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In this article, we propose a new model for the learning games design, which
aims to enrich and solve the problems of existing models. From the work
carried out around the models of educational games, we carefully identify a
series of steps to follow, taking into account the simplicity, ease of
adaptation and the integration of several factors interest such as the
integration of a set sub-models treated pedagogically define the pedagogical
side in the game, also the distribution of the intervening necessary for each of
the stages to ensure better collaboration between them, for the purpose to
helping the creators to trace their path from the start of the creation, in order
to achieve the best example of games with an adequate oscillation
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1. INTRODUCTION

In our daily life, humans use games most of the time as a medium for entertainment and leisure.
During the last decade, a new attempt called "serious games" has been put in place to take advantage of the
use of video game principles and technologies, for applications which are not strictly gaming in nature [1].
This birth of serious games has strongly shown its presence in several fields of application, which requires
classification, by several authors, according to the targeted sector (health, defense, and education) [2], [3] and
also according to the type of message to be transmitted (educational, informative...) [4], [5]. In this sense,
several researchers have decided to discard the term serious game to specify the object of the game [6]-[9].
For example, Marfisi-Schottman [10] proposed the term Learning Game for serious games that are used in a
purely educational context, or as part of training at all levels. This classification requires the identification
and specification of design models according to the target sector. This will allow creators to meet the needs
and standards demanded by each type of serious games (dedicated for each sector) [11].

In this article, we are interested in learning games (LG), that is, games dedicated to the educational
sector. Recently, several surveys [4], [5], [12], [13] have shown the great usefulness of serious games in this
sector, this attempt at learning games aims to enrich traditional teaching methods to acquire complex skills in
higher education. Despite the effectiveness and good reputation of educational games, several factors limit
the spread of this tool in the educational system of several universities. This is mainly due to the high cost of
the design, and also to the difficulty that designers consider in the absence of clear and easy to adapt tools
[14]. The problem is therefore to define models dedicated to the creation of learning games with the
following objectives:
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— Guarantee a more adequate level of simplicity and ease of adaptation.
— Allows the teacher to fully play his role in the teaching process based on serious games.
— Distribute tasks for Intervening to ensure better collaboration between them.

In order to meet the objectives defined above, we have found that it is very interesting to propose a
model, for the creation of learning games, which takes into account the limitations studied. The main
objective of this model is to ensure that designers develop their ideas in a way that is simple, clear and that
does not require computer skills to apply it, moreover that the model is applicable for any 'she idea of a
game. Each step of this model is presented by its necessary intervening to ensure better collaboration and
distribution of tasks. The main actor in education systems (the teacher) is responsible for taking action and
defining his own content to be transmitted from the start of the creative process, and to follow it in most
stages. In the next, we placed a set of sub-models (S-M) to pedagogically study the content of the game, and
to draw the interesting factors (domain, motivation and scenario) to guarantee a better pedagogical-play
adaptation in the next stage of the game interpretation.

In the rest of this introduction, we present the related works of some of the most popular models in
the field of creating the learning games and serious games in general. The second part is reserved for the
description of the proposed model, then we will detail each of the stages constituting our model.
A comparative study between the proposed model compared to existing models is presented in the third part.

To respond to the problem of designing serious games and more specifically learning games, several
authors have proposed models and methods that are often generic and more rarely have been proposed for a
targeted type of game [15]. Paquette et al. [16] proposed an engineering method for interactive learning
environment (MISA) which consists of six main phases: Definition of project, preliminary analysis,
development of the training architecture, design of the educational material (texts and exercises),
development and validation of the educational material and preparation for the implementation of the
training. For each phase, they specified documents to prepare. This methodology was born from the great
experience of TELUQ University (University of distance education affiliated to the University of QUBEC),
for distance training for many years [17]. Despite its robustness and originality, this method has shown its
weakness in terms of adaptation, architecture, number of phases and documentation required for each step
[18].

Marfisi-Schottman et al. [19] designed an educational method called "case method™ dedicated to the
creation of learning games. It is based on the problem-based approach that has been used for several years as
a teaching method in the Harvard business school [20]. The application of this method is very simple and
valid in many areas, because it allows learners to put themselves in front of a problem situation to help them
make the right decision. Despite its usefulness and ease of adaptation, this approach is limited because it is
valid just for possible problem areas or situations. Mathieu et al. [21] published a new model for the creation
of learning games called DISC, which is based on four phases: domain model, interaction, scenario and
context of use. The novelty of this model is the integration of the teacher in the process of creating the
learning games. The weak part of this model is the use of hierarchies for each stage which makes its
application slow and complicated.

Nadolski et al. [22] studied an EMERGO methodology for the creation of learning games of survey
type for higher education, this method consists of five phases: Define (analysis and description of the case
through a set of questions), scenario (conception of the overall scenario of the game from all sides),
development (creation and development of the game), implementation (testing the relevance of the game by
the student and the teacher) and evaluation (verification of the validation of the requirements defined
initially). The EMERGO methodology remains limited by its adaptation except for the investigation games.
This reduces its diffusion in the market for the creation of serious games. Furthermore, the iteration cycle
proposed in this model is very slow, this will handicap the users of this model.

McMahon, [23] has defined a model for the creation of serious games called DODDLE inspired by
the generic model ADDIE [24]. This model is articulated on four phases: Preliminary analysis (describe,
define the methodology and the desirable objectives of the game), general design (creation of the concept and
the choice of the type of the game), documentation for the design (present the detailed scenario of the game
taking into account interfaces and interactions), and documentation for development (dealing with game
mechanisms and variables). Despite its simplicity, this McMahon model remains very generic and proposed
for novices in the field of serious game design. Because, this model requires the presence of several factors
that the intervention of the teacher, evaluation part, distribution of tasks to the collaborators ..., so that it is in
the standards.

The company KTM Advance has treated a model for the design of serious games [25] which is
composed of five phases: needs analysis (definition and identification of: educational content, technical and
educational characteristics of the game), game design (proposal details of the game: Scenario, game play,
interaction, ...), development of the prototype (testing the relevance of the objectives initially targeted by a
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prototype), iterative and final delivery (development of the game according to an iterative process to make
requested modifications, in order to reach the final version, verifying the objectives traced from the start).
Despite KTM Advance coming from E-learning, we notice the absence of the teacher's touch during the
whole creation process. In addition, the structuring of the phases is close to that of the video games.

2. PROPOSED MODEL
In this section, we present the general framework of our proposed idea to solve identified problems,
in order to detail each of the stages constituting our model.

2.1. General framework

Following a study of several models and methodologies for the creation of serious games, we
noticed that most of them proposed for a utility in all the sectors of serious games. Furthermore, several
surveys [13], [26] have shown the great usefulness of serious games in the field of education compared to
other sectors through the two main elements: learning and motivation. Due to this hypothesis, we decided to
enrich the existing models with a new dedicated tool specifically to help the creators of learning games to
achieve their objectives in a very simple and effective way. Our proposed model is called IMIE
(identification, modeling, implementation and evaluation). The objective is to create educational games of
any type (investigation, adventure game, ...) in educational standards by planning and analyzing the
objectives of a targeted sampling of learners. Then, the novelty of our proposal is the definition of a set of
necessary sub-models (S-M) (domain, motivation and scenario) to allow creators to choose their tools to use
to achieve the desired objectives. Furthermore, in our proposed idea, we ensured the integration of simplified,
clear steps, which do not require a lot of skills to adapt them. As well, to avoid the collaboration problem that
can be found in certain models, we have tried to distribute the tasks among the Intervening whose roles are
defined below.

2.1.1. Teacher

The teacher is the main actor in the process of creating the learning games. He must define, in terms
of skills, prerequisites, content and objectives of the various pedagogical activities. Also, he must take into
account the context of the game to modify, and possibly adjust the description of the educational content to
be transmitted. Similarly, he must collaborate on the one hand, with the pedagogue who masters the existing
and conceivable educational functionalities of the game during the formalization of the all S-M. On the other
hand, it must collaborate with the creator of the game who is designated for identify the idea of the game
adapted to the type of learning desirable to transmit. It also monitors learners to judge the effectiveness of the
game and measure its effect on them.

2.1.2. Pedagogue

He is the actor-orchestra of educational and playful modeling. He intervenes throughout the game
creation cycle. He is able to discuss, with the teacher and the creator developer of the components, in the
proposal idea of the game before applying the S-M proposed by the designer. He may also participate in the
use of the S-M in terms of content and pedagogic. Based on the idea defined, he can support the game creator
in the implementation stage to ensure an adequate educational and playful adaptation. As well, he can also
communicate with the tutor to make modifications in the event of a problem in the game evaluation stage.

2.1.3. Game creator

He’s the video-game modeling artist. He is involved in the two stages of the game design cycle:
identification and implementation. In the identification phase, he can collaborate his game idea with the
teacher and the pedagogue to choose either to use already existing game frames or to propose a new idea,
whose general objective is compatible with the educational content on the one hand, and with the educational
scenario on the other. In the implementation phase, He plays the most dominant role in ensuring better game
play scripting, choosing the best playful interfaces adapted with the educational content to allow the learner
to navigate the game with very high motivation.

2.1.4. Learner

He is the main beneficiary of learning games. He uses this type of game to acquire new skills, apply
concepts acquired in the course, reinforce knowledge, and in addition he can repeat a game session several
times to better adapt the most complicated parts of the course. From a more technical point of view, he
wishes that the learning game should be a mobile support and downloadable on different operating systems to
offer him the possibility of playing with any device (computers and smart -phones) and at any time. He also
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wants to be provided the adequate tools with high motivation. In Table 1, we have presented the intervention
parts for each actor during the game creation cycle based on our IMIE model.

Table 1. Intervention of the actors in the creation of a game at base of our IMIE model

Intervening Identification Modeling  Implementation  Evaluation
Teacher X X - X
Pedagogue X X X -
Game creator X X - -
Learner - — - X

In order to detail the role of each actor involved in our model, Figure 1 presents the general
architecture of our proposed IMIE model for the creation of learning games. We have expressed each phase
according to his role, the Intervening, also the transition, composition and iteration links connect the stages
together.

Iteration
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Figure 1. IMIE model for Learning Games creation in educational standards

2.2. Phases of IMIE model
This part is devoted to explain the four phases constituting our proposed model. We will detail the
role of each step in the process of creating a learning game by IMIE.

2.2.1. Identification

In the serious game creation cycle, identifying the game idea is the first step in most creation
models, in which each designer must define all of the desirable goals. For our model, identification is based
on two main functions: Planning and analysis. Firstly, the planning phase is reserved to define the desirable
objective through which the idea of the game must be expressed, the strong point of our model for this stage
is the identification of the collaborators necessary to intervene. The teacher in collaboration with the
pedagogue and game creator must discuss successively the educational content (the learning objectives, the
educational objectives and the necessary prerequisites) to be transmitted, the context of the game and the
educational tools to be used. On the other hand, the collaborators need to analyze the characteristics of the
targeted learners (the strong and weak points), the environment in which this game should be used, and also
its usefulness in the education system.

2.2.2. Modeling

This phase consists of shaping the learning system, the pedagogue in collaboration with the teacher
applying the set of sub-models to the proposed content, to derive the domain, motivation and scenario
factors, including the objectives is to ensure better pedagogical-play collaboration in the following phase.
The Figure 2 explains the constituent elements of the set of sub-models that we have proposed to study the
chosen educational content.
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Figure 2. Sub-models concerning the IMIE model

a.  Domain sub-model

This is the element that presents the idea of the game in a detailed and structured way [28]. The
teacher must present the content to be transmitted through the game with ideas and skills in the form of a
graph. The latter is made up of prerequisites to be used to acquire new skills. Furthermore, the representation
of the domain sub-model is based on pre-requisite and composition links which link skills together. The main
objective is to describe the proposed idea, in terms of skills linked to each other, and to use this model in the
3rd step of our model (implementation).
b.  Motivation sub-model

In the field of creating serious games, we have noticed in most models that the majority of designers
have overlooked the importance of motivators in their creation processes. This factor is the most important
element that makes the difference between serious games and other types of distance learning. From there,
we insisted on its presence in the S-M of our model, to help creators trace their motivational path from the
start, in order to create in learners a kind of very interesting motivation. To integrate the motivation factor,
we studied several models such as: Maslow [28], Bandura [29], Deci and Ryan [30], Keller [31]. The
difference between these authors is the vision by which they defined this motivation model. In our case, we
found on the Keller model (ARCS model) which is characterized by its clarity, ease of integration and
adaptation. In addition, this model, which depends on four very interesting factors defines the motivational
state in a global manner and in all aspects. In Table 2, we also presented the role of each factor of the ARCS
motivation model.

Table 2. Elements of the ARCS motivation sub-model

Factors Role
Attention Encourage the learner to broaden his knowledge by providing an initial stimulus
Relevance  Connect with the learner by making connections between various past, present and future activities
Confidence Encourage the learner to reflect on recent experience
Satisfaction Let the learner use the newly acquired knowledge whenever necessary.

c.  Scenario sub-model

Following the definition of the domain and motivation model, the last element in all of the sub-
models is to script the idea of the game. In the literature for scripting a serious game, there are several models
and tools: WEEV [32], ScenLRPG [33], Legadee [10]. Through the study of several tools dedicated to this
task, we aimed to integrate the MoPPlig model [34] as a tool that will help creators to trace their course in the
form of pathways that allow them to represent their pedagogical aspects and even the playful aspect. The
strong point of this tool is the possibility of presenting several scenario architectures (linear, non-linear, ...) in
a simple, understandable and usable way even for non-professionals (teachers).

2.2.3. Implementation

This is the third step of our model which is reserved squarely for the design of the elements
constituting the game. Following the interpretation of the sub-models proposed in the previous step, the
pedagogue must present all the sub-models to the creator of the game. The latter must study its elements to
find the components and the media scenario necessary and most suited to the educational context proposed.
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In this stage, the two collaborators (the game creator and the teacher) must work in parallel to design a tool
that combines the two pedagogical and playful aspects in an adequate manner. Most of the work during this
stage depends on the game creator. The latter intervenes to assemble and implement the fun elements through
two possible situations: the first is to propose a new scenario adapted with the pedagogical objectives
outlined. The second possibility is to use a framework game that is to exploit the scenario and the interfaces
of a game of origin playful after having integrated the pedagogical content in parallel. Except that the second
proposal must influence the motivation of learners/players who have already used this scenario with video
games. This is why the presence of the pedagogue is necessary to find the best solutions that will help to
realize a game with a very interesting motivation for achieve the objectives traced.

2.2.4. Evaluation

During the use of the created game, this phase involves evaluating the game in order to post a
judgment on its quality and effectiveness. The teacher must test the game on a sample of learners to predict
its use in different learning situations, in order to cite the possible improvements to be made to the game,
either at the level of the educational aspect defined at the start through the consideration: the choice of
content, the distribution of levels,... (Iteration to the all sub-models proposed in the modeling phase by a
teacher-pedagogue intervention), or at the level of the playful side resulting from video games, while the
game creator is requested to improve the all media elements to ensure a higher motivation rate (iteration to
the implementation phase).

3. DISCUSSION

To validate the idea of our IMIE model, we have designed to do a comparative study between our
approach and a set of the most relevant and referenced models in the field of serious games creation and
learning games. The set of models chosen for this study consists of: the MISA model [16] which is among
the first engineering methods for a learning system, and which is considered to be a reference approach for
most of the methods and models for creating serious games. The EMERGO methodology [22] which is more
used in the development of serious games for higher education. Finally, the new DISC model [21] which is
dedicated specifically for the design of learning games. The framework for our discussion revolves around
four points that are most interesting for each model designed for creating learning games. The first point is
the definition of the necessary documentations that define each model. The second is the intervention of the
main actor of education systems (the teacher) and his role throughout the creation process. The third point is
the distribution of the necessary intervening for each of the stages. The fourth point is the iteration possibility
offered by each model, which offers us the possibility of reengineering in case of not meeting the needs
expected by the game created. The Table 3 summarizes the comparative study carried out according to the
four points presented above, and which are the most critical in the process of creating learning games.

Table 3. Comparative study of the IMIE model with the models from the above literature

Model Documentations Teacher role Distribution of intervening Iteration cycle

MISA Documents - - -

DISC - In most stages  Intervention: Teacher/Pedagogue Interesting
EMERGO Questionnaire - - Very long

IMIE Set of sub-models  In most stages Intervener required for each step Interesting

The first criterion of our comparison is the study of the necessary documentation proposed to apply
each of his models (MISA, DISC and EMERGO). For example, Paquette et al. [16] of the MISA model have
specified documentation to prepare (graphs, tables, diagrams or texts) for each activity, which influences the
adaptation of this model. On the other hand, the authors of the EMERGO model [22] chose to work on
questionnaires to take into consideration the opinions of consumers and users. The assembly of opinions and
statistical calculations take considerable processing time, which will also negatively influence the duration of
the model application. For our IMIE model, we took into consideration the interest of this point, and his
absence in the majority of the design models of the domain (DISC model), this pushed us to integrate the all
sub-models (of domain, motivation and scenario) treated pedagogically. The sub-models are very powerful
for the creation process, their interest is to allow the creators to trace their paths to follow from the start of the
process before his implementation in the design phase.

The second criterion that we have taken into consideration in this comparative study is the
integration of the teacher in the creative process taking into account his important role of reacting in most
phases of design. For example, if we talk about the MISA model, we notice the complete absence of teacher
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intervention in the entire process, so the use of this model to create an learning game remains very
complicated because, of these various features in the field, starting with the definition of the content to be
transmitted until the sampling precision of the learners/players targeted. The same for the EMERGO model,
the authors thought of dedicating this model to the creation of learning games, but they did not integrate the
main actor of the education system (the teacher). On the other hand, in the DISC model, the authors took into
account the teacher's interest in the creation process through his presence almost in all the stages, due to his
weight and his importance by his major responsibility, for integrate play into the education system. For our
IMIE model, we designed to present the teacher in the different situations from the start, and almost in all
stages. Furthermore, we have specified his intervention in each of the stages according to his responsibilities
(See paragraph 2.1.1).

The 3rd criterion focuses on the distribution of intervening during the creation process. It facilitates
collaboration during the creation process. Furthermore, it makes it possible to identify the tasks to be
performed by each intervening in order to avoid the problem of confusion that causes creators during the
creation process. For example, the authors of the MISA and EMERGO models neglected the importance of
this criterion, which is noticed during their creation process, which will create problems during the
distribution of tasks. Similarly, the authors of the DISC model have taken this point into account, which
directly influences the creation cycle of this model, the only remark is that the authors have neglected,
respectively, the importance of setting up the creator of the game, and the integration of the main beneficiary
of educational games. For the case of our IMIE model, we have overcome the problems linked to the models
mentioned above (MISA, EMERGO and DISC) by integrating the necessary intervening (learner, teacher,
pedagogue and creator of the game) in each step, in order to ensure better collaboration between them, and
accelerate the pace of game creation.

The final criterion of our discussion is the presentation of the iteration cycle in the process of
creating a serious game. The benefit of this iteration cycle is that it gives creators the flexibility to adjust and
modify in-game content if they are not satisfied, until a more efficient and better version of the game is
achieved. We notice that this iteration possibility is totally absent in the MISA model, this limits its use by
some creators. On the other hand, the authors of the DISC and EMERGO models took this criterion into
consideration. For example, in the DISC model the iteration cycle is well presented, it allows the creators,
each time, to go back to the previous phase to make changes. For EMERGO, the authors took into account to
integrate the possibility of iteration in their courses. Despite the advantage of this option, they proposed a
very long cycle (iteration towards the first step of the process), this will create problems for users of this
model. For the case of our proposed model, we presented the iteration cycle in a way that is very suitable for
our objectives. If they are not satisfactory, the creators have the option of either returning to the modeling
stage to verify the effectiveness of the defined Sub-Models, or to the implementation stage to reconsider the
media aspect of the game, until to have obtained the desired game version.

4.  CONCLUSION AND PERSPECTIVES

To help the creators of educational games, we have presented in this work, a new model called IMIE
dedicated mainly to the creation of this type of games. The novelty in this work is the integration of the sub-
models which will allow us to pedagogically treat the chosen content, to draw the domain, motivation and
scenario factors, in order to assemble them with the media elements in the phase of implementation.
Likewise, we took into consideration the integration of the intervening necessary for each of the phases,
starting with the teacher who is considered to be a main actor in this type of educational games. This aims to
increase the rate of use the serious games in the education system, as part of the renewal of classical teaching
methods.

In order to apply the IMIE model proposed in this article, we will consider using it for the creation
of a learning games. The general idea is based on the creation of a game for learning a programming
language, the objective of which is to enrich the classic teaching aids: Courses, tutorials and practical work,
by a new tool which is characterized by his interesting motivational side. The setting of the game should be
chosen on the basis of a questionnaire asked of the targeted learners to meet their needs. The educational
content must be selected by the teacher according to the difficulties that cause the learners during the
educational operation of learning this programming language, to ensure better educational-fun adaptability.
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