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The pervasive games (PG) have had a great reception in recent years. This kind of games com- bines the
virtual world with the real world to generate extensions of reality in terms of time, space and social
interaction. These extensions have involved users in experiences as varied as those exposed by
augmented reality and the location of the player or mixed reality scenarios. In the educational context,
games have been integrated little by little into learning processes. Specifically, PG have shown to
have a higher level of immersion in people's daily activities. Therefore, a greater impact is generated
when integrating the technologies of the PG and the narrative of a story that is told through the gaming
experience. In order to explore some fields, we focus the study on the narrative and geolocation applied to
close spaces, it is a way of giving an enriched experience to the player through a digital transformation
perspective. For this reason, it is necessary to have a platform that allows the creation and edition
of PG based on narrative to increase the motivation of higher education students. This article describes
the creation of a platform that integrates tools for creating stories and editing narrative content in the game
experiences. The main objective is focused on increasing the motivation of students in educational
processes. Specifically, the platform allows the creation of pervasive gaming ex- periences in closed
spaces on university campuses. In addition, the results of a test case developed with the platform and its
validation through statistical tools and gameplay metrics are exposed, thus demonstrating the increase in
students' motivation through the use of PG.

1. Introduction

PG have had a growing popularity in recent years, a factor that has influenced this trend are the advances in the field of mobile technologies, their

overcrowding, wide access, cost reduction, and computational performance. All this has allowed to offer users new experiences that in previous times
were only in their imagination. At present, powerful mobile platforms allow users to be aware of their context, have multiple media and interact with
their environment (Viana et al., 2014). This has allowed to break the limits of the game world, and a mixture between the physical world and the
virtual world has been presented. A definition of pervasive play has
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been presented by Arango-Lopez et al. (2018), which focuses on the enrichment of the experience for the player by expanding the boundaries of the
magic circle and the inclusion of the real world.

The development of this kind of experience has been enriched through the use of technologies such as detection sensors for the player’s location
and augmented reality. In this sense, the technologies support the tracking of scripts with an enriched game ex- perience for the users, which becomes
a common thread of the game story, which is in charge of transmitting the author’s intention and directing the interactions of the user for its use
(Lopez-arcos and Gutiérrez Vela, 2016). Performing the synergy among these areas of knowledge to obtain a pervasive experience is not a formal
and defined procedure. On the contrary, as in most scenarios where software is developed, it is a custom-made task. This is one of the main reasons
for the high cost of developing this kind of experience. From the industry and from the academy, there have been significant but not cohesive
efforts in terms of tools for developers and proposals for frameworks (Arango-Lopez et al., 2017).

From an educational perspective, this kind of support has been integrated little by little. Although, the games have been applied in its great
majority in early stages of education, and of course, they have not replaced traditional methodologies, on the contrary, games are a support
for them and provide added value to these methodologies. In the case of higher education, several challenges have been found in knowledge processes,
incorporation into university life and learning from different areas of knowledge. Thus, it is necessary to have gaming experiences that provide new
ways of performing the activities previously mentioned. This, with the main objective of increasing the motivation and feeling of immersion of
students in the learning processes.

The development of the CREANDO platform emerges as a first step to optimize the development of gaming experiences based on
pervasive narrative. Specifically, the tool allows the generation of experiences in closed spaces, since these are those found in higher education
institutions. This is achieved through the integration of free and open source tools that allow for a cohesive experience development environment
through a platform for creating and editing stories and support for the deployment of multiple media and interaction with the environment through
increased reality (IR), indoor location with Beacons, presentation of information using QR codes, video, HTML code, images, among others.
The CREANDO platform has been validated through a test case, supported by statistical tools prior to and following the use of the
experience by students. In addition, gameplay metrics have been applied in different aspects, which has allowed us to know the strengths and
point to strengthen in future work. The attributes of the gameplay have been evaluated and there is a relationship between the pervasive games
and the motivational attribute generated by the developed prototype.

2. Background
2.1. Game

Classical definitions of formal games such as the one presented by Huizinga (1944) in the first part of the 20th century, define the verb to play as
a free activity that is outside of ordinary life and also as an unserious action, but at the same time it absorbs player intensely and completely. This
was a definition according to the time, where games were created and played in the physical world making use of the properties of the real world as
the objects used and the spaces where they were developed (Magerkurth et al.,
2005). Given the advance of technology, this definition would be adapted in principle, from a completely virtual perspective to take advantage of
the overcrowding and decrease in the costs of computers. Then, the same phenomenon occurred in mobile devices where in less than a
decade, this technology, coupled with advances in wireless transmission, has evolved rapidly. Finally, at present, the means are provided for the
development of applications that break the boundaries between the physical world and the virtual world (Arango-16pez et al., 2017).

2.2. Pervasive games (PG)

PG are characterized by being played when and where the player wishes, taking into account the presence of some limitations of the same devices
as availability or not of connection to the Internet, or battery life of mobile devices. Despite these limitations and without distinction of the context
of application, its main objective is to attract and keep the player presenting an enriched game experience, which may or may not be used for learning,
recreation or relationship with their environment (Hinske et al., 2017).

In addition, it can be said that pervasive games are made up of components that work together and are the ones on which the narrative is based.
These components are the devices, the context, social interaction, time, spaces, realities and multiple media as proposed by Arango-l6pez et al.
(2017). The incorporation of the narrative in the PG becomes a fundamental part when the edu- cational process is taken into account at a higher
level, this is because the young people look for challenges and purposes that guide them through their daily activities. In this sense, the narrative is
considered as the succession of events with the potential to transmit events through the media, which unites the different components in a coherent
and satisfactory story for the user, which gives rise to a pervasive narrative (Stach and Schlindwein, 2012). The narrative is the main component that
allows the digital transformation in the education context from a pervasive game telling a story that content a knowledge in a different
way, unlike the traditional methods.

Taking into consideration previous studies and to provide clarity about the main components of the pervasive games, next it is presented the
fundamental elements of the PGs and their relationship (See Fig. 1). In that image, is possible to identify the expansions of PG (time, space and social
interaction), which can be achieved with the use of mobile devices in a specific context (in this case is applied in the educational context). Besides,
the different realities of the world and the crossmedia material are presented. The main component is the narrative, which joins the elements afore
mentioned.
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Fig. 1. Componentes principales de los Juegos Pervasivos.

2.3. Games in the education

Games can make the educational process more fun and enjoyable, and can motivate students to be more active in class (Tiiysiiz,
2009). This is possible thanks to the stories told, which can have real content, as they can also be totally virtual (Jantke and Hume,
2015), which arouses additional interest in students.

The Game-Based Learning (GBL) promises to present a new approach in university education, since with traditional methodol- ogies such as
reading and writing generate difficulty in the development of tasks and activities (Kuk et al., 2012). For this reason, the motivation level of the
students is reduced. Education is fundamental in the progress of society and consequently affects each of the individuals that compose it. Every day
we seek to improve the teaching and learning process in the different stages of education. In higher education, there are traditional methodologies
that are supported by computer equipment that allows integration with emerging technologies. But, the inclusion of gaming experiences in
teaching and learning processes at this level has not been in- corporated in a good way.

The motivation for learning expressed by students of higher education should be high to a great extent, this is because they are the areas of
knowledge that each student chose for their life. But, this is not completely true, since in many occasions the teaching methodologies are
boring for this population that lives every day with access to cutting-edge technologies. Thus, games emerge as a possibility to provide a better
learning experience and increase the level of motivation in students. This can be seen from the performance of children who enjoy performing
tasks through the use of games (Stach and Schlindwein, 2012). Thus, teachers can rely on games to introduce new teaching methods in their
classrooms. Specifically, when talking about PG, by using its special features they provide an enriched experience to the people who take the players
to have an immersion in the history of the game.

2.4. Narrative in the pervasive games

Technologies are the fundamental point of support for the user's immersion in the game experiences through stories defined in it. That is the
pillar on which the pervasive narrative is based. Nowadays, videogames transmit the story to the players as a multi sensorial experience
making use of the narrative.

The narrative turns players into the protagonists of the story (Padilla-Zea et al., 2014). Interactivity is the special feature acquired by the narrative
in games. Meadows (2002) explains the narrative as “a representation of characters and actions in which a reader can affect, choose or change the
plot.” According to this definition, depending on the actions of the player, a different path will be presented in which there must be a
formally defined history and an experience according to the user, which must be considered in the design and structure of the story by the creator
(Lépez-Arcos et al., (2016)).

The pervasive narrative can be represented by graphs, where the content is structured by nodes linked by links (Lopez-arcos and Gutiérrez Vela,
2016). The nodes represent the scenes to be presented throughout history. Given that the creation of a narrative is a highly abstract task, in our
work, we consider a representation model of the geolocalized narrative designed by Lopez-arcos and Gutiérrez Vela (2016). They define
the narrative model (See Fig.2) that allows creating stories to maintain the balance between author control and player freedom.

3. Related work

It is important to consider that previous efforts have been made to build digital tools that support the teaching—learning process. However, these
efforts have focused on primary and infant education. On the part of higher education, there are some examples of digital games that support
communication processes between teachers and students. But, in our case, we have not found a platform to create and maintain pervasive narrative-
based game experiences, let alone focus on increasing students’ motivation through the characteristics of this kind of games.

In the field of games applied to education, there are several examples. But for PGs, there has been a lower relation, this is due to the fact that
the necessary technology has been developed in recent years. Some of the academic papers with the best solution approaches to the
problems are explained below.

LAGARTO, created by Maia et al. (2017), who propose and develop a tool for the construction of games based on the location of the player with
support for augmented reality. This tool is composed of a web environment for the creation and management of games. In addition, an
application to track the position of players. The main objective of the tool is to provide a software solution that offers non-programmers the
possibility of designing, building and executing mobile games based on the location of a player or
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Fig. 2. Geolocalized narrative model for games.

multiple players through graphic notation. Also, consider with the possibility of ordering missions and game mechanics. The above generates a
flexible way to define multiple game flows. One of the differences with our proposal is that it does not have a way to monitor the execution of the
games. Additionally, compared to CREANDO, it does not define the proper characteristics for the edition of pervasive games focused on the narrative
that allows the players to follow a script and a story that gives them a better experience. Consequently, the immersion experienced by the player
is low level. On the other hand, there is no definition of indoor location either, since it has only been considered with GPS location in open
spaces.

Also, we found fAR-Play, developed by Gutierrez et al. (2011). They present the implementation of a framework for the creation of
alternate/augmented reality games for games guided by the treasure hunt metaphor. That is to say, the framework is focused on this kind of games
based on position, which is supported for outdoor location under GPS and for interiors in bar and QR codes. The framework is composed of four
main modules, one of them is a mobile application through which players interact with the game and a website where the state of the game is reflected.
Another of the modules is the game engine where the logic of the game remains and is maintained. In addition to a tool module for the support of
virtual worlds, for the mapping of the interactions between real and virtual world. In comparison with our proposal, the difference is found in the
definition of narrative for gaming experiences, since fAR-Play does not have a module that allows the definition of scripts and interactions
during the story, nor does it support the creation of PG with its characteristics of expansion.

Along this same line, we find WeQuest, presented by Macvean et al. (2011). This is a tool for the creation of augmented reality games based on
geolocation with user-generated content. The platform has been designed with the aim of increasing the accessibility of location-based augmented
reality games through three components. One of them is the game engine, which allows you to download and execute geolocated stories on
mobile devices. Another component is a tool for creating stories for the user. The final component is the localization translation that adapts the
stories to new areas different from those in which the story has been designed, making it possible for them to be played anywhere. In
comparison with CREANDO, like the other proposals, it does not have the definition of narrative within the core of pervasive experience, that way
the level of motivation and immersion within games is diminished.

Evolution r World
of the Garie
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Narrative
£3)
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Fig. 3. Cyclic model of GeoPGD methodology.
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4. Creando

The CREANDO platform is designed with the directives provided by the GeoPGD methodology (See Fig. 3), which divides the design and
development of a geolocated pervasive gaming experience in 4 phases. 1) Pervasive Narrative: this phase serves to define the script of the story, the
characters, elements and scenarios that take part in the execution of the game, allowing each of these components to evolve to expand the initial
narrative. 2) Game World: due to the pervasiveness, the game world breaks the virtual boundaries and integrates with the reality, offering the
possibility of realizing a mixed world for the environment of execution of the game experience. 3) Gameplay: in this phase the rules that will govern
the narrative, the world of the game and the actions of the player are defined. It is possible that these rules evolve, be modified or removed. 4)
Pervasive Dynamics: in this phase everything related to the player’s experience, the environment and the mechanics of the game are built up.

4.1. Analysis

The CREANDO platform arises from the need to create and edit pervasive gaming experiences based on narrative and localization in closed
spaces. For this, as mentioned above, the state of the art and the related works were reviewed. Departing from LAGARTO as one of the best platforms
that approaches to the exposed problem. We wanted to implement the platform with the desire to adjust and adapt some of its features and add
others. To solve this problem, this application emerges as an effort to create a platform that integrates tools for story editing and content
editing with the aim of being a first approximation for the union of these areas. In particular, for the creation of pervasive gaming experiences
in closed spaces focused on the automation of tasks of the domain of software engineering and the speeding up in the development of this kind of
experience.

The main objective of the study is focused to provide a solution that allows users with technical knowledge of programming the possibility of
designing, constructing and executing pervasive experiences based on location, with the possibility of defining the story through the narrative, the
game-play, the mechanics and dynamics of the pervasive gaming experience in an educational context.

4.2. Design and implementation

In the design of CREANDO, different tools were used in each of its main components. Taking into account the Core, an admin- istration panel
was created where it is possible to create and edit the different game experiences (Front-End). In this administration panel, you can add audio content,
video images, HTML code, Accessible information through AR and QR codes, among others. In addition, it allows the communication and
transportation of information through web services. The interaction with the logic is given through an API that is related to the Back-End, where the
access to the data is found. The information is stored in 2 different databases (Users and Games) to separate the access credentials and data of the
games and the interaction of the players. This is presented in the architecture diagram shown in Fig. 4.

Specifically, in the Back-End, we have the authentication of administrative users through access to data through an ORM (Object
Relational Mapping), this ORM also allows access to the data of the games stored in the second database.

Focused on the creation of the platform, the efforts focused on finding and adapting the best tools available for the optimization of the results in
the gaming experiences and that would not generate high costs for the research.

In this same line, in order to present the technologies used in the implementation of CREANDO, Fig. 5 has been constructed, showing
the main components and the elements that are part of the administrator defined in Fig. 4, which contains tools that support the necessary features in
pervasive games, these are: Twine JS, ARJS, the Google Beacon tool and the QR Code-Reader. These tools are used by the mobile application
through web services to show the content to the player.

Front-End CREANDO Back-End CREANDO

) —
CORE % Business Logic % I

Ws Client CREANDO API

’ Exceptions
Session Manager % and Logs ‘ % ORM ‘

Game Manager

=

A
GUI Manager =
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% . S
s " ]
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9 ] Input Manager ©
] > =
Mobile App
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M

Fig. 4. Architecture design of CREANDO by modules.
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Fig. 5. Components of the administration panel in CREANDO being consumed by the mobile app.

4.3. Operation

The functioning of the CREANDO platform revolves around the creation and edition of stories through the customization of the
Twinel]S tool, which allows generating a personalized user interface for a specific project.

CREANDO is composed by a story editing tool and a mobile multiplatform application for accessing the story editor and the different
tools that facilitate the design of pervasive gaming experiences, including augmented reality, the reading of QR codes and Indoor location using
Beacon devices. The tool has a management panel of the stories created for its edition, or the generation of a new game experience. Later, when you
want to generate a new game experience you can create a graph with the different scenarios and challenges that the experience exposes to the player
(Fig. 6).

Each of the nodes that are in the graph of the game experience can contain different digital elements, from HTML code to QR code readers and
augmented reality modules.

When the game experience is configured, it is possible to execute the game experience from the mobile application. The mobile application
Creando is the container where the tools that facilitate the pervasiveness of experiences are grouped, such as augmented reality, QR codes and
indoor positioning (Fig. 7). In the next section we will explain a built prototype with the platform in an educational environment.
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Fig. 6. Story graph divided by scenes to edit challenges and content.
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Fig. 7. Screenshot of the main menu in the mobile app.

5. Study case “Unicauca aprende — Creando”

With the need expressed in previous sections, where the increase in students’ motivation in learning processes is at the center of the research,
this prototype is constructed and tested to serve as proof of the platform’s functioning, in addition, the goal related to motivation is met.
Consequently, it is also necessary to make measurements of the gameplay presented by the game experiences created from the platform.
That is why it is added the results obtained in the measurement of different kinds of gameplay for the developed game experience.

In the study case, the first semester students from the systems engineering program of the University of Cauca were taken into
account. This is done with the premise of the high dropout rate and low performance, where the central reason isthe change of teaching
paradigm, especially in the subjects related to programming area.

Due to the above, it was proposed to carry out a pervasive gaming experience that allows the introduction to the first semester
students of the systems engineering program of the University of Cauca. This with the mood to measure their previous knowledge in the area of
programming and computing. And as an additional value, through a spatial and social pervasiveness, each one of the spaces of the university is
taught through the narrative included in the game experience.

In the design of the history of the experience was used as a guide the game design document (GDD) built in the project JUG- UEMOS of the
Spain government. This document is part of the doctoral thesis of Arango-Lépez, who has adjusted it as the Design Document of the Game Experience
to fulfill the characteristics of the narrative in geolocalized pervasive games.

5.1. Game story

The gaming experience called “Unicauca aprende — Creando Systems Engineering” is a treasure hunt type. It is aimed at students in the first
semester and takes place on the campus of the university, which is composed of different faculties and buildings dis- tributed throughout
the city. The mechanics of the game is the follow-up of instructions with the purpose of collecting the in- formation related to lines of
code, which allows to advance between the levels sequentially until reaching the last point of the route. In the last phase the collected lines will be
used for the execution of a computer program.

The goal of the gaming experience is to make known key aspects for the students about the university and the career they initiate. Consequently,
the execution of new methods that support the learning process is accomplished, which increase the level of moti- vation in them. Also, through
this experience the context is presented and it approaches the basic concepts of programming logic through non-traditional methods. A differentiating
aspect of the experience is the use of tools that facilitate pervasiveness for the development of the game.

The strategy for students to know the university campus and its dependencies during the gaming experience is based on spatial pervasiveness,
which causes students to move through the real world according to the indications given by the narrative included in the game.

The aesthetics of the game is based on a virtual student guide; this is in charge of accompanying the player during the execution of the game
experience. In addition, it provides information about the history of computing and leads the student to visit the different spaces of the university
campus during the experience until it ends.

The game world is a mixture between real world and virtual world, the virtual guide of the game makes a tour along with the player on the
campus of the university where there is access to virtual and real objects. The elements of interaction between the real world and the virtual world
are the QR codes distributed by the campus that present information to the player in the form of text or links to web pages that provide information
about programming, computing and execution of lines of code. The bluetooth beacons present notifications for access to repositories with content
related to the experience, the AR markers present augmented reality content to the player regarding the theme of the gaming experience.

5.2. Results

The elements of interaction to facilitate the pervasiveness used in the experience were the beacons of Estimote, AR markers and
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Fig. 8. Elements used to facilitate the interaction between the player and the game experience.

QR codes (Fig. 8).

During the execution of the gaming experience, the immersion of the students in the presented history was evidenced, expressed in their level
of motivation in each of the levels and the expectation for the following scenarios and elements with which they interacted. In fact, the
technological components used for the construction of the gaming experience at a pervasive level were fundamental for students' immersion
and adaptation to the contents. Some of the interactions with the elements of the story such as QR codes, Beacons and AR markers are presented in
Fig. 9.

The interaction graph of the “Unicauca aprende — Creando” experience presented in Fig. 6, it is based on the treasure hunt game methodology,
where the player is presented with a welcome screen, an instruction screen and 6 sequential missions that represent the narrative of history.

In order to advance, the condition of success that is within the information presented by the elements of interaction must be
accomplish. In case of not entering the correct condition, the player remains in the current mission until the level is met. While the player advances
between the levels, the player has to perform the collection of elements for the solution of the final mission. At the end of the 6 missions, a screen of
End of the game is presented to the player.

5.3. Playability metrics and validation

In order to validate the educational contribution of the experience, a diagnostic survey was carried out to know the perception and knowledge
of the students. Later, after performing the gaming experience, another survey was conducted to measure the ef- fectiveness of the
experience and to obtain the results about the motivation of the students. These surveys were conducted by 20 students belonging to the target
population.

The most significant result was the increase in motivation, from an initial 65% to a final 90% above 3 on a scale of 1-5. In
addition, students who initially declared themselves with low motivation (values of 1 and 2 in the aforementioned scale) they increased
their motivation, this is evidenced in Fig. 10, where it is shown that after the execution of the user experience there are no longer students in these
categories of the scale.

Another representative result related to student learning can be evidenced in the percentage increase to 75% over a score of 2. Also, it is important
to consider that 40% of the respondents before the gaming experience declared no knowledge over this area, and after the experience, this population
was reduced to 0%. In this analysis it can be said that the knowledge average was increased by
30%. These analyzes are shown graphically in Fig. 11.

Yahoo

Mtps//es.yahoo com/

Las neacias, of correo electréaico y 1a
Mmuoawvwso.oo'-oa.-

Fig. 9. Different interactions with the elements in the game experience.
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Fig. 10. Motivation level before and later of participating in the game experience.
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Fig. 11. Knowledge about computation basis before and later of participating in the game experience.

Motivation and knowledge are a fundamental part of the success of the investigation. But, when you build gaming experiences, it is also essential
to measure the gameplay that they present and the players’ perception of their components. This serves to evolve and improve aspects that can lead
to a positive impact in later stages of experimentation. For this reason, the Playability metrics presented by Gonzéles-Sanchez were applied in Sdnchez
(2012), Gonzdlez Sinchez and Gutiérrez Vela (2014). These metrics focus on 6 types of playability: intrinsic, mechanical, interactive, artistic,
personal and social. In addition, 7 attributes of the playability are considered
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Table 1
Examples of applied questions to measure the playability.

Facets of Playability Evaluation Heuristics

Intrinsic The game mechanics are fun and interesting for the player
The game can be replayed by offering new challenges
The game can be played without using the help manual

Mechanical The game engine satisfies the player and exploits the full platform resources
The game provides a balanced IA system to readapt the challenges to the player actions
The game offers dynamic context-sensitive help for overcoming a specific challenge.

Artistic The game story and narrative are pleasing to the player.
The game story catches the player’s attention and the important elements are remarked during the play time. The
game music is consistent with the challenges and immerses the player in the game dynamic.

Intrapersonal New game objectives, rules and challenges are easily identified with several players playing the game.
The ‘full” game story is complete for all players or can be completed by every player sharing the story events. The
social interaction among other players or characters in the new dynamic of play is attractive to the player.

for each proposed type: satisfaction, learning, efficiency, immersion, motivation, emotion and socialization. Some of the questions related to these
metrics are shown in Table 1.

In this process the same participants of the game experience were consulted, this process was carried out after the survey on
motivation and knowledge in the computer area. The results obtained satisfy the playability characteristics that a gaming experience must have with
levels of pervasiveness.

Initially, a count was made of the answers given by the 20 participants, from there the general average was obtained for each one of the types of
gameplay and the corresponding attributes. Next, Table 2 presents the results obtained after conducting the gameplay surveys about the built
prototype.

Subsequently, analyzing the results in each of its types of playability and attributes, representative graphs of the relationship between
these components have been obtained. Below are some examples of such graphs and the individual analysis of each of them.

Fig. 12 shows the relationship that exists between the different attributes in the personal gameplay. This graph affirms what is
found in the analysis of students' motivation and knowledge learning in the computer area, since they are the attributes that stand out.

On the other hand, the Fig. 13 shows the most representative attributes of interactive gameplay are motivation and immersion, as well as the
learning attribute. It is a characteristic to take into account in the evolution of the prototype, where it should focus more on collaborative learning.

Finally, we decided to perform the analysis of the motivation attribute for each type of gameplay, since it is the focus of the study (See Fig. 14).
This analysis shows that the motivation is greater in artistic gameplay, followed by personal, social and interactive gameplay. There is a low level of
motivation in the intrinsic and mechanical gameplay, which must be taken into account to improve in the next versions.

6. Conclusions and future work

In this research the implementation of the CREANDO platform has been presented, which allows the creation and edition of game experiences
based on the narrative and focused on the learning process. In addition, the presented solution is generated from the
mixture of different tools tested and integrated to achieve an optimal result at low cost.

Table 2

Obtained results later of apply the playability metrics — types vs attributes.
Facets of Playability Sa' L’ Ef r M’ Em°® So’ AVG
Intrinsic 4.16 4.21 4.33 4.21 4.12 4.24 4.32 4.23
Mechanical 4.18 4.38 4.00 4.21 4.30 4.23 4.02 4.19
Interactive 4.04 3.98 3.97 4.52 4.50 4.23 4.27 4.22
Artistic 4.16 4.18 4.33 4.20 4.60 4.05 4.11 4.23
Personal 4.15 4.43 4.33 4.34 4.43 4.17 4.12 4.28
Intrapersonal 4.18 4.35 4.29 4.25 4.46 4.00 4.16 4.24
AVG 4.15 4.25 4.21 4.29 4.40 4.15 4.17 4.23
! Satisfaction.
2 Learning.
3 Efficiency.
4 Immersion.
5 Motivation.
¢ Emotion.
7

Socialization
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Fig. 12. Personal playability attributes.

Fig. 13. Interactive playability atributes.

Fig. 14. Attributes in the motivation playability type.

It has been found that the use of pervasive gaming experience built under a higher education environment generates an increase in student
motivation. Also, it has been detected that the increase in motivation positively impacts the learning process, this has been demonstrated through the
previous and subsequent diagnoses to the development of the gaming experience with the students. It has shown the digital transformation like a
correct way to change the traditional methods of teaching. Taking into account the acceptance that young people have for new technologies, it is
important to continue in this line to create strategies to deliver knowledge to higher education students.

In this same line, it is defined that the narrative is important in the design and development of pervasive game experiences in an
educational context, because a student has a greater experience of immersion and motivation to follow the thread of the story to continue getting
the challenges presented by this.

The user experience becomes a fundamental part of the game experiences, since a user-centered design generates a greater degree of acceptance
by the players. It is necessary to consider heuristics that support the development of better experiences, which will surely produce an increase in
motivation and immersion in the gaming experience by students.

The creation of experiences of pervasive games in educational environments support the teaching—learning process in the classroom.
Traditional methodologies must be supported in new technologies so that students feel part of the world of teaching. That is why you must have a
methodological and technological evolution in the classrooms according to the one presented by society.

In fact, taking into account that pervasiveness has special characteristics that make the limits of the virtual world expand by making
objects and people part of the gaming experience, the learning and motivation process must be adapted so that they become part of the life of the
student in a natural way.

On the other hand, the metrics applied help us to conclude that the PGs positively support the process of motivation, socialization
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and immersion of students in the teaching-learning process. Also, it is important to consider the weak points that these show us to strengthen new
experiences and obtain better results.

As future work, it is proposed to carry out enriched game experiences for specific areas of knowledge. Where the effectiveness and
fun in each of these is evaluated, and the levels of pervasiveness can be classified in percentages of effectiveness for each of its attributes.
Also, it is important to generate and apply specific metrics for each pervasive expansion in gaming experiences, and to evaluate the characteristics
that should be considered for each case.
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