restriction is launched whenever a patient does not fulfil the minimum requirements to 

perform a therapy activity within the game. This decision is based in works such as [49] where 

the player, before entering the rehabilitation platforms answer a special questionnaire to 
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assess if they are capable of performing a session of rehabilitation in the virtual platform. 

With this restriction, it is guaranteed that whenever a player is ill or feeling intense pain, they 

will not be able to start their rehabilitation activity in the game. This is done in order to avoid 

causing a major damage to their health by forcing them to perform physical intense 

movements such as the ones described in a Physical Therapy Rehabilitation Program. 

 

Therapy consists on multiple exercise activities [50] that should be implemented in a way that 

when the player finishes that activity it also will accomplish a rehabilitation goal. The 

rehabilitation goals depend on the type of rehabilitation therapy that the physiotherapist is 

trying to implement with the help of the serious game. These activities should be implemented 

in the game as a Level or Stage. A Level, Stage or Map in a videogame context is the total 

space available to the player during the course of completing a discrete objective [51]. In 

addition, a level will have a specific difficulty that must increase progressively during the 

course of the game to appeal to players with different skill levels [52] .   

 

A game is a dynamic system, a state machine that changes over time according to player 

input, game code and external control mechanics [31]. This dynamic system can be 

expressed through various dynamics, defined by the game designer that could make possible 

to change the state of the system. However, all the activities that the player do in order to 

“bring to life” the game dynamics should be limited by the game rules [30].  

 

Based on the definitions presented, we could say that Game Dynamics are the different 

actions that a player could take in order to achieve an objective within a level in the game. 

For these reason in this view we express that the game level is implemented through this 

component. 

 

The player performance during a sustained gameplay activity is important to describe player 

skill, expressive play and rewarding game experience [29] which are the “pure entertaining” 

objectives of the serious game. In this view, the different Game Dynamics are quantified by 

metrics that must be defined for each one of the core Game Dynamics that are going to be 

implemented within a level. These metrics are presented to the player via a Scoring System  

 

Scoring serves as a bridge between games and players, and thereby provides an indication 

of the degree to which game players are successful on achieving the objectives of the game 

[52]. In our case, the score system present results from the ongoing therapy for both the 

patient (Player) and the physiotherapist. By using these results, the physician could 



 

52 

determine corrective actions in case that the rehabilitation goals are not being fulfilled in a 

proper way.  

 

The different scores and metrics are being communicated to the physiotherapist via a 

communication channel, which can be email. SMS, real time chat, social networks, etc. This 

channel serves as a link between the game and the physiotherapist who are not always near 

the patient to supervise their work. This situation is common when the serious game is 

implemented as a tele-rehabilitation platform. 
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Figure 8- Dynamics Viewpoint Metamodel
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Dynamics Viewpoint Architecture Description Language 

 

The following [Table 14] shows the notation for the Dynamics Viewpoint Architecture 

Description Language used for modeling all the stakeholders, elements and concerns framed 

by this Viewpoint. 

 

Table 14- Dynamics Viewpoint Architecture Description Language  

 

Symbol Name Type  Description 

 

Actor (General) Component 

Based on UML. This actor is 

used to represent any of the 

stakeholders of the Viewpoint. 

 

Restriction 

(General) 
Component 

Used to represent any kind of 

restriction. In this Viewpoint 

will represent use restrictions. 

Type: Represent the type of 

restriction: 

Description: The restriction 

description. 

 

 

Physical 

Therapy 

Rehabilitation 

Program 

Component 

Name: The name of the 

rehabilitation therapy program. 

Description:  A brief 

explanation of the 

rehabilitation program and a 

reference to the complete 

document. 

 

 

Therapy 

Activity 
Component 

Name: The name of the 

activity. 

Description:  Description of 

the activity. 
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Rehabilitation 

Goal 
Component 

Description:   Description of 

the goal. 

 

 

 

Game Level Component 

Name: Name of the level. 

Difficulty Level: Level of 

difficulty of the level (The 

classification has to be made 

by the game designer). 

 

 

Game Dynamic Component 

Name: Name of the Game 

Dynamic. 

Description: Description of 

the game dynamic. 

 

 

Metric Component 

Name: Name of the metric. 

Description: Description of 

the metric. 

 

 

Scoring System Component 

 

 

Name: Name of the system. 

Description: Description of 

the system. (How score is 

going to be presented to the 

player by using this system) 
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Dynamics Viewpoint Correspondence Rules 

 

All correspondence rules for this viewpoint have been defined in the Metamodel in the Model 

Kind section. The following table [Table 15] resumes the correspondence rules defined in 

[Figure 8]. 

 

 

 

 

 

Communication 

Channel 
Component 

Name: Name of the channel. 

Description: Description of 

the channel. (How is this 

system going to be used for 

communication) 

 

 

 

Game Rule Component 

Name: Name of the rule. 

Description: Description of 

the rule. 

 

Association Connector It has the same use as his UML 

counterpart. Allows connecting 

the different components.  

 

Realization Connector It has the same use as his 

UML counterpart. Allows 

establishing an 

implementation relationship 

between components  
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Table 15- Dynamics Viewpoint Correspondence Rule 

 

Architecture 

Element 1 

Architecture 

Element 2 

Relationship Cardinality 

Physiotherapist Physical Therapy 

Rehabilitation 

Program 

Creates Many to Many (*…*) 

Physical Therapy 

Rehabilitation 

Program 

Therapy Activity Contains One to Many (1…*) 

Use Restriction Therapy Activity Restricts One to Many (1…*) 

Use Restriction Patient Assessment 

Questionnaire  

Is determined by One to Many (1…*) 

Therapy Activity Rehabilitation Goal Pursues  One to Many (1…*) 

Patient (Player) Therapy Activity Executes One to Many (1…*) 

Therapy Activity Game Level Is Implemented One to Many (1…*) 

Difficulty Level Game Level Is part of One to Many (1…*) 

Physician Patient (Player) Evaluates One to Many (*…*) 

Game Level Game Dynamic Is Implemented Many to Many (*…*) 

Game Dynamic Rule Is restricted One to Many (*…*) 

Game Dynamic Metric Is evaluated by One to Many (1…*) 

Score System Metric Shows information 

of 

One to Many (1…*) 

Communication 

Channel 

Score System Retrieves data from Many to Many (1…*) 

Physiotherapist Communication 

Channel 

Uses Many to Many (1…*) 

Patient Score System Retrieves 

Information from 

One to Many (1…*) 

Physiotherapist Patient Supervises Many to Many (1…*) 

 

Dynamics Viewpoint Cross View Correspondence Rules 

The following table [Table 16] shows the correspondence rules between this Viewpoint and 

others within this Architecture Framework  
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Table 16 – Dynamics Viewpoint Cross View Correspondence Rules  
 

Aesthetics View  Dynamics View Relationship Cardinality 

Game Dynamics  Game Mechanics Is implemented  Many to Many (*…*) 

4.6. Mechanics Viewpoint 

 

Overview 

 

The Mechanics Viewpoint represent how the Game Dynamics are implemented by different 

individual actions the player is allowed to make within the context of the game.  These 

different actions are triggered by an external physical action made via an input device.  Due 

to the nature of a serious game focused on physical rehabilitation it is important to establish 

an input mechanism that will support the rehabilitation therapy process.  This viewpoint has 

the following purposes:  

  

- Show how the Game Mechanics are triggered by different input methods. 

- Establish a restriction with respect to the input method in order to establish the best 

mechanism to support the physical rehabilitation therapy program. 

- Show the different hardware components of the serious game.     

 

Concerns Framed by the Viewpoint 

 

- C1: Achieve the rehabilitation goals. 

- C7: Avoid any health damage as a side effect due to the use of the serious game 

- C8: Identify the type of hardware that suits best the rehabilitation program. 

 

Typical Stakeholders 

 

- S1: Videogame Designer. 

- S3: Physiotherapist/ Physician 

- S4: Patient (Player) 
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Mechanics Viewpoint Model Kind and Conventions 

 

This model kind shows the relationship of the components that define the Mechanics of the 

game, see [Figure 9]. The Game Mechanics are the various actions, behaviors and control 

mechanisms afforded to the player within a game context [2].  

 

Mechanics Viewpoint Metamodel 

 

Game Mechanics are not equal to game rules (Defined in the Dynamics Viewpoint); a Game 

Mechanic is an in-game behavior that includes in-game rules, processes and data that 

generate gameplay [27].  The main difference between a Game Mechanic and a Rule is that 

there cannot be a mechanic without rules, this is, the mechanics are means to guide the 

player and the game into a particular behavior by restricting these actions by a set of rules 

that reduce the possible choices for the player in order to attain a goal [28] .  

 

As explained before, all Game Mechanics are the result of an action performed by the player 

that is translated as an input to the game system. These different actions need an input 

device in order to be executed into the game. Due to the nature of a serious game for physical 

rehabilitation, all input mechanisms have to imply significant movement for the player in order 

to execute the different rehabilitation therapy activities. In this viewpoint, all input methods 

are based on a research made for classification [Table 17] of input methods for Active 

Games, which are games that involve any form of Physical Activity:  

 

Every input method has to be implemented according to the platform where the game is going 

to be played. Each platform has their different implementation mechanisms that do not enter 

into the scope of this Architecture Framework 

 

The Physiotherapist has the responsibility of diagnosing the Physical Disability the player is 

trying to improve which is going to be translated as an input restriction. An Input Restriction 

describes which physical actions has to be taken account when defining the input method, 

i.e. “The game will have to focus on the movement of the lower limbs of the body but the 

patient will not be able to stand while playing” 
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Figure 9 - Mechanics Viewpoint Metamodel
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Table 17 – Input Methods for Active Games [53] 
 

Input Method Description 

Gesture A gesture is a movement of the limbs, head, or body within a defined 

pattern. The location and orientation of the body is normally irrelevant to 

a gesture, but timing is important. 

Stance A stance captures a player’s physical position at an instant of time. A 

stance is not an action, but describes the placement of the player’s feet, 

hands, and body. 

Point Pointing requires players to direct attention to an on-screen entity. 

Players point by aiming a finger, hand, or hand-held device at a region 

of interest. 

Power Power represents the raw physical energy exerted by the player. Power 

is often tied to movement of the player’s in-game avatar with input 

typically captured continuously over a period. 

Continuous 

Control 

Continuous control input confines body movement to an in-game entity. 

With continuous control, it is possible to capture movement in two or 

three dimensions. 

Tap A tap input requires a player to touch an object or location in the physical 

world. This action is captured at contact.  

 

 

Mechanics Viewpoint Architecture Description Language 

 

The following [Table 18] shows the notation for the Mechanics Viewpoint Architecture 

Description Language used for modeling all the stakeholders, elements and concerns framed 

by this Viewpoint. 
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Table 18 – Mechanics Viewpoint Architecture Description Language  
 
 
 

Symbol Name Type  Description 

 

Actor (General) Component 

Based on UML. This actor is 

used to represent any of the 

stakeholders of the Viewpoint. 

 

 

Game 

Mechanic 
Component 

Name: Name of the Game 

Mechanic. 

 

Game Platform Component 
Name: Name of the Game 

Platform. 

 

 

Input Method Component 

Name: Name or identifier of 

the component. 

Type: Type of Input Method 

(based on input types for 

active games). 

Description: Description or 

reference to the document 

with the full implementation 

details of the input method. 

 

 

Motor Disability Component 

Name: Name of the Motor 

disability. 

Description: Description of 

the Motor disability or 

reference to the document 

where is fully detailed. 
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Mechanics Viewpoint Correspondence Rules 

 

All correspondence rules for this viewpoint have been defined in the Metamodel in the Model 

Kind section. The following [Table 19] resumes the correspondence rules defined in [Figure 

9] 

 

Table 19 – Mechanics Viewpoint Correspondence Rules  
 

Architecture 

Element 1 

Architecture 

Element 2 

Relationship Cardinality 

Game Designer Game Mechanics Defines Many to Many (*…*) 

Input Restriction Input Method Restricts One to Many (1…*) 

Game Mechanic Input Method Is Executed One to Many (1…*) 

Videogame Platform Input Method Implements One to Many (1…*) 

Patient Videogame Platform Uses One to Many (1…*) 

Motor Disability Patient (Player) Affects Many to Many (*…*) 

 

 

 

Restriction 

(General) 
Component 

Used to represent any kind of 

restriction. In this Viewpoint 

will represent input 

restrictions. 

Type: Represent the type of 

restriction: 

Description: The restriction 

description. 

 Association Connector 

It has the same use as his 

UML counterpart. Allows 

connecting the different 

components.  

 
Realization Connector 

It has the same use as his 

UML counterpart. Allows 

establishing an 

implementation relationship 

between components  
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Physician Physical Disability Diagnoses Many to Many (*…*) 

Motor Disability Input Restriction Raises One to Many (*…*) 

 

 

Mechanics Viewpoint Cross View Correspondence Rules 

The following table [Table 20] shows the correspondence rules between this Viewpoint and 

others within this Architecture Framework  

 

Table 20 – Mechanics Viewpoint Cross View Correspondence Rules  

 

Dynamics View  Mechanics View Relationship Cardinality 

Game Dynamics Game Mechanics Is implemented  Many to Many (*…*) 

 

4.7. Framework Evaluation 

 

The evaluation of the proposed framework was done via a survey based on the GQM 

Methodology oriented toward the different Stakeholders described in the Architecture in order 

to assess the quality of this architecture description proposal.  

 

It is important to note, that this evaluation does not aim to obtain information regarding the 

quality of an application or implementation of the framework, as this goal lays outside of the 

scope of this work. For this reason, we are proposing a simple questionnaire to gather the 

feedback of the stakeholders on this framework proposal.  

 

A guide containing a summarization of the framework based on this work expressed through 

non-technical terminology was provided along with the questionnaire to help the different 

stakeholders to understand and evaluate this work (See Appendix I).  Each one of the 

participants were giving and previous version of this framework proposal. The one presented 

in this manuscript contains all their feedback and valuable input contributed by them after 

answering the survey.   

 

The survey process was based on the approach taken by Musil [35] based on the GQM 

Methodology, consisting on three sequential phases: preparation phase, execution phase 

and evaluation phase. 
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Phase I. Preparation  

 

During this phase, a questionnaire was created using the GQM method described before. 

First all goals were based in and mapped with the concerns framed by the architecture 

framework.  

 

Goals Definition 

 

From all stakeholders the patient was left out of this evaluation, as they are not an integral 

part of the design process in a way that their knowledge is important to the design of the 

serious game. Patients in a way are the group of persons that will be benefited by the correct 

application of the framework and their opinion will be relevant in any future implementation 

in a real world case scenario. The following [Table 21] shows the mapping and deconstruction 

of each stakeholder concern into a GQM goal. 

 

Table 21 – Architecture Framework Concerns and GQM Goals Mapping 

 

Architecture Framework 

Concern  
Goal (GQM Deconstruction) Stakeholders  

Achieve a full completion 

of the rehabilitation goals. 

Purpose: Achieve a full 

completion 

- Videogame 
Designer. 

- Physician 
- Physiotherapist. 

 

Object to be measured: 

Rehabilitation Goals. 

Issue: Inability to complete 

successfully all goals in a physical 

rehabilitation program. 

Design and develop a fun 

and meaningful 

experience 

Purpose: Design and Develop 

- Videogame 
Designer. 

 

Object to be measured: Game 

Experience 

Issue: Design a game that is not 

fun and without meaning. 
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Translate the 

rehabilitation program into 

serious game. 

Purpose: Translate  

- Videogame 
Designer 

Object to be measured: 

Implementation of a physical 

rehabilitation program into a 

serious game 

Issue: Inability to implement in a 

proper way a physical 

rehabilitation program into a 

serious game.  

Identify restrictions 

regarding gameplay due 

to the nature of the 

rehabilitation program. 

Purpose: Identify  

- Videogame 
designer 

- Physiotherapist 

Object to be measured:  

Restrictions 

Issue: Inability to identify 

restrictions that could affect to 

overall quality of the serious game.  

Experience an engaging 

and fun rehabilitation 

program  

Purpose: Experience  

 

Object to be measured:  

Fun experienced 

Issue: Experience a boring game.  

Keep track of the 

rehabilitation program 

Purpose: Keep track 

- Physiotherapist  
- Physician 

Object to be measured:  

Rehabilitation program 

Issue: Do not have record on the 

progress made by the patient.  

Avoid any health damage 

as a side effect due to the 

use of the serious game 

Purpose: Avoid 

- Videogame 
Designer. 

- Physician. 
- Physiotherapist. 

 

Object to be measured:  

Health 

Issue: Possible health damage as 

a side effect due to the use of the 

serious game.  
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Identify the type of 

hardware that suits best 

the physical rehabilitation 

program. 

Purpose: Identify  

- Videogame 
Designer. 

- Physiotherapist. 

Object to be measured:  

Hardware  

Issue: Hardware compatibility 

problems with the physical 

rehabilitation program  

 

Metrics Definition  

 

The following metrics [Table 22] were used to assess the questions presented to the 

stakeholders of the framework: 

 

Table 22 – GQM Metrics Definition  

 

Metric Description 

Quality Rating  The rate scale will have five different quality levels from low to 

high as follows: 

1: Very bad 
2: Bad 
3: Ok 
4: Good 
5: Very good 

Dichotomous answer  The answer will be a direct yes or no option. 

Open Question A direct and descriptive answer with respect to a specific topic. 

 

Questions Definition  

 

In order to break the issue into its major components the following questionnaire [Table 23] 

was created to be presented to each one of the group of stakeholders in order to determine 

the quality of the proposed framework and which possible improvements could be added in 

the future. With the metrics proposed, the survey contributed with Qualitative/Quantitative 

results that allowed the gathering of opinions on improvements to the framework as well as 

quality metrics. 

 

All questions were mapped with their respective metrics to allow quantitative analysis during 

the evaluation phase according to the GQM methodology. 
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Table 23 - Architecture Framework Evaluation Questionnaire 

 

Goal  Question Metric 

Achieve a full 

completion of the 

rehabilitation goals 

Do you think this framework includes 

enough elements to motivate the 

patients to achieve their rehabilitation 

goals? 

Dichotomous answer 

Design and develop a 

fun and meaningful 

experience 

Which is the score qualification that 

you would give to the fun division 

classification stated in the aesthetics 

viewpoint? 

Quality rating 

Do you think that the elements 

presented within this framework work 

together to achieve a fun and 

engaging experience? 

Dichotomous answer 

Which is the score that you would give 

to the division of elements proposed in 

the aesthetics viewpoint? 

Quality Rating 

Translate the physical 

rehabilitation program 

into serious game 

Which is the score that you would give 

to the implementation of the Physical 

Therapy Rehabilitation Program 

proposed in the dynamics viewpoint? 

Quality rating 

Identify restrictions 

regarding gameplay 

due to the nature of 

the rehabilitation 

program 

Do you think the framework 

addresses all necessary restrictions in 

order to guarantee a proper execution 

of a physical rehabilitation program?    

Dichotomous 

Answer 

Do you think is necessary to add any 

other type of restrictions that could 

help to improve this framework 

proposal?  

Dichotomous 

answer/ Open 

Question 

Experience an 

engaging and fun 

rehabilitation program  

Do you think there are enough 

elements in the fun division 

classification to ensure a fun 

experience for the player? 

Dichotomous 

Answer/Open 

Question 
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Keep track of the 

rehabilitation program 

Do you think this framework includes 

enough mechanisms to monitor the 

progress of a Physical Therapy 

Rehabilitation Program? 

Dichotomous 

Answer 

Which is the score that you would give 

to the design proposed in this 

framework in order to monitor the 

progress of the patient within the 

Physical Rehabilitation Program? 

Quality Rating 

Avoid any health 

damage as a side 

effect due to the use 

of the serious game 

Which is the score that you would 

give to the restrictions proposed in 

this framework with the goal of avoid 

side effects because of the use of the 

serious game? 

Quality Rating 

Identify the type of 

hardware that suits 

best the physical 

rehabilitation program 

Which is the score that you would give 

to the proposal of implementation of 

input hardware (input devices) 

explained in the mechanics 

viewpoint? 

Quality Rating 

General Give your opinion about the proposed 

framework 

Open Question 

 

In addition to this questionnaire, a section to gather some demographic information was also 

included. This section was included in order to assess some characteristics of each group of 

stakeholders. The following table [Table 24] show the information that was included in the 

mentioned section.   

 

Table 24 – Demographic Information to be gathered by Stakeholder  

 

Information/Question Stakeholder Metric 

Age All Open Question 

Genre All Selection Question (Male, Female, 

Prefer not to say, Other)  
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Professional Degree Level All Selection Question: (High School, 

Bachelor or similar degree, Master, 

PhD Degree) 

Do you have any experience with 

serious games? 

All Dichotomous Question 

How many years of experience do 

you have as game designer? 

Game 

Designer 

Open Question 

How many years of experience do 

you have as a physician? 

Physician Open Question 

How many years of experience do 

you have as a physiotherapist  

Physiotherapist Open Question 

 

 

Phase II. Execution 

 

The questionnaire was uploaded as an online survey. A link to the survey in form of an 

invitation was sent to a group of participants corresponding to a focus group of stakeholders 

during a period of two weeks. In the following [Table 25] there is a description of the links that 

lead to the surveys for each group. Stakeholders answered a questionnaire based on their 

identified concerns as described in [Table 21] 

 

Table 25 – Survey online links  

 

Stakeholder Group Link 

Game Designers https://goo.gl/forms/ItyaBrsRcrXgwtAC2 

Physicians  https://goo.gl/forms/xqUf5uVvgr0NRmrX2 

Physiotherapist  https://goo.gl/forms/gfJiNGLmrss5kwsM2 

 

Phase III. Evaluation  

 

At least five different participants answered each survey [Table 26]. This decision was based 

on the work made by [54] who states that five is a more than enough sample size for usability 

studies as, starting from this number the results start showing the same findings repeatedly. 

https://goo.gl/forms/ItyaBrsRcrXgwtAC2
https://goo.gl/forms/xqUf5uVvgr0NRmrX2
https://goo.gl/forms/gfJiNGLmrss5kwsM2
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All questions were translated and answered in Spanish Language. The following results show 

an accurate translation for each one of them. 

 

Table 26 – Survey Sample Size by Focus Group 

 

Stakeholder Group Focus Group Size 

Game Designers 5 

Physicians 6 

Physiotherapists 5 

 

Game Designers Results  

 

DEMOGRAPHIC INFORMATION  

 

Genre  

 

Male 5  

 

Female 0  

I prefer not to say 0  

Other 0  

 

Education Level 

 

Elementary 0   

 

High School 0  

Bachelor degree or 

similar 

4  

Master degree or 

PhD 

1  
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Do you have any experience developing serious games? 

 

Yes 3   

 

No 2  

 

 

How many years of experience do you have as a Game Designer? 

 

0-3 5  

 

3-5 0  

5-10 0  

>10 0  

 

FRAMEWORK EVALUATION  

 

Which is the score that you would give to the division of elements proposed in the 

aesthetics viewpoint? 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

1 

4: Good 
 

2 

5: Very good  2 
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Which is the score qualification that you would give to the fun division classification 

stated in the aesthetics viewpoint? 

 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

1 

4: Good 
 

2 

5: Very good  2 

 

 

Do you think there are enough elements in the fun division classification to ensure a 

fun experience for the player? In the case that your answer is no please, add your 

proposal as “other option”.  

 

Yes 3  

 

No 

Other 1:  

Collecting: The player wins 

collectibles such as trophies or 

insignias as a reward for 

achieving difficult tasks within 

the game. 

Other 2:  

Customizable level of difficulty.   

2  
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Do you think is necessary to add any other type of restrictions that could help to 

improve this framework proposal? In case that your answer is positive, please, add 

your proposal as “other option”. 

 

No 3  

 

Yes 

Other 1: 

Technical Restrictions: 

Regarding hardware 

implementation issues such as 

rendering and the use of the 

game engine. 

Other 2:  

Restrictions regarding the time 

of use of the system.   

2  

 

Which is the score that you would give to the implementation of the Physical Therapy 

Rehabilitation Program proposed in the dynamics viewpoint? 

 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

0 

4: Good 
 

1 

5: Very good  4 
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Do you think this framework includes enough elements to motivate the patients to 

achieve their rehabilitation goals? 

 

Yes 4   

 

No 1  

 

Do you think that the elements presented within this framework work together to 

achieve a fun and engaging experience? 

Yes 4   

 

No 1  

 

Do you think this framework includes enough mechanisms to monitor the progress 

of a Physical Therapy Rehabilitation Program? 

 

Yes 3   

 

No 2  
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Which is the score that you would give to the restrictions proposed in this framework 

with the goal of avoid side effects because of the use of the serious game? 

 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

0 

4: Good 
 

2 

5: Very good  3 

 

Which is the score that you would give to the design proposed in this framework in 

order to monitor the progress of the patient within the Physical Rehabilitation 

Program? 

 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

1 

4: Good 
 

3 

5: Very good  1 

 

Which is the score that you would give to the proposal of implementation of input 

hardware (Input devices) explained in the mechanics viewpoint? 

 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

1 

4: Good 1 

5: Very good  3 
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Give your personal opinion about this framework proposal 

 

1. It is an excellent proposal. The ludic activities are an extrinsic motivation that motivates 

the activity of a player and even more when these activities are reinforced by rewarding 

mechanisms such as the one described in this framework (Difficulty curve, progress 

monitoring and storytelling). Just as a suggestion, it could help to add a trophy or 

achievements system with motivating messages like, congratulations or you made it! 

Whenever a player achieves certain goal. As any game could be hacked, it needs to 

be constantly monitored by the physiotherapist to avoid this situation. The proposal is 

a well-structured framework. It shows the quality of the research made and the goal of 

designing something that could be beneficial for others. If it were to be implemented 

someday, it will be a great contribution to society.  

2. The framework is well developed. It shows the experience knowledge and research 

made by its author. It could be interesting and analysis in the case that a patient has a 

slowly progress. This could lead to frustrating what will happen if he cannot progress 

on the game. 

3. Given that a framework is a structure that provides guidelines for implementation or de 

design of a videogame this framework is well developed. In the field of entertainment, 

it is important to address a variety of mechanisms to achieve a full immersion to satisfy 

the needs of the users. This is done with an structure similar to the one proposed in 

this work  

4. With respect to the score as a monitoring element for progress, I have an observation. 

If it is true that the score helps to keep the player motivated it could also lead to the 

players leaving the rehabilitation goals in the background, falling in bad practices and/or 

misuse of the serious game with the purpose of improving their scores at any cost. It 

could be interesting to add other gamification strategies to keep up with the motivation 

and give a proper feedback to the patient. 

5. I find very useful the standardization of the design process. It could lead to a more easy 

rehabilitation process and could contribute to a faster recovery on the patients. 
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Physicians Results  

 

DEMOGRAPHIC INFORMATION  

 

Genre  

 

Male 5  

 

Female 1  

I prefer not to say 0  

Other 0  

 

Education Level 

 

Elementary 0   

 

High School 0  

Bachelor degree or 

similar 

5  

Master degree or 

PhD 

1  

 

Do you have any experience using health oriented serious games? 

 

Yes 2   

 

No 4  
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How many years of experience do you have in the field of medicine? 

 

0-3 2   

 

3-5 2  

5-10 1  

>10 1  

 

FRAMEWORK EVALUATION  

 

Do you think is necessary to add any other restriction regarding the health of the 

patient in order to improve this framework? In the case that your answer is positive, 

please, add your proposal as “other option” 

 

Yes 0   

 

No 6  

 

Which is the score that you would give to the implementation of the Physical Therapy 

Rehabilitation Program proposed in the dynamics viewpoint? 

 

1: Very bad 
 

0 

 

2: Bad 0 

3: Ok 0 

4: Good 1 

5: Very good  5 
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Do you think this framework includes enough elements to motivate the patients to 

achieve their rehabilitation goals? 

 

Yes 6   

 

No 0  

 

Do you think that the elements presented within this framework work together to 

achieve a fun and engaging experience? 

 

Yes 6   

 

No 0  

 

Do you think this framework includes enough mechanisms to monitor the progress 

of a Physical Therapy Rehabilitation Program? 

 

Yes 5   

 

No 1  
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Which is the score that you would give to the restrictions proposed in this framework 

with the goal of avoid side effects because of the use of the serious game? 

 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

1 

4: Good 
 

4 

5: Very good  1 

 

Which is the score that you would give to the design proposed in this framework in 

order to monitor the progress of the patient within the Physical Rehabilitation 

Program? 

 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

1 

4: Good 
 

5 

5: Very good  0 

 

Do you think that the Physician’s responsibilities described in the framework are 

correct? 

 

Yes 5   

 

No 1  

 



 

82 

 

Give your personal opinion about this framework proposal 

 

1. I think it is an excellent initiative. This work could be very useful especially for 

pediatric patients with whom is very difficult to work within a rehabilitation process, 

as the traditional method can be painful and scary. Something that I would like to 

add would be a progressive photographic log to gather anthropometric data such 

as mobility ranges, articulation movement angles, force exerted or speed of 

movement. Generally speaking I think is great tool with a lot of potential. 

2. New and interesting. 

3. Very complete. It analyzes many technical details and the involvement of the 

physician and physiotherapist is well done.  

4. It is common for a physician to resolve acute pathologies. The following and 

monitoring of a rehabilitation most of the time is done by a physiotherapist. The 

physician monitors the start and the end of the rehabilitation process. However, in 

the case of rehabilitation due to dementia or cognitive deficit it could be very useful. 

In these cases, the monitoring is a joint effort between a physician and a 

psychologist that could also be included as part of the team that oversees the 

progress of the patient.  

5. I find the proposal very interesting.  It is common that the patients only follow their 

rehabilitation therapy by obligation rather than to achieve their complete recovery. 

However, by implementing this framework in a game it could give them a more ludic 

and motivational experience. 

6. I find it very interesting and excellent the use of a serious game in the rehabilitation 

area here the motivational component is of great importance to the success of the 

therapy. As a framework I think is well structured and It could be improved to add 

the type of rehabilitation that will be implemented and the age of the patients, that 

will play the game.  
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Physiotherapists Results 

 

DEMOGRAPHIC INFORMATION 

 

Genre  

 

Male 1  

 

Female 4  

I prefer not to say 0  

Other 0  

 

Education Level 

 

Elementary 0   

 

High School 0  

Bachelor degree or 

similar 

5  

Master degree or 

PhD 

0  

 

Do you have any experience using health oriented serious games? 

 

Yes 2   

 

No 3  
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How many years of experience do you have as a Physiotherapist? 

 

0-3 3   

 

3-5 1  

5-10 2  

>10 0  

 

 

FRAMEWORK EVALUATION  

 

Do you think is necessary to add any other restriction regarding the health of the 

patient in order to improve this framework? In the case that your answer is positive, 

please, add your proposal as “other option” 

 

No 3  

 

Yes 

Other 1: 

It is important to give the patient a 

preliminary questionnaire to assess 

the patient initial conditions such as 

pain, fatigue that could help to 

determine if the patient is allowed to 

use the game or no. 

Other 2:  

Take care of the biomechanics of 

each patient. 

2  
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Which is the score that you would give to the implementation of the Physical Therapy 

Rehabilitation Program proposed in the dynamics viewpoint? 

 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

1 

4: Good. 
 

4 

5: Very good  0 

 

Do you think this framework includes enough elements to motivate the patients to 

achieve their rehabilitation goals? 

 

Yes 3   

 

No 2  

 

Do you think that the elements presented within this framework work together to 

achieve a fun and engaging experience? 

Yes 5   

 

No 0  
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Do you think this framework includes enough mechanisms to monitor the progress 

of a Physical Therapy Rehabilitation Program? 

 

Yes 1   

 

No 4  

 

Which is the score that you would give to the restrictions proposed in this framework 

with the goal of avoid side effects because of the use of the serious game? 

 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

3 

4: Good. 
 

2 

5: Very good  0 

 

Which is the score that you would give to the design proposed in this framework in 

order to monitor the progress of the patient within the Physical Rehabilitation 

Program? 

1: Very bad 
 

0 

 

2: Bad 
 

0 

3: Ok 
 

2 

4: Good. 
 

3 

5: Very good  0 
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Do you think that the Physician’s responsibilities described in the framework are 

correct? 

Yes 3   

 

No 2  

 

Give your personal opinion about this framework proposal 

 

1. Excellent and innovative work in the country. The definition of the pathology, lesion, 

or disease where to implement the framework is of utter most importance as a 

complement to the work in physiotherapy as is difficult to achieve adherence of a 

patient to an exercise plan. The physiotherapist should do the elaboration of the 

treatment as well as the monitoring of the therapy. A communication channel 

between the patient and the physiotherapist could be an interesting addition to the 

framework.  

2. It is innovative and could be useful to motivate the patient to perform the exercises 

proposed by the physiotherapist at home. However, special care must be taken in 

not generalizing the pathologies as the treatment is focused on a person. 

3. Good proposal to implement a therapy program for children, teenagers and young 

adults. It is very difficult for an adult or elder to interact in a proper way with a serious 

game. 

4. It is important to update with respect to the implementation of innovative strategies 

in order to give better treatments to the patients and this framework addresses this 

issue.  

5. Interesting. However, in real life it must be necessary to link the treatment goal with 

different pathologies and age of the patients. 
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Summarization of results by Stakeholder Group 

  

No Variable Stats/Values Frequency  

(% of valid) 

Valid Missing 

Game Designers 

1 Genre 1. Male 

2. Female 

3. I prefer not to say 

4. Other 

5 (100 %) 

0 (0%) 

0 (0%) 

0 (0%) 

 

5(100%) 0 (0 %) 

2  Education Level 1. Elementary 

2. High School  

3. Bachelor degree or 

similar 

4. PhD or Master 

Degree 

0 (0%) 

0 (0%) 

4 (80%) 

 

1 (20%) 

5(100%) 0 (0%) 

3 Do you have experience 

developing serious 

games? 

1. Yes 

2. No 

3 (60%) 

2 (40%) 

5(100%) 0 (0%) 

4 Years of experience as 

Game Dev. 

1. 0-3 

2. 3-5 

3. 5-10 

4. >10 

5 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

5(100%) 0 (0%) 

5 Score given to the 

element division on 

aesthetics viewpoint 

Range: (1-5) 

Standard Deviation: 4.2 

1: 0 (0%) 

2: 0 (0%) 

3: 1(20%) 

4: 2(40%) 

5: 2(40%) 

5(100%) 0(0%) 

6 Score given to fun 

element division on 

aesthetics viewpoint 

Range: (1-5) 

Standard Deviation: 4.2 

1: 0 (0%) 

2: 0 (0%) 

3: 1(20%) 

4: 2(40%) 

5: 2(40%) 

5(100%) 0(0%) 

7 Are there enough 

elements in the fun 

element division to 

ensure a fun experience? 

Dichotomous 

Question/Open Question 

Yes: 3 (60%) 

Other 1: 1 

(20%) 

Other 2: 1 

(20%) 

5(100%) 0(0%) 

8 Is it necessary to add 

restrictions to the 

framework? 

Dichotomous 

Question/Open Question 

Yes: 3 (60%) 

Other 1: 1 

(20%) 

5(100%) 0(0%) 
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Other 2 1 

(20%) 

9 Score given to the 

physical therapy 

rehabilitation program 

implementation proposal 

Range: (1-5) 

Standard Deviation: 4.8 

1: 0 (0%) 

2: 0 (0%) 

3: 0 (0%) 

4: 1(20%) 

5: 4(80%) 

5(100%) 0(0%) 

10 Are there enough 

elements to motivate the 

patient to achieve the 

rehab goals? 

Dichotomous Question Yes: 4 (80%) 

No: 1 (20%) 

 

5(100%) 0(0%) 

11  The elements of the 

framework work together 

to ensure a fun, 

meaningful, and 

engaging experience? 

Dichotomous Question Yes: 4 (80%) 

No: 1 (20%) 

 

5(100%) 0(0%) 

12 Are enough mechanisms 

to monitor the progress 

the  rehabilitation 

program 

Dichotomous Question Yes: 3 (60%) 

No: 2 (40%) 

 

5(100%) 0(0%) 

13 Score to the restrictions 

proposed in the 

framework 

Range: (1-5) 

Standard Deviation: 4.6 

1: 0 (0%) 

2: 0 (0%) 

3: 0 (0%) 

4: 2(40%) 

5: 3(60%) 

5(100%) 0(0%) 

14 Score to the design 

proposed to monitor the 

progress of the patient 

Range: (1-5) 

Standard Deviation: 4 

1: 0 (0%) 

2: 0 (0%) 

3: 1(20%) 

4: 3(60%) 

5: 1(20%) 

5(100%) 0(0%) 

15 Score to the proposal of 

implementation for input 

methods 

Range: (1-5) 

Standard Deviation: 4.4 

1: 0 (0%) 

2: 0 (0%) 

3: 1(20%) 

4: 1(20%) 

5: 3(60%) 

5(100%) 0(0%) 

Physicians 

1  Genre 1. Male 

2. Female 

3. I prefer not to say 

4. Other 

5 (83.3 %) 

1 (16.7%) 

0 (0%) 

0 (0%) 

6(100%) 0 (0 %)  

2  Education Level 1. Elementary 

2. High School  

0 (0%) 

0 (0%) 

 

6(100%) 0 (0%) 



 

90 

3. Bachelor degree or 

similar 

4. PhD or Master 

Degree 

5 (83.6%) 

 

 

1 (16.7%) 

3 Has experience-using 

health oriented serious 

games? 

1. Yes 

2. No 

2 (33.3%) 

4 (66.7%) 

6(100%) 0 (0%) 

4 Years of experience in 

the field of medicine 

1. 0-3 

2. 3-5 

3. 5-10 

4. >10 

2 (33.3%) 

2 (33.3%) 

1 (16.7%) 

1 (16.7%) 

6(100%) 0 (0%) 

5 Is it necessary to add 

health related restrictions 

to the framework? 

5. Dichotomous 

Question/Open 

Question 

No: 6 (100%) 

Yes: 0 (0%) 

Other: 0 (0%) 

6(100%) 0(0%) 

6 Score given to the 

physical therapy 

rehabilitation program 

implementation proposal 

Range: (1-5) 

Standard Deviation: 4.83 

1: 0 (0%) 

2: 0 (0%) 

3: 0 (0%) 

4: 1(16.7%) 

5: 5(83.3%) 

6(100%) 0(0%) 

7 Are there enough 

elements to motivate the 

patient to achieve the 

rehab goals? 

Dichotomous Question Yes: 6 (80%) 

No: 0 (0%) 

 

6(100%) 0(0%) 

11  The elements of the 

framework work together 

to ensure a fun, 

meaningful, and 

engaging experience? 

Dichotomous Question Yes: 6 (100%) 

No: 0 (0%) 

 

6(100%) 0(0%) 

12 Are enough mechanisms 

to monitor the progress 

the  rehabilitation 

program 

Dichotomous Question Yes: 5 (83.3%) 

No: 1 (16.7%) 

 

6(100%) 0(0%) 

13 Score to the restrictions 

proposed in the 

framework 

Range: (1-5) 

Standard Deviation: 4 

1: 0 (0%) 

2: 0 (0%) 

3: 1 (16.7%) 

4: 4 (66.7%) 

5: 1 (16.7%) 

6(100%) 0(0%) 

14 Score to the design 

proposed to monitor the 

progress of the patient 

Range: (1-5) 

Standard Deviation: 3.83 

1: 0 (0%) 

2: 0 (0%) 

3: 3(16.7%) 

4: 4 (83.3%) 

5: 0 (0%) 

6(100%) 0(0%) 
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15 In the framework. Are the 

physician’s 

responsibilities accurate?  

Dichotomous Question Yes: 5 (83.3%) 

No: 1 (16.7%) 

 

6(100%) 0(0%) 

Physiotherapists  

1  Genre 1. Male 

2. Female 

3. I prefer not to say 

4. Other 

4 (80 %) 

1 (20%) 

0 (0%) 

0 (0%) 

5(100%) 0 (0 %)  

2  Education Level 5. Elementary 

6. High School  

7. Bachelor degree or 

similar 

5. PhD or Master 

Degree 

0 (0%) 

0 (0%) 

 

5 (100%) 

0 (0%) 

5(100%) 0 (0%) 

3 Has experience-using 

health oriented serious 

games? 

3. Yes 

8. No 

2 (40%) 

3 (60%) 

5(100%) 0 (0%) 

4 Years of experience as a 

physiotherapist 

6. 0-3 

7. 3-5 

8. 5-10 

4. >10 

2 (40%) 

1 (20%) 

2 (40%) 

0 (0%) 

5(100%) 0 (0%) 

5 Is it necessary to add 

health related restrictions 

to the framework? 

9. Dichotomous 

Question/Open 

Question 

No: 3 (60%) 

Other 1 (20%) 

Other 2 (20%) 

5(100%) 0(0%) 

 

 

 

 

 

6 Score given to the 

physical therapy 

rehabilitation program 

implementation proposal 

Range: (1-5) 

Standard Deviation: 3.8 

1: 0 (0%) 

2: 0 (0%) 

3: 1 (20%) 

4: 4 (80%) 

5: 0 (0%) 

5(100%) 0(0%) 

7 Are there enough 

elements to motivate the 

patient to achieve the 

rehab goals? 

Dichotomous Question Yes: 3 (60%) 

No: 2 (40%) 

 

5(100%) 0(0%) 

11  The elements of the 

framework work together 

to ensure a fun, 

meaningful, and 

engaging experience? 

 

Dichotomous Question Yes: 5 (100%) 

No: 0 (0%) 

 

5 (100%) 0(0%) 
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12 Are enough mechanisms 

to monitor the progress 

the  rehabilitation 

program 

Dichotomous Question Yes: 1 (20%) 

No: 4 (80%) 

 

5(100%) 0(0%) 

13 Score to the restrictions 

proposed in the 

framework 

Range: (1-5) 

Standard Deviation: 3.4 

1: 0 (0%) 

2: 0 (0%) 

3: 3(16.7%) 

4: 4 (83.3%) 

5: 0 (0%) 

5(100%) 0(0%) 

14 Score to the design 

proposed to monitor the 

progress of the patient 

Range: (1-5) 

Standard Deviation: 3.6 

1: 0 (0%) 

2: 0 (0%) 

3: 2(40%) 

4: 3 (60%) 

5: 0 (0%) 

5(100%) 0(0%) 

15 In the framework. Are the 

physiotherapist 

responsibilities accurate?  

Dichotomous Question Yes: 3 (60%) 

No: 2 (40%) 

 

5(100%) 0(0%) 

 

4.8 Result analysis and future work  

 

The demographic information results show that from all stakeholders the majority of 

participants were male people with medium experience. In addition, the respective level of 

education was not below a bachelor degree or similar. With this information, we can assure 

with a good level of confidence that their feedback is based on experience and professional 

knowledge. 

 

The results presented also showed that the current proposal has a considerable acceptance 

rate by all stakeholders. The game designers survey show that a possible implementation of 

this framework in a real case scenario could lead to the creation of a fun, meaningful and 

engaging experience and that each one of the restrictions stated within the framework are 

enough to health side effects due to the use of the game.  

 

One of the recommendations stated by this group of stakeholders is to add more diversity to 

the types of fun division stated in the aesthetics but it is important to note that the fun division 

serves only as a guide. During the design phase, any other important or meaningful fun 

element could also be included.  
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An observation regarding the restrictions was proposed by the game designers focus group. 

This group stated that a restriction for the total playtime could allow the player to avoid 

overusing the serious game especially in scenarios where the direct control or monitoring of 

the physiotherapist is not available. However, it is important to note that any restriction for 

playtime must be included as a Game Dynamic. As we stated in this work, the Game Dynamic 

implements a level based on different therapy activities. Each one of these activities must 

have a proper time of execution determined by the physiotherapist. 

 

A type of restriction regarding technical aspects such as the game engine or rendering tools 

was also proposed by one person.  This type of component lay in the implementation process 

that is outside of the scope of this work as this framework does not provide any guideline or 

information with respect to the development tools for the game. 

 

The physiotherapists feedback show a deep analysis about the health restrictions proposed. 

A major part of this focus group think that the restrictions proposed are good but not enough 

to avoid health side effects in the patients. One person stated that is vital to stablish a 

preliminary questionnaire to evaluate the initial conditions of the patient prior to the use of the 

serious game. This should be done in order to assess the conditions of the player and 

determine if he is in physical conditions to interact with the game. This input was included in 

the final version of this framework as part of the Game Dynamics Viewpoint. 

 

Another proposed restriction was one regarding the biomechanics of the patient. However, 

these restrictions are an intrinsic part of the correct development of the physical therapy 

rehabilitation program by the physiotherapist. 

 

A proposal regarding the hardware and input methods was to include a communication 

channel between the patient and the therapist in order to maintain a proper communication 

even when the physiotherapist is not present. This was included as part of a feedback system 

linked to the score system described in the dynamics viewpoint. 

 

The physician’s answers were a positive feedback about the fun elements described and the 

overall framework. It was also remarkable that they think that these type of games should be 

directed towards a pediatric audience, as this group of patients are the most difficult to motive 

to perform a physical rehabilitation program in a proper way. However, this common 

misconception is based on the idea that elder people cannot find enjoyment in games and 

that videogames are mainly used by children or young adults. The fun element of a game 
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should appeal to different ages based on different aesthetics combinations as is described in 

the Aesthetics Viewpoint. 

 

The implementation of the framework in a real case scenario will be left as future work. The 

patient feedback will be important in this phase. The success or failure in achieving the 

different rehabilitation goals will be determining in evaluating the quality of the framework in 

this phase.  

 

The design of the framework and its different levels of abstraction are the same for any type 

of game, for this reason a different version of this framework oriented towards the recovery 

and improvement of other diseases is considered for the future. 

 

5. CONCLUSIONS  

- A framework based on the standard ISO/IEC/IEEEE 42010 was proposed. This 

framework includes an architecture description language for modeling and design 

serious games oriented to physical rehabilitation.  

- The created framework provides mechanisms to focus de design of the serious game 

towards the completion of a Physical Therapy Rehabilitation Program.  

- Different restrictions have been identified within the framework. These restrictions aim 

to avoid any health side effect in the patient because of the use of the serious game. 

They were classified on aesthetic, medical, use, and input restrictions. 

- A link was stablished between the rehabilitation goals, the game component and the 

stakeholders. These relationships were expressed as three different viewpoints 

based on the standard ISO/IEC/IEEE 42010. 

- An architecture description language was developed for each different viewpoint of 

the game with the goal of providing to the different stakeholders with a common 

language to model this type of games. 

- The framework proposal was validated by three different stakeholders including 

Physicians, Game Designers and Physiotherapists using the GQM Methodology. 

- All of the participants of the survey had at least a bachelor degree or similar in their 

area of expertise. This helped to guarantee the quality and value of their feedback. 

- The Game Designers and Physicians feedback were positive and praised the quality 

and innovation of the proposal. They approved the design process described within 

the framework as well as the fun elements proposal and the health restrictions 

described in the different viewpoints.  
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- The Physiotherapists’ feedback was mostly good. However, several suggestions 

were made regarding the health restrictions (medical and aesthetics) to complement 

the framework in order to avoid health side effects because of using a serious game 

designed with this framework. 

- The feedback presented by the Physiotherapists focus group was included into the 

framework as two new components of the Dynamics Viewpoint: The use restriction 

and the communication channel. 

- A communication channel for interaction between the serious game and the 

physiotherapist was also included in the Dynamics Viewpoint to act in conjunction 

with the score system. 

- The patients’ stakeholder group did not participate in the survey as their input will be 

more valuable in the implementation and test phase that lays outside of the scope of 

this work.  

- This framework is based on a modified version of the MDA Framework that includes 

different serious components to address the serious goals of the game. 

 

6. RECOMENDATIONS 

 
- The implementation of a game in a real case scenario using this framework will allow 

a more complete evaluation of the quality of this work by using the patients’ feedback. 

- Although not mandatory, it could be useful to use the Architecture Description 

Language and notations stated in each viewpoint for modeling purposes instead of 

just guiding the process by the description of the metamodel. 

- A further analysis for future work will need to include other stakeholders including 

people interested in the legal and ethical aspect of the proposal. 

- The designers when using this framework must no try to generalize in extreme the 

therapy process. The process must focus on the patient as each patient with the same 

disability may have special needs for their rehabilitation exercises. 
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Un marco de 

trabajo para 

diseñar 

videojuegos 

serios orientados 

a la 

rehabilitación 

física 
Autor. José Luis Escobar Cárdenas 

 

El presente documento muestra un resumen ejecutivo de una propuesta de un marco 

de trabajo para el diseño de videojuegos serios orientados a la rehabilitación física 

basado en la norma ISO/IEC/IEEE 42010.  
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Un marco de trabajo 

para diseñar 

videojuegos serios 

orientados a la 

rehabilitación física 
Autor. José Luis Escobar Cárdenas 

Introducción 
 

Este trabajo es el resultado de la aplicación de la norma 

ISO/IEC/IEEE 42010 bajo el contexto de los videojuegos serios 

orientados a la rehabilitación física. La propuesta es un marco de 

trabajo de arquitectura o marco de trabajo que permita establecer 

un lenguaje común para modelar, diagramar y validar el diseño de 

un videojuego serio con estas características. 

Se propone una guía que permitirá a los implicados en el proceso 

de desarrollo de un videojuego serio de este tipo a identificar 

características clave para enfocar el diseño del mismo a alcanzar 

los objetivos de una rehabilitación física. Adicionalmente, este 

marco de trabajo ayudará a identificar restricciones que permitirán 

evitar que el diseño incluya elementos que puedan causar daños o 

efectos secundarios durante la ejecución del videojuego por parte 

de un paciente. 

 

 

Algunas 

definiciones 

importantes 
   

Juego Serio:  

Un juego serio es un 

videojuego que tiene 

un propósito que va 

más allá de la pura 

diversión. Este 

propósito puede servir 

para alcanzar objetivos 

en educación, salud, 

marketing o cambio 

social [2]. 

ISO/IEC/IEEE 42010 

Es un estándar 

internacional que 

define las 

convenciones, 

principios y prácticas 

para la descripción de 

arquitecturas de 

sistemas establecidas 

dentro de un dominio 

específico de aplicación 

y/o una comunidad de 

partes interesadas [3] 
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Objetivos 
 

Este trabajo fue creado con los siguientes objetivos en mente:  

- Identificar restricciones de diseño inherentes al programa de rehabilitación física que se 

quiera implementar a través del juego serio. 

- Establecer relaciones entre los actores implicados en el diseño, los componentes principales 

de diseño de un videojuego y los objetivos de rehabilitación a través de diferentes puntos de 

vista arquitecturales.  

Información de Interés 
 

Escenarios en las que se puede aplicar este marco de trabajo. 
 

Este marco de trabajo puede ser usado para diseñar videojuegos serios que incluyan cualquier tipo de 

rehabilitación física. Es necesario que dentro del proceso de diseño participen activamente tanto el 

diseñador de videojuegos como médicos y fisioterapeutas. Los primeros se encargarán de la parte 

tecnológica y de la implementación del videojuego como un sistema de software. Los médicos y 

fisioterapeutas se encargarán de proporcionar la información referente a programas de rehabilitación, 

ejercicios, métricas a evaluar y objetivos a ser cumplidos por un grupo de pacientes de acuerdo a un 

tipo de rehabilitación específica.  

 

Beneficios de usar este marco de trabajo para los diseñadores de 

videojuegos. 

 

- Identificación de restricciones en el diseño que ayuden a crear un videojuego que minimice los 

efectos secundarios en la salud del paciente que se va a someter al programa de rehabilitación 

física. 

- División del diseño en 3 diferentes niveles de abstracción concernientes a la estética, dinámicas 

y mecánicas del videojuego serio basado en el marco de trabajo MDA [1].  

- Mapeo de la información obtenida en los diferentes puntos de vista a un Documento de Diseño 

de Videojuego (GDD por sus siglas en inglés). 

- Posibilidad de usar un lenguaje de modelado especializado para el diseño de videojuegos 

serios orientados a la rehabilitación física con el fin de identificar los elementos de diseño y sus 

relaciones de una forma gráfica. 

- Experiencia de usuario satisfactoria mediante el uso de un videojuego serio que permita 

alcanzar los objetivos serios además de una experiencia lúdica interesante que permitirá 

motivar a los pacientes a continuar con su programa de rehabilitación física. 
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Descripción del marco de trabajo 
 

El marco de trabajo está basado sobre dos pilares principales. El primero, la norma ISO/IEC/IEEE 

42010 la cual brinda las pautas para construir descripciones de arquitectura de sistemas de manera 

consistente y estandarizada. Segundo, se ha utilizado la división propuesta en el marco de trabajo 

MDA [1]. Este marco de trabajo propone dividir el diseño de videojuego a 3 niveles: Estética 

(Aesthetics), Dinámicas (Dynamics) y Mecánicas (Mechanics). 

 

La descripción de cada una de esas divisiones es la siguiente:  

- Estéticas: Se refiere a todos los elementos necesarios para evocar una experiencia mental y 

sensorial en los jugadores [2].  De acuerdo al marco de trabajo MDA estos componentes 

responden a la pregunta: ¿Qué componentes hacen a un videojuego divertido? [1] 

o Ejemplos:  

 Historia. 

 Música. 

 Gráficos. 

 Diseño de personajes  

- Dinámicas: Son las diferentes acciones que puede tomar el jugador dentro del espacio de 

posibilidades que le brinda el juego [3]. Se puede decir también que las dinámicas son las 

diferentes acciones que puede tomar el jugador para cambiar el estado del videojuego.  

o Ejemplos:  

 Si saltas encima de un enemigo lo destruirás. 

 Si consigues más de 100 monedas al jugador se le asignará una vida extra. 

 El nivel debe ser completado en menos de 60 segundos caso contrario se 

perderá la partida. 

- Mecánicas: Son las diferentes acciones, comportamiento y mecanismos de control que se le 

brinda a un jugador dentro del contexto de un videojuego [1]. Las mecánicas se expresan como 

verbos en infinitivo.  

o Ejemplos: 

 Saltar 

 Moverse  

 Nadar 

 Disparar 

 

Este marco de trabajo muestra los componentes de un videojuego de acuerdo a diferentes 

perspectivas. Siendo las mecánicas del mismo el componente más cercano al diseñador y la estética el 

componente más cercano al jugador tal como se muestra en la siguiente figura [Figura 1] 
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Figura 1: Abstracciones del marco de trabajo MDA 

 

Interesados  
 

Los interesados y sus intereses fueron identificados a través de una revisión de literatura. Los intereses 

serán solventados por cada uno de los puntos de vista del marco de trabajo.  Para expresar la relación 

entre estos elementos se creó la siguiente matriz de trazabilidad [1]. 

Tabla 1 –  Matriz de trazabilidad (Interesado-Interés) 

ID Interés Diseñador 

de 

videojuegos 

Fisioterapeuta Jugador 

(Paciente) 

Médico Fuente 

C1 Alcanzar los objetivos de 

rehabilitación que pueden ser : 

Prevenir, ralentizar, mantener o 

mejorar la pérdida de movilidad. 

x x x x Definición de 

fisioterapia  [4] 

 

C2 Diseñar y desarrollar una 

experiencia divertida y con 

significado. 

x    Definición de juego 

significativo y 

objetivo principal 

del diseño de 

videojuegos [5] 

C3 Traducir el programa de 

rehabilitación física en un 

videojuego serio. 

x    Definición y 

alcance de un 

videojuego serio 

[6]. 

C4 Identificar restricciones con 

respecto a la jugabilidad debido a 

la naturaleza de un programa de 

rehabilitación física. 

. 

x x   Clasificación de 

videojuegos serios 

para salud (Estado 

de enfermedad )[7] 
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C5 Experimentar un programa de 

rehabilitación divertido y 

atractiva 

 

 

  x  Definición de juego 

significativo y 

objetivo principal 

del diseño de 

videojuegos [5]  

 

 

 

C6 Monitorear y dar seguimiento al 

programa de rehabilitación 

 x 

 

 

 x Clasificación de 

videojuegos serios 

para salud (Estado 

de enfermedad )[7] 

C7 Evitar cualquier daño a la salud 

que se pueda dar como efecto 

secundario por el uso del juego 

serio. 

x x x x Clasificación de 

videojuegos serios 

para salud (Estado 

de enfermedad )[7] 

C8 Identificar el tipo de hardware que 

se ajusta mejor al programa de 

rehabilitación 

x x   Clasificación de 

videojuegos serios 

para la salud por 

objetivo a alcanzar 

[9] 

  

Meta-punto de vista  
 

Este punto de vista representa la versión más abstracta de todo este trabajo. Aquí se evidenciarán las 

relaciones entre los diferentes puntos de vista basados en el marco de trabajo MDA. Es importante 

recalcar que los elementos de esta sección no fueron creados con el objetivo de ser modelados o 

diagramados sino con el propósito de mostrar las relaciones de implementación entre los 

componentes del marco de trabajo. 

Meta-modelo del Meta-punto de vista. 

 

Este meta-modelo indica en cada una de las vistas los elementos más importantes referentes al marco 

de trabajo MDA.  Tal como se indica en ese documento, estos están relacionados bajo una relación de 

implementación (Representado como una línea punteada como una saeta pintada). Las estéticas del 

videojuego se implementan a través de dinámicas que den soporte a la experiencia sensorial que se 

quiere evocar en el jugador y a su vez las dinámicas implementan las diferentes mecánicas del 

videojuego [1].  
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Figura 2: Meta-modelo del Meta-punto de vista 

 

Mapeo de la información de los puntos de vista a un Documento de Diseño De 

Videojuego  

 

Un documento de diseño de videojuego (GDD por sus siglas en inglés) es un documento escrito para 

el equipo de desarrollo con instrucciones sobre cómo armar y estructurar un videojuego. Un buen 

GDD debe describir el juego a detalle desde el componente más pequeño hasta la retroalimentación 

visual que se le brinda al jugador [8]. Un documento de diseño de videojuego generalmente define su 

estructura basándose en el género del videojuego que se quiera desarrollar. Sin embargo, existen 

muchos elementos comunes independientes del género. La información que puede obtenerse en cada 

punto de vista propuesto por este marco de trabajo puede mapearse a diferentes secciones de un 

Documento de Diseño de Videojuego de acuerdo a la siguiente tabla [Tabla 2] basado en la estructura 

propuesta por Oxland [8]. 

Tabla 2 – Mapeo entre un Documento de Diseño de Videojuego y los Puntos de Vista de este marco de trabajo. 

Sección del GDD Descripción Puntos de vista relacionados 

Objetivos Misión y filosofía del juego  Punto de vista de dinámicas 

Generalidades Género, número de jugadores, 

generalidades de la historia, 

personajes y controles básicos. 

Punto de vista de estética. 

Punto de vista de mecánicas. 

Mecánicas Mecánicas del juego Punto de vista de mecánicas 

Interfaz Gráfica de Usuario Menús y estilo gráfico Punto de vista de estética. 

 cmp Gameplay View

Meta-Punto de Vista - Basado en el Framework MDA 

Estéticas del Juego Dinámicas del 

Juego

Mecánicas del 

Juego

Vista de Estéticas Vista de Dinámicas Vista de Mecánicas
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Estructura del juego Reglas, dinámicas del juego, 

restricciones, y sistemas de 

retroalimentación 

Punto de vista de dinámicas.  

Entorno del videojuego Estructura de niveles, interfaces de 

interacción, y consideraciones 

gráficas especiales 

Punto de vista de estética 

Punto de vista de dinámicas. 

Sonido Música y efectos especiales Punto de vista de estética 

 

Punto de vista de estética del videojuego  
 

Este punto de vista representa como se crea diversión en el jugador. También es el punto de vista más 

cercano al jugador en términos de abstracción. Esta sección tiene los siguientes propósitos:  

- Mostrar los diferentes tipos de diversión que se pueden alcanzar a través de la estética del juego. 

- Identificar restricciones referentes a la estética del videojuego. Estas restricciones pueden ser parte 

de una condición médica aparte de la falta de movilidad física que está tratando de recuperar. 

 

Entre los diferentes elementos de este meta-modelo, existen dos conectores. Uno de asociación (Línea 

recta) que permite establecer una relación entre dos componentes y otro de generalización (Flecha con 

línea continua y saeta pintada) que permite expresar que todos los componentes son subtipos del 

componente al que apunta la flecha. 

Existen varios elementos importantes dentro de este punto de vista. Entre ellos resalta, las formas de 

diversión, las cuales están basados en una investigación realizada por la Universidad Estatal de 

Michigan [9]  y se describen en la [Tabla 3]:  



Metamodelo del punto de vista de estética 

 

 

 

 cmp Aesthetics View

Paciente(Jugador)

Restricción estética

Forma de div ersión Estética del 

v ideojuego

Elemento de sonido

Elemento gráfico

Elemento de 

historia

Estilo gráfico

Personaje

Restricción médica

Médico

Trama

Diseñador de 

Videojuegos

Conflicto

Escenario

Resolución

Diegético No Diegético

Abstracto

Estilizado

Realista

Representación 

dimensional

Paleta de colores

+Define 1..*

+Es

diagnosticada

por 1..*

+Da origen a

1

+Es

consecuencia de

1..*

+Es influido por 1

+Afecta 1..*

+Da apoyo a

1..*

+Se

apoya

en
1..*

+Es

restringida

por

0..*

+Restringe 0..*

+Es

examinado

por

1..*

+Evalua

1..*

+Escoge 1..*

+Es escogido

por
1..*



Tabla 3 – Formas de Diversión  

Forma de diversión Descripción 

Belleza Aquello que “Satisface a los sentidos” y puede incluir 

gráficos, música o efectos de sonido. 

Inmersión Implica ir a un entorno diferente al usual mediante 

medios físicos o mediante la imaginación. Esto 

incluye el placer de vivir una vida diferente o escapar 

a los problemas cotidianos. 

Resolución de problemas intelectuales Se refiere a encontrar soluciones a situaciones o 

problemáticas que requieran intenso pensamiento. 

Competencia Implica cualquier actividad en donde el objetivo sea 

mostrar la superioridad de uno sobre otras personas, 

o sobre uno mismo mejorando puntajes previos. 

Interacción Social Implica hacer actividades con otros seres humanos. 

Estas incluyen conversar, cooperar o competir. 

Comedia Cualquier actividad que haga reír a una persona. 

Emoción o peligro Implica encontrar diversión donde los riesgos son 

altos. Sin embargo, para algunas personas este tipo de 

diversión puede resultar frustrante. 

Actividad física Se refiere a actividades que requieran de intensos 

movimientos físicos. 

Amor Cualquier acción que implique sentir fuerte afección 

hacia algo. 

Creación Acciones que permitan la creación de objetos. 

Poder Actividades o acciones que demuestren que se tiene 

influencia sobre otros. 

Descubrimiento La acción de encontrar algo que no era conocido 

antes. 

Avance  y completitud  Avanzar hacia un objetivo y eventualmente 

superarlo. 

Aplicación de una habilidad Usar la habilidad física de una persona como 

coordinación mano ojo o acciones que impliquen 

reflejos rápidos 
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Altruismo Implica ayudar a otros jugadores o personajes no 

controlables. 

Aprendizaje Aumentar el entendimiento o conocimiento del 

mundo real. 

 

Además de las formas de diversión, dentro de este punto de vista los elementos más importantes son 

los elementos estéticos para los cuales, se propone la siguiente división (Basada en los sentidos más 

usados por un jugador cuando juega un videojuego):  

- Elemento de historia: Abarca todos los elementos que hacen funcionar la historia de un videojuego. 

Este componente posee una división basada en los cinco elementos esenciales de una historia [24]: 

o Personajes: Son los individuos sobre los que trata la historia. 

o Escenario: Es el sitio donde se desarrolla la historia. 

o Trama: Es la historia en sí. 

o Conflicto: Es el problema o problemas que los personajes están tratando de solucionar a lo 

largo de la historia. 

o Resolución: Es la forma en la que el conflicto se resuelve. 

- Elemento de sonido: Representa los sonidos que se incluyen dentro del videojuego. Este elemento 

está dividido en dos tipos de elementos con base en el marco de trabajo IEZA [11]: 

o Diegético: Es cualquier sonido que nace del mundo ficticio del videojuego. También son 

conocidos como efectos de sonido (SFX por sus siglas en inglés). 

o No Diegético: Es cualquier sonido que no pertenece al mundo del videojuego.  En este 

grupo se encuentran las bandas sonoras y la música incidental. 

- Estilo gráfico: Es la representación visual de un personaje u objeto que se mostrará al jugador a 

través de una pantalla [12]. Este elemento está dividido en los siguientes componentes: 

o Estilo gráfico: Es el resultado alcanzado mediante el uso de varias técnicas con el objetivo 

de dar al videojuego una apariencia propia y original [12]. Este a su vez se divide en 3 

categorías:  

 Abstracto: El estilo que se enfoca en representar los gráficos del videojuego a través 

de formas geométricas básicas. 

 Estilizado: Es el estilo que se enfoca en presentar a una persona u objeto mediante 

la exageración de sus rasgos más prominentes [13]. 

 Realista: Este es el estilo que trata de emular los personajes, objetos y entornos con 

la mayor similitud a la realidad posible [12]. 

o Representación dimensional: Define la representación geométrica de una imagen en el 

espacio. Esto se refiere a que los gráficos pueden ser dibujados como planos (2D) o 

volúmenes (3D). 

o Paleta de colores: Es el rango particular, calidad o uso del color [14].  

Uno de los objetivos de este marco de trabajo es reducir los efectos secundarios en la salud de los 

pacientes que usen del videojuego serio mediante la temprana identificación de elementos que puedan 

ser nocivos en caso de que lleguen a ser implementados.  Los videojuegos como tal, no son inofensivos. 

El uso de videojuegos está relacionado con enfermedades como alucinaciones auditivas, enuresis, 

encopresis, dolor de muñeca, dolor de cuello, dolor de hombro, síndrome de túnel carpiano, 
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neuropatías y obesidad [15]. Adicionalmente, puede causar episodios epilépticos como resultado de 

reacciones foto sensitivas causadas por las imágenes del juego y los colores usados [16].   

Por las razones anteriormente expuestas, es necesario identificar cualquier restricción médica 

diagnosticada por un médico, de tal forma que pueda ser de relevancia durante el diseño del 

videojuego. Estas restricciones médicas podrán ser identificadas y relacionadas con los componentes 

estéticos a través de restricciones estéticas que ayudaran al diseñador a identificar elementos 

potencialmente peligrosos para la salud del grupo de pacientes que van a ser los jugadores del 

videojuego serio.  

 

Lenguaje de descripción de arquitectura – Punto de vista estético 

 

A continuación [Tabla 4], se presenta un detalle de todos los elementos gráficos que pueden ser 

utilizados para modelar los componentes estéticos del videojuego serio. Este lenguaje debe seguir las 

reglas de correspondencia entre elementos descritas en el meta-modelo de este punto de vista. 

Tabla 4 – Lenguaje de descripción de arquitectura del punto de vista estético  

 

Símbolo Nombre Tipo Descripción 

 

Actor (De uso 

General) 

Componente Este actor representa a cualquiera 

de los interesados implicados en 

este punto de vista (Médico, 

Diseñador de Videojuegos) 

 

Restricción (De 

uso General) 

Componente Usado para representar cualquier 

tipo de restricción. En este punto 

de vista representará restricciones 

médicas y estéticas. 

 

 

Forma de 

diversión. 

Componente Cualquiera de las formas de 

diversión expresadas en este 

punto de vista. 
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Reglas de correspondencia – Punto de vista estético 

 

La siguiente tabla [Tabla 5] resume todas las reglas de correspondencia que se deben seguir para 

modelar el aspecto estético del videojuego serio de acuerdo a lo indicado en el Metamodelo de este 

punto de vista. Estas reglas de correspondencia indican una relación entre los elementos más una 

cardinalidad. La forma correcta de leer esta notación es la siguiente: 

 

 

 

 

Elemento de 

historia 

(Estética del 

videojuego) 

Componente Dentro de este elemento se puede 

incluir cualquiera de los 5 

elementos esenciales de una 

historia. 

 

 

 

Elemento de 

sonido 

(Estética del 

videojuego) 

Componente Dentro de este elemento se puede 

incluir cualquiera de los dos tipos 

de sonidos: Diegéticos o no 

diegéticos. 

  

 

Elemento 

visual (Estética 

del 

videojuego) 

Componente Dentro de este elemento se puede 

incluir cualquiera de los tipos de 

elementos visuales: Estilo gráfico, 

paleta de colores y representación 

dimensional. 

 

Asociación Conector Permite establecer relaciones 

entre componentes.  
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Ejemplo  

“Cero o muchas estéticas de un videojuego pueden ser restringidas por cero o muchas restricciones 

estéticas”. 

Tabla 5 – Reglas de correspondencia – Punto de vista de estética  

Elemento 1 Elemento 2 Relación Cardinalidad 

Estética del videojuego Restricción estética Es restringido por Cero a muchos (0…*) 

Formas de diversión Estética del videojuego Da apoyo a Muchos a Muchos 

(*…*) 

Diseñador de 

videojuegos 

Formas de diversión Escoge Muchos a Muchos 

(*…*) 

Paciente (Jugador) Formas de diversión Es afectado por Uno a Muchos (1…*) 

Restricción médica Restricción estética Da origen a Uno a Muchos (1…*) 

Médico Restricción médica Define Muchos a Muchos 

(1…*) 

Médico Paciente (Jugador) Evalúa Muchos a Muchos 

(*…*) 

 

 

Punto de vista de dinámicas del videojuego 
 

El punto de vista de dinámicas representa como la experiencia de diversión tiene su base en diferentes 

dinámicas de un juego. También se muestra como los componentes serios del videojuego interactúan 

para establecer una jugabilidad a través de las dinámicas del videojuego. Este punto de vista tiene los 

siguientes propósitos:  

- Establecer las relaciones entre el programa de rehabilitación física y las dinámicas del juego serio. 

- Mostrar como el juego puede monitorear el rendimiento del jugador mediante el almacenamiento 

de métricas específicas a través de un sistema de puntaje. 

- Establecer como las dinámicas del videojuego implementan los niveles del mismo que 

representaran cada una de las diferentes actividades de rehabilitación. 

- Mostrar como las dinámicas son limitadas por diferentes reglas del juego. 
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Metamodelo del punto de vista de dinámicas 

 

El Metamodelo de esta sección representa como los objetivos de rehabilitación y su correspondiente 

programa de rehabilitación física se relacionan con el aspecto dinámico del videojuego y las reglas del 

mismo. Adicionalmente se muestra como un sistema de puntuación se relaciona con otros 

componentes con el objetivo de mostrar información concerniente al rendimiento del paciente 

(jugador) dentro del juego serio.  

En este punto de vista, el fisioterapeuta, quien es capaz de formular un programa de rehabilitación 

física [17], será el encargado de la creación de este documento. La terapia de rehabilitación física 

consiste en múltiples actividades o ejercicios [18] que serán implementados de tal forma que cuando 

un jugador finalice dicha actividad también cumpla un objetivo de rehabilitación. 

Los objetivos de rehabilitación dependerán el tipo de terapia que se trate de implementar con el juego 

serio. Estas actividades serán implementadas como niveles o escenarios. Un nivel, escenario o mapa 

dentro del contexto de un videojuego es el espacio total disponible para un jugador durante el curso 

de completar un objetivo discreto [19]. Adicionalmente, un nivel puede tener una dificultad específica 

que irá incrementando progresivamente durante el transcurso del juego con el objetivo de ir retando 

a las habilidades que irá ganando el paciente (jugador) [20] .  

Un videojuego es un sistema dinámico, una máquina de estados, que cambia a través del tiempo 

dependiendo de las entradas brindadas por el jugador o del código del mismo [21]. Este sistema 

dinámico puede ser expresado a través de varias dinámicas definidas por el diseñador de tal forma 

que permitan cambiar el estado del sistema. Sin embargo, todas las actividades que el jugador tiene la 

capacidad de hacer con el objetivo de “darle vida al juego” deben ser limitadas por reglas [5].  

Basado en las definiciones planteadas anteriormente se puede decir que las dinámicas son las 

diferentes acciones que el jugador puede hacer para alcanzar un objetivo un nivel o escenario del 

videojuego. Por estas razones, en este punto de vista se expresa la idea de que un nivel es 

implementado a través de diferentes dinámicas. 

El rendimiento del jugador es expresado a través de la cuantificación de diferentes métricas definidas 

para cada una de las dinámicas del videojuego. Estas métricas serán presentadas al jugador a través 

de un sistema de puntajes. Mediante estos resultados un médico podría determinar acciones 

correctivas en caso de que los objetivos de rehabilitación no se estén cumpliendo de manera adecuada. 



 

 cmp Dynamics View

Sistema de puntaje

Métrica

Programa de 

rehabilitación física

Dinámica del 

v ideojuego

Fisioterapista
Paciente

Diseñador de 

v ideojuegos

Objetiv o de 

rehabilitación

Niv el del Juego 

(Escenario)

Niv el de dificultad Reglas del 

v ideojuego

Activ idad terapeútica

+Supervisa

1..*

+Es supervisado

por
1..*

+Contiene

1

+Es parte

de
1..*

+Diseña 1..*

+Es diseñado

por
1..*

+Tiene 1..*

+Es parte

de

1

+Persigue

un
1

+Es alcanzado

a través de

1..*

+Ejecuta 1

+Es realizada

por

1..*

+Recibe

información

de

1

+Muestra

información a
1..*

+Crea 1..*

+Es creado por 1..*

+Muestra 1

+Se muestran a

través de

1..*

+Es evaluada

por
1

+Representa el rendimiento

en

1..*

+Limita 1

+Es

limitado

por

1..*



Lenguaje de descripción de arquitectura – Punto de vista de dinámicas 

 

A continuación [Tabla 6], se presenta un detalle de todos los elementos gráficos que pueden ser 

utilizados para modelar los componentes del punto de vista de dinámicas del videojuego serio. Este 

lenguaje debe seguir las reglas de correspondencia entre elementos descritas en el meta-modelo de 

este punto de vista. 

Tabla 6 – Lenguaje de descripción de arquitectura – Punto de vista de dinámicas 

 

Símbolo Nombre Tipo Descripción 

 

Actor (General) Componente Este componente representa a 

cualquiera de los interesados 

implicados en este punto de vista 

(Médico, Diseñador de 

Videojuegos) 

 

 

 

Programa de 

terapia de 

rehabilitación 

física 

Componente Debe estar identificado por un 

nombre y una pequeña 

descripción o una referencia al 

documento completo 

 

 

 

Actividad de 

terapia 

Componente Debe incluir un nombre y una 

descripción de la actividad 

 

Objetivo de 

rehabilitación 

Componente Descripción del objetivo a 

alcanzar. 
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Nivel del juego  Componente Este componente debe incluir un 

nombre, su respectivo nivel de 

dificultad y los objetivos a 

alcanzarse para superarlo. 

 

 

 

 

Dinámica del 

juego 

Componente Este componente debe incluir una 

descripción de la dinámica y un 

identificador o nombre para la 

misma. 

 

 

Métrica Componente Este componente debe incluir un 

nombre y una descripción de la 

métrica. 

 

 

Sistema de 

puntaje 

Componente El componente debe incluir un 

nombre y una descripción donde 

se indique el formato y la cantidad 

de métricas que se mostrarán 

usando este sistema. 
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Reglas de correspondencia 

 

Las siguientes reglas de correspondencia [Tabla 7] siguen la misma nomenclatura expresada en el 

punto de vista de estética. 

Tabla 5 – Reglas de correspondencia – Punto de vista de dinámicas  

Componente 1 Componente 2 Relación Cardinalidad 

Fisioterapeuta Programa de terapia 

de rehabilitación física. 

Crea Muchos a Muchos 

(*…*) 

Programa de terapia 

de rehabilitación física 

Actividad de terapia Contiene Uno a Muchos (1…*) 

Actividad de terapia Objetivo de 

rehabilitación 

Persigue un Uno a Muchos (1…*) 

Paciente (Jugador) Actividad de terapia Ejecuta Uno a Muchos (1…*) 

 

 

 

Regla de juego Componente Este componente debe incluir un 

nombre y la descripción de la 

regla. 

 

Asociación Componente Tiene el mismo uso que su 

contraparte de UML. Permite 

establecer relaciones entre 

diferentes componentes. 

 

Realización Conector Permite establecer una relación de 

implementación. El componente 

que se encuentra al final de la 

flecha implementa al componente 

de donde parte la misma. 
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Actividad de terapia Nivel del juego Es implementado a 

través de  

Uno a Muchos (1…*) 

Nivel de dificultad Nivel del juego Es parte de Uno a Muchos (1…*) 

Médico Paciente(jugador) Evalúa Uno a Muchos (*…*) 

Nivel del juego Dinámica del juego Es implementado a 

través de 

Muchos a Muchos 

(*…*) 

Dinámica del juego Regla Es restringido por Uno a Muchos (*…*) 

Dinámica del juego Métrica Es evaluado por Uno a Muchos (1…*) 

Sistema de puntaje Métrica Muestra información 

de  

Uno a Muchos (1…*) 

Paciente (Jugador) Sistema de puntaje Obtiene información 

de 

Uno a Muchos (1…*) 

Fisioterapeuta Paciente Supervisa Muchos a Muchos 

(1…*) 

 

 

Punto de vista de mecánicas del videojuego 
 

Este punto de vista muestra como las dinámicas del juego son implementadas a partir de diferentes 

acciones individuales que el jugador tiene permitido realizar dentro del contexto del juego. Estas 

acciones son ejecutadas como resultado de una acción física externa a través de un dispositivo de 

entrada.  Dada la naturaleza de un juego serio orientado a la rehabilitación física es importante 

establecer un mecanismo de entrada apropiado para dar soporte al proceso de terapia. Este punto de 

vista tiene los siguientes propósitos: 

- Mostrar como las mecánicas del juego son activadas por diferentes dispositivos de entrada. 

- Establecer una restricción con respecto al dispositivo de entrada con el objetivo de establecer un 

mecanismo apropiado que de soporte al programa de rehabilitación. 

 

Metamodelo del punto de vista de mecánicas 

 

El siguiente Metamodelo muestra la relación de los componentes que definen las mecánicas del juego. 

Es importante recalcar que las mecánicas no son iguales a las reglas del juego (definidas en el punto 

de vista de dinámicas). Una mecánica es un comportamiento que ocurre dentro del juego e incluye 
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procesos y datos que generan jugabilidad [22] La diferencia principal entre una mecánica y una regla 

de juego es que no pueden existir mecánicas sin reglas, estos es, las mecánicas son una forma de guiar 

al jugador hacia un comportamiento particular restringiendo estas acciones mediante un conjunto de 

reglas que reducen las posibles elecciones que puede tomar un jugador para alcanzar un objetivo [23].  

En el caso de los mecanismos de entrada, se debe considerar aquellos que impliquen movimiento 

significativo para el jugador, de tal forma que se puedan ejecutar sus actividades de terapia. En este 

punto de vista se presenta una lista [Tabla 8] de diferentes métodos de entrada apropiados para juegos 

que impliquen actividad física basados en una investigación previa [24].  

Cada método de entrada debe ser implementado de acuerdo a la plataforma en donde se va a ejecutar 

el juego. Cada plataforma posee diferentes mecanismos de implementación que no entran dentro del 

ámbito de este marco de trabajo 

Tabla 8 – Métodos de entrada  

Método de 

entrada 

Decripción 

Gestos Un gesto es un movimiento de las extremidades, cabeza o cuerpo dentro de un 

patrón definido. La localización y orientación del cuerpo es irrelevante para un 

gesto, pero la sincronización es importante. 

Postura Una postura captura la posición física del jugador en un instante de tiempo. 

Una postura no es una acción, más bien describe la colocación del cuerpo, 

manos y extremidades del jugador.  

Apuntar Apuntar requieren que los jugadores pongan atención directa un objeto de la 

pantalla. Los jugadores pueden apuntar usando su dedo, mano o un dispositivo 

especial. 

Potencia Representa la energía física usada por el jugador. Implica mover un avatar en 

la pantalla a través de una actividad física continua capturado sobre un periodo 

de tiempo.  

Control continuo El control continuo implica aplicar el movimiento específico de una parte del 

cuerpo a través de un dispositivo de captura que puede detectar movimiento 

tanto en dos como en tres dimensiones. 

Tap Una entrada tipo tap requiere que el jugador toque un objeto o localización en 

el mundo real. Esta acción se captura al contacto.  

 



 cmp Mechanics View

Mecánica del juego

Restricción de 
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Diseñador de 
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Lenguaje de Descripción de Arquitectura – Punto de vista de mecánicas 

 

A continuación [Tabla 9], se presenta un detalle de todos los elementos gráficos que pueden ser 

utilizados para modelar los componentes del punto de vista de mecánicas del videojuego serio. Este 

lenguaje debe seguir las reglas de correspondencia entre elementos descritas en el meta-modelo de 

este punto de vista. 

Tabla 9 – Lenguaje de descripción de arquitectura – Punto de vista de mecánicas  

Símbolo Nombre Tipo Descripción 

 

Actor  Componente Este componente sirve para 

representar a cualquiera de los 

interesados involucrados en este 

punto de vista. 

 

 

 

Mecánica del 

juego 

Componente Nombre de la mecánica (Por lo 

general se expresan como verbos 

en infinitivo) 

 

 

Plataforma de 

juego 

Componente Se debe incluir el nombre de la 

plataforma. 

 

 

 

Método de 

entrada 

Componente En este componente se debe 

incluir el nombre del componente, 

el tipo y  cualquier descripción útil 

para su implementación. 
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Reglas de correspondencia  

 

Las siguientes reglas de correspondencia [Tabla 11] siguen la misma nomenclatura expresada en los 

anteriores puntos de vista. 

Tabla 11 – Reglas de correspondencia – Punto de vista de mecánicas  

Componente 1 Componente 2 Relación Cardinalidad 

Diseñador de 

videojuegos 

Mecánica del 

videojuego 

Define Muchos a Muchos 

(*…*) 

 

 

Discapacidad 

física 

Componente En este componente se debe 

incluir un nombre para la 

discapacidad motora. De igual 

forma se debe incluir una 

descripción o la referencia a un 

documento donde se encuentre 

detallada y documentada. 

 

 

 

Restricción Componente En este punto de vista este 

componente es usado para 

representar las restricciones de 

entrada. 

 

 
Asociación Conector Permite establecer relaciones 

entre componentes  

 

Realización Conector Permite establecer una relación de 

implementación. El componente 

que se encuentra al final de la 

flecha implementa al componente 

de donde parte la misma. 
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Restricción de entrada Método de entrada Restringe Uno a Muchos (1…*) 

Mecánica del 

videojuego 

Método de entrada Es ejecutada por Uno a Muchos (1…*) 

Plataforma de 

videojuegos 

Método de entrada Implementa Uno a Muchos (1…*) 

Paciente Plataforma de 

videojuegos 

Usa Uno a Muchos (1…*) 

Discapacidad física Paciente(Jugador) Afecta Muchos a Muchos 

(*…*) 

Medico Discapacidad física Diagnostica Muchos a Muchos 

(*…*) 

Discapacidad física Restricción de entrada Da lugar a Uno a Muchos (*…*) 
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