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ABSTRACT 
Virtual Learning Environments (VLE) are present in all educational modalities and levels, but their 
adoption in primary education remains limited. This article evaluates the acceptance of 
MundoCRA, a VLE that enriches traditional classrooms through a virtual world where students per
form educational tasks in an engaging way. Gamified activities with rewards, points, and certifi
cates promote motivation through quizzes, challenges, and collaborative projects. MundoCRA also 
includes a management module that allows teachers to create and monitor tasks easily. The evalu
ation, based on an extended Technology Acceptance Model (TAM), considers constructs such as 
perceived enjoyment, satisfaction, and gender differences. A survey of 20 teachers and 30 students 
from the Rural Grouped School (CRA) Sierra de Alcaraz (Spain) revealed that MundoCRA increased 
motivation, satisfaction, and enjoyment. Furthermore, structural equation modeling showed that 
perceived enjoyment and ease of use significantly influenced positive attitudes toward the plat
form, explaining over 70% of the variance in user attitudes.
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1. Introduction

Virtual learning environments (VLEs) are integral to online, 
blended, and face-to-face (Flavin & Bhandari, 2021) educa
tion across all levels, from early childhood (Mai & Muruges, 
2018) to university (Flavin & Bhandari, 2021).

Although historically the implementation of VLEs has 
been prominent in high levels of education (Flavin & 
Bhandari, 2021) such as secondary schools and university, 
more sophisticated applications have progressively emerged, 
adapting to the needs of basic educational levels.

Early digital repositories, used for sharing materials within 
educational communities, are precursors to modern VLEs 
(Margaryan & Littlejohn, 2008). Digital disruption added 
advanced features like communication tools, videos, and inter
active submissions, greatly enhancing VLEs (Thomas, 2017).

While VLEs contribute significantly to education, their 
implementation faces challenges like resistance, lack of train
ing, technical issues, and contextual adaptation, as noted by 
Segura-Robles and Gallardo-Vigil in 2013 (Robles & Vigil, 
2013). Codreanu et al. identified challenges in VLE adoption 
in primary education, including lack of teacher training, 
increased workload, and the need for tools tailored to 
younger students and digital interaction monitoring 
(Codreanu et al., 2016, 2017).

This article describes the technology acceptance evalu
ation of the VLE called MundoCRA. It is an application that 
enriches traditional learning environments by enabling stu
dents to complete educational tasks in a friendly, accessible, 
and enjoyable way. MundoCRA allows teachers to create 
educational tasks within a virtual world, where they can use 
a module that facilitates task management; for example, 
allowing them to edit tasks easily.

MundoCRA presents an innovative character; this can be 
seen generally in the software solution proposed in this art
icle, and particularly in everything related to the creation 
and integration of the graphical part of the “virtual world”. 
For MundoCRA, the goal from the beginning was to create 
a virtual school environment so that immersion in the 
“virtual world” would offer an appropriate user experience 
for children in Early Childhood and Primary Education.

MundoCRA has been validated through the evaluation of 
the tool’s use and the technology acceptance test, which was 
distributed to a group of 20 teachers and 30 students. This 
article presents the evaluation of the use of the MundoCRA 
tool and the satisfaction of the users from the Rural 
Grouped School (CRA) named “CRA Sierra de Alcaraz,” 
participants in the MundoCRA project, and finally presents 
the analysis of the results.
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Rural Grouped Schools (CRA) are small, dispersed cen
ters in rural Spain, grouped administratively to optimize 
resources and ensure education access (Raposo-Rivas et al., 
2023). These schools mitigate challenges like depopulation 
and geographic isolation by centralizing management, pro
moting collaboration among communities, and ensuring 
educational continuity (Mat�ıas Solanilla & Vigo Arrazola, 
2020). Additionally, they serve as cultural hubs in rural 
areas, fostering connections between families, students, and 
educators (Epstein, 2018). This organizational model ensures 
that even the most remote areas maintain access to quality 
education, adapted to the specific needs of their commun
ities (Domingo, 2015).

The article is organized as follows. Section 1 presents the 
problem, and the proposed solution. Section 2 is dedicated 
to explaining Virtual Learning Environments and Graphical 
Learning Environments. Section 3 describes The Virtual 
Learning Environment MundoCRA. Section 4 focuses on 
detailing the functionality of MundoCRA, emphasizing its 
two main user roles: Student users and Teacher users. 
Section 5 describes the creation and integration of the 
graphical part of MundoCRA’s “virtual world”. The evalu
ation of the use of the MundoCRA tool and the satisfaction 
of the “CRA Sierra de Alcaraz” users with the project is 
included in Section 6. Finally, Section 7 summarizes the 
conclusions and future work.

2. Virtual learning environments

The use of virtual learning environments (VLE) in primary 
and secondary education is a subject of extensive research. 
What do we mean by virtual learning environment? VLEs 
are digital learning environments that are used to support 
teachers and students and facilitate access to modern resour
ces (quizzes, assignments, forums, etc.).

Researchers Hilli et al. consider VLEs as educational sys
tems that extend in-person classes (Hilli, 2020), and as Diaz 
et al. mention, they enrich users with a compendium of 
practical resources and techniques that facilitate the transfer 
of learning from teachers to students (D�ıaz et al., 2020).

VLEs, explored mainly in e-learning and higher educa
tion, now enable teachers to create virtual classrooms using 
tools like ClassDojo (ClassDojo, 2024), Google Classroom 
(Google, 2024), and Edmodo (Edmo, 2024), organizing con
tent, activities, and interactive spaces for students and fami
lies. In recent years, these tools have become an ideal 
complement to reinforce and extend face-to-face teaching by 
centralizing resources (Tharaka et al., 2022), managing 
assessments (Limniou & Smith, 2010), tracking progress 
(Stricker et al., 2011), and fostering engagement (Hilli, 
2020).

Some authors link VLEs with the use of virtual reality or 
augmented reality systems (Pellas et al., 2019, 2020). 
However, this article focuses on VLEs in terms of digital 
learning systems. We use the term virtual in the sense of 
digital. Balarezo et al. emphasize inclusive policies and tech
nical training to address challenges like the digital divide, 
dehumanization of learning, and lack of digital literacy, 

which hinder VLE adoption, especially in rural areas 
(Balarezo Velasco et al., 2024).

The most common VLEs are those that include a set of 
advanced educational resources that teachers use to help in 
the learning and teaching process. The main view consists of 
a set of topics, or a set of weeks. This type of VLE is wide
spread but is not the subject of study in this article.

In recent years, an innovative type of VLE has appeared 
in which the main view is a 2D or 3D virtual stage, in which 
teachers and students are represented by an avatar and 
move around the stage.

Among the applications related to the proposal, 
ClassDojo (2024) is the most popular. Although it is really a 
behavior management platform, ClassDojo has been widely 
used in primary education because, among other things, it 
allows the teacher to assign activities, create comments, and 
put points to promote good behavior, while allowing the 
student to create their digital portfolio.

Within the ClassDojo ecosystem, the Dojo Islands 
(ClassDojo, 2024) are available, which is a virtual world cap
able of increasing the impact of ClassDojo, through learning 
experiences that children love: games. In fact, it is a safe 
place created only for students, where they can grow as they 
please, through play.

Another related app is Edmodo (Edmo, 2024), which is a 
platform for creating social learning environments. In it, vir
tual classrooms can be created in which the teacher can add 
materials, activities, questionnaires, links … The most recent 
posts appear at the top (just like in blogs) and its interface 
is reminiscent of a social wall, in the style of the Facebook 
wall. In it, each user has different options, depending on 
whether they are teachers, students or parents.

Another application is Google Classroom (Google, 2024), 
which is one of the tools included in G Suite. Although vir
tual classrooms can also be created with personal Google 
accounts, more interesting options are available if they are 
associated with an educational institution. In any case, it is a 
tool that, like Edmodo, allows you to create virtual class
rooms in which the teacher introduces all the necessary 
digital materials, activities and resources, and in which 
teachers and students can interact and collaborate through 
the Google shared documents.

The scientific community is heavily engaged in research 
on VLEs and their counterpart, virtual reality (VR). For 
instance, VR has been used to intervene in situations where 
students suffer from bullying (Sapouna et al., 2010). 
Additionally, research has explored the use of 3D virtual 
environments to facilitate collaborative learning, particularly 
in subjects such as mathematics (Bouta & Retalis, 2013).

Building on this, Lee et al. investigate Virtual and 
Augmented Reality (VAR), providing key insights into how 
these technologies impact undergraduate students. Their study 
emphasizes the need for thoughtfully developed VAR systems 
to enhance STEAM education effectively (Lee et al., 2024).

While some researchers argue that VLEs and VAR sys
tems may lack pedagogical impact or fail to meet user satis
faction (Mart�ın et al., 2021), others present contrasting 
findings. For example, Kliziene et al. studied platforms such 
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as EDUKA and reported a significant positive impact on 
subjects like mathematics (Kliziene et al., 2021). Similarly, 
Laine et al. observed that VAR systems can boost students’ 
motivation, improve learning methods, and enhance content 
engagement (Laine et al., 2023).

Furthermore, Shwedeh et al. identify key challenges in 
adopting VAR systems in education (Shwedeh et al., 2024). 
These include insufficient infrastructure, inadequate teacher 
training, and limited student engagement—issues that are 
also present in the implementation of MundoCRA.

3. The virtual learning environment MundoCRA

MundoCRA is a web-based educational application that 
establishes a multiplatform system, where a gamified virtual 
world can be found (Costa-Tebar et al., 2024), offering all 
the functionality required by teachers, allowing them to 
implement current educational methodologies.

MundoCRA is designed specifically for children, as it is 
developed within a gamified virtual world that is appealing 
to any child in Early Childhood and Primary Education. 
During the system’s development, great attention has been 
given to the creation of activities for the academic develop
ment of students, providing teachers with tools to create a 
variety of activities, including gap-fill exercises, tests, evalua
tions, and tasks, among others.

MundoCRA is innovative in two important aspects: its 
graphical interface and the wide range of interactivity it 
offers. The application facilitates interaction between chil
dren, parents, and teachers, with activities, group games, 
and both individual and group messaging.

3.1. MundoCRA initial setup

The MundoCRA application is available for download from 
the webpage, designed as a welcome page for MundoCRA. 
This page contains basic system information, contact details, 
and the option to download the desktop application (for 
both Windows and Mac) as well as the mobile app for 
Android devices.

MundoCRA is a comprehensive educational solution 
ready to be implemented in educational centers, following 
relatively simple preliminary steps:

1. Bulk registration of users (here we refer to the center’s 
students), first by exporting the list from DELPHOS 
and then importing it (with a few adjustments) into 
MundoCRA.

2. Registration of administrators, teachers, and the stu
dent’s guardians/parents. The list of guardians can also 
be migrated—with more modifications—from reports 
generated by DELPHOS.

3. Subject adaptation. MundoCRA is currently equipped to 
support the curriculum for Early Childhood Education 
and Primary Education subjects.

Figure 1 shows the navigation interface of the virtual 
world “MundoCRA.” In this world, users interact and, 

depending on their role, they can create, find, and complete 
all kinds of activities. “MundoCRA” has been designed as a 
video game set in a school environment, where teachers and 
students move and interact using their respective avatars 
(characters in the form of cubes). This approach is particu
larly attractive and motivating for students.

3.2. Usage scenarios and functionality

The basic usage scenarios of MundoCRA are presented in 
Table 1.

Due to its particular importance, we will now focus on 
the “in the classroom” scenario. The photograph in Figure 
2 illustrates this scenario.

Students can follow the teacher’s explanations and guid
ance, as well as ask any questions they might have. This sce
nario is especially suitable for multi-user activities, that is, 
those carried out by several students simultaneously: an 
example of this is the activities we refer to as Graspme.

The teacher can create these Graspme activities through a 
form where they can add a set of questions (each associated 
with four answers, with one designated as the correct answer).

The objective of the Graspme activity is to encourage student 
participation, ensuring they have fun while learning at the same 
time. The teacher can invite students to participate in one of 
these activities. After an invitation is sent, all students receive a 
notification informing them that a Graspme activity is about to 
take place, and they are invited to join. Once the students have 
joined, the teacher starts the activity. Students receive a question 
and four possible answers; from these four options, they must 
select the correct answer. The teacher manages the activity and 
can send the correct answer and the activity’s progress to all 
connected students. Furthermore, the teacher decides when to 
move on to the next question.

Functionality of MundoCRA can be grouped –by roles– 
into the following sets of features:

� Functionality for users with the Teacher role: manage
ment of Tasks, Exercises, Written Assignments, 
Assessments, Graspme, Teachers, Families, Students, 
Chat, Ranking, Reporting Issues, Map Correction, etc.

� Functionality for users with the Student role: Accessing 
MundoCRA (with all its associated features), Viewing 
Results (Tests and Games, Tasks, Written Assignments, 
Assessments, Agenda, etc.), and more.

� Functionality for users with the Parent/Guardian role: 
access to the results obtained by the students under their 
care.

� Functionality for users with the Administrator 
role: all the functionality available to teachers, students, 
and parents, plus specific administrative functions such 
as comprehensive management of all exercises, tasks, 
and written assignments created by any teacher; user 
management; and issue reporting management.

Functionality of MundoCRA for the “Teacher role”
The main features available to users with the Teacher 

role include:
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� Management (creation, deletion, and modification) of 
Tasks, Exercises (which can be fill-in-the-blank or mul
tiple-choice), Assessments, and Graspme exercises.

� Written Assignment Exercises: Students can also 
respond to open-ended questions or complete dictations 

previously defined by the teachers. The teachers them
selves can later correct the written assignments submitted 
by the students. Help Videos: These are instructional 
videos explaining how to create each type of exercise. A 
YouTube channel has been created where these videos 

Table 1. MundoCRA Scenario.

Scenario Description

From home Scenario for students, guardians, and teachers from their respective homes, 
connected to MundoCRA as a multiplatform online learning

In the classroom In-class scenario –teacher and students– using a projector (which displays 
the virtual world and manages the multi-user games), and with students 
using tablets (or other devices)

Figure 2. In class scenario.

Figure 1. Current interface for exploring MundoCRA.
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are hosted. Other Management Functions: View 
Teachers, Manage Tutors/Families, Comprehensive 
Student Management, View Rankings, etc.

� Teachers (and administrators) can also report any sys
tem issues, so that this information reaches the applica
tion developers.

� Connected Users: A sidebar displays the number of con
nected users in real-time, including their nicknames and 
photos, whether they are students or teachers.

� Notification Inbox: Teachers can send individual or 
group messages through MundoCRA’s management 
interface. Additionally, they can notify the parents/guard
ians of each student via email by simply selecting the 
appropriate option.

� Map Correction: If there is any conflict with the map 
when integrating an activity –whether due to an internet 
connection issue or the device being used– teachers can 
correct the map by simply selecting this option.

Functionality of MundoCRA for the “Student role”
The main features available to users with the Student role 

include:

� Accessing MundoCRA, with all its associated functional
ity: searching for activities, completing activities, viewing 
real-time movement of avatars of currently connected 
users, enabling/disabling background sound, etc.

� Viewing Results: Students can check their results in the 
Exercises, Tasks, Written Assignments, and Assessments 
they have completed.

� Consulting their Agenda: Students can view completed 
and incomplete activities for their course, both for indi
vidual subjects and all subjects collectively. Building on 
the previous feature, students can navigate from the 
agenda to the position of a specific incomplete activity.

� Individual Chat: Students can only communicate with 
teachers to prevent cases of insults, bullying, etc. between 
classmates.

� Notification Inbox: Students can review messages/notifi
cations from teachers via the sidebar, with unread mes
sages highlighted in bold.

� Written Assignment Exercises: Students can also 
respond to open-ended questions or complete dictations 
previously defined by the teachers.

� Course-Specific Maps: Each student can only see content 
relevant to their course, while a student from another 
course will only see content related to their own course.

� Authenticated User Notifications: All connected users 
are notified in real-time (via text notifications) whenever 
another user (whether student or teacher) enters or 
leaves the virtual world.

Functionality of MundoCRA for the “Parent/Guardian 
role”

The main features available to users with the Parent/ 
Guardian role include:

� Access to the results obtained by the students under 
their care, in the fill-in-the-blank and multiple-choice 

exercises, tasks, written assignments, and assessments 
that the students have completed.

Functionality of MundoCRA for the “Administrator role”
The main features available to users with the 

Administrator role include:

� All the functionality available to teachers and students.
� Comprehensive management of all exercises, tasks, and 

written assignments
� created by any teacher.
� In the “Student List” screen, administrators have the abil

ity to upload students in bulk using Excel files. This 
makes student registration even simpler and faster.

� Comprehensive management of data related to students, 
teachers, and families within the school.

� Log Control: Administrators have access to chat logs and 
user access logs.

4. Description of MundoCRA

MundoCRA is a research project with a dual purpose: 
the first is to advance the field of TEL systems research, and 
the second is to apply this knowledge in the educational 
sphere of the Colegio Rural Agrupado (CRA) Sierra de 
Alcaraz in the province of Albacete. The CRA Sierra de 
Alcaraz consists of five sections: El Jard�ın, Pe~nascosa, 
Povedilla, Viveros, and Robledo (Barba-S�anchez, Calder�on 
Mil�an, et al., 2021).

For this purpose, a learning system called MundoCRA 
was created. It is an application in which students from this 
CRA can learn through activities and interact with each 
other. These activities are created by the teachers.

As previously mentioned, there are four different types of 
users in this application: student, teacher, family, and 
administrator. In this work, we focus on the roles of student 
and teacher.

4.1. MundoCRA architecture

The architecture designed for development follows a client- 
server model, using frame- works and libraries on the server 
side, Express (Express, 2024), Socket.io (Socketio, 2024), and 
on the client side, Traviso.js (Traviso, 2024), Pixi.js (Pixi, 
2024), Bootstrap 5 (Booststrap, 2024), all orchestrated by 
Node.js (Nodejs, 2024), which is a technology capable of 
interpreting and executing JavaScript.

Communication between nodes – client and server – is 
conducted via the HTTP protocol, using express to create 
APIs, and socket.io to provide bilateral communication; this 
results in a system that allows the execution of multiple 
actions simultaneously.

The Tiled tool (Tiled, 2024) has been used to create vari
ous isometric “Tile Sets” that compose the entire ‘virtual 
world’ of MundoCRA, where two distinct layers can be 
identified. The first layer corresponds to floors and special 
tiles, while the other layer contains interactive objects.

INTERNATIONAL JOURNAL OF HUMAN–COMPUTER INTERACTION 5



The creation of avatar animations for movement within 
the world has been achieved using the TexturePacker tool 
(TexturePacker, 2024). This tool can package all the sprites 
for avatar movement, as well as the special tiles populating 
the virtual world.

In the first attempt to develop the virtual world, a graphical 
orthogonal view design was used, but it soon became apparent 
that this view was too rudimentary for the interaction and 
user experience goals. Therefore, the development of the 
“virtual world” MundoCRA moved to an isometric view, 
resulting in an Isometric 2D Graphical Learning Environment.

4.2. Student rol

When students enter the application, they are greeted by the 
hall (Figure 3). They have three options, which are displayed 
on the doors: they can view their results, go to the school
yard, or exit.

Students can select any of the available options. By 
choosing the “Exit” option (the door on the left), they exit 
the application. Alternatively, selecting the “Results” option 
(the door on the right) allows students to view their 
assigned activities. The panel displayed in 5 is similar to the 
one accessible to students, though it includes only those 
functions permitted for activity completion.

On the other hand, when a student selects the main door 
(the one in the center), they are taken to the schoolyard (see 
Figure 1), where they can view and access the interactive 
activities assigned to their course, if any.

The activities appear above the tiles (see the center of 
Figure 1), and these are created by teachers, represented by 
the yellow avatar shown. There are six types of activities, 
each requiring students to:

� Fill in the blanks: complete the missing parts.
� Tests: select the correct option from three possibilities.
� Assignments: submit tasks, such as exercises or projects.
� Graspme: answer questions in the style of Kahoot.
� Writing: write about a given topic.

� Evaluation: solve a combination of the previous 
activities.

Each student has access to the subjects they can take; for 
Early Childhood Education students, they will have access to 
“Languages: Communication and Representation” (LCOR), 
“Knowledge of the Environment” (COEN), and “Self- 
Knowledge and Personal Autonomy” (CAUP). Meanwhile, 
Primary Education students will have access to “Language,” 
“English,” “Mathematics,” “Natural Sciences,” “Social 
Sciences,” “Art Education,” “Physical Education,” and 
“Religion and Ethical Values.”

In the MundoCRA schoolyard, a chat feature is included 
where students can communicate with each other and their 
teachers, as seen on the right-hand side of Figure 1. The 
messages are stored, and teachers can retrieve them from 
the chat management system. It was programmed using 
sockets with the socket.io library.

Students can view an agenda to check, either for each 
subject or for all in general, the different exercises they can 
complete or have already completed, as shown in Figure 4
(with completed activities in green and pending ones in 
blue). The agenda was created using the collections of exer
cises from the database, and thus, for its implementation, 
JavaScript and MongoDB were used for the server side. In 
contrast, HTML and CSS were used for the visual interface.

It is important to note that students can view the mes
sages they receive from their teachers in the section located 
in the menu on the right.

4.3. Teacher rol

Essentially, teachers have the same three navigation options 
as students, but with a higher level of permissions within 
the system. For this reason, they have access to additional, 
more significant functionalities, which they can access 
through the door on the right. In this role, that door is 
renamed from “Resultados” to “Gest�ıon,” as it allows 

Figure 3. Entrance to MundoCRA for students and teachers.
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teachers to create different types of activities and manage 
students and chat (Figure 3).

Regarding the development and implementation of the 
gamification model in MundoCRA, the functioning of activ
ity management (such as writing exercises and assignments) 
and student management are detailed below (Figure 5).

In the assignments section, teachers can review the tasks 
they have assigned by choosing a specific task; they can see 
which students have completed it and assign them a grade 
(see Figure 6).

In the writing section, teachers can review the essays 
assigned to students by selecting a specific essay; they can 
check which students have completed it and assign them a 
grade (as it was shown in Figure 6, related to assessed 
tasks).

In the section “Alumnos,” as shown in Figure 7, teachers 
can view each student’s results (by clicking on the trophy), 
and their evaluations (by clicking on EV), modify their 
details (by clicking on the pencil), delete them (by clicking 
on the bin), and select them to send a message (by clicking 
on the checkbox).

5. Graphics integration for MundoCRA’s virtual 
enviroment

The system’s solution is based on web technology, allowing 
the representation of the world through PixiJS (Pixi, 2024) 
and TravisoJS (Traviso, 2024). These technologies influence 
the selection of graphical tools, leading to the decision to 
use Tiled (Tiled, 2024) and TexturePacker (TexturePacker, 
2024) for the design and management of sprites, which are 
integrated into MundoCRA (Molina et al., 2020).

5.1. Generation of MundoCRA using tile sets and 
pattern layers in tiled

The Tiled tool (Tiled, 2024) has been employed in the fol
lowing structured process for creating graphic resources that 
allow for the construction of the virtual environment of 
MundoCRA:

First, various “Tile Sets” have been developed, which 
enable the composition of the world. This is due to their 
ability to act as a “color palette,” allowing for the definition 

Figure 4. Student agenda.

Figure 5. Teacher management panel.
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of the visual elements of the virtual map. This can be seen 
in the bottom right corner of Figure 8 with the label “Tile 
Set.” Using this set, the floors and objects displayed in the 
central part of Figure 8 have been created.

Subsequently, two “Pattern Layers” were created: the first 
is intended for composing and displaying the floors, while 
the second is designed to position and show the objects that 
players will interact with through collisions or activations 
(see Figure 9).

Tiled facilitates the transformation of these created 
resources (floors and objects) into files (of type .PNG and 
JSON) containing the necessary information for the presen
tation and management of the virtual world in the provided 
cross-platform distribution.

5.2. Generation of animations and resources with 
TexturePacker for MundoCRA

The TexturePacker tool (TexturePacker, 2024) has been used to 
create animations associated with avatars and their movements 
within MundoCRA. This tool has been essential for packaging 
all the sprites corresponding to the different movements of the 
avatars, as well as the graphical elements related to the tiles of 
activities within the virtual environment.

Using TexturePacker (see Figure 10), PNG and JSON files 
were generated, containing the graphical and structural 

information of the movement sequences. These files, along 
with PixiJS and TravisoJS, enable the efficient integration 
and use of animations and graphical transitions in the 
“virtual world” environment.

It is worth noting TexturePacker’s ability to optimize the 
designed graphical resources by grouping them into a tex
ture atlas, which reduces resource load. To further improve 
performance on web platforms, Squoosh is employed after 
composition in TexturePacker, reducing the size of PNG 
files by around 30%, at the cost of a 20% loss in quality, 
and converting them to WEBP format. Nonetheless, this 
reduction allows images to be served efficiently over HTTP.

6. Technology acceptance evaluation of the virtual 
learning environment MundoCRA

This section covers the evaluation of the use of the 
MundoCRA tool and the satisfaction of users from the 
“CRA Sierra de Alcaraz” with the project.

Regarding the evaluation of usage results and satisfaction 
with the project, a survey was designed and implemented, 
consisting of 34 questions aimed at both teachers and stu
dents of the CRA. In the end, 21 valid responses were col
lected (12 teachers and 9 students) through the Google 
Forms questionnaire platform, during the 20 days the survey 
was open in June 2024.

Figure 6. List of task responses.

Figure 7. Student section.
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Along with a descriptive analysis of the survey and the 
initial response report generated by the Google Forms tool, 
another analysis was conducted: a structural equation ana
lysis, using data processing with Smart-PLS, based on the 
Technology Acceptance Model (TAM) (Davis et al., 1989). 

In our case, we added three new variables: Enjoyment, since 
MundoCRA is based on gamification; Satisfaction with the 
project as a whole; and Gender, as specialized literature 
confirms the existence of a gender gap in the use of 
technology.

Figure 8. Creation of the “virtual world” of MundoCRA with TILED (map).

Figure 9. Creation of the “virtual world” of MundoCRA with TILED (layers).
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6.1. Survey designed to evaluate project use and 
satisfaction

This subsection presents the results of the evaluation of the 
MundoCRA tool’s usage, as well as the satisfaction of the 
students and teachers from the CRA “Sierra de Alcaraz” 
with the project.

In this regard, the following tasks were carried out:

� Definition of a survey designed for the project’s users 
(teachers and students) from the “CRA Sierra de Alcaraz.”

� Digital implementation of the survey.
� Necessary tasks for distributing the survey to the 

recipients.
� Preliminary collection of responses.
� Relevant analysis once the collection of responses was 

completed.

Specifically, the following “evaluation instrument” was 
designed (and sent): the MundoCRA Project Survey. The 
digital implementation of the surveys was carried out using 
Google Forms.1

6.2. Survey characteristics

� The general characteristics of the final survey that was 
conducted are as follows: Type: Web-based. Responses 
are anonymous.

� Target population: Users of the MundoCRA tool. We 
focused on the “CRA Sierra de Alcaraz” and, specifically, 
on the teachers and students from the five schools of the 

CRA. Although parents and school administrators are also 
users of the tool, they were excluded from this survey.

� Geographical area: Albacete (territory of the “CRA Sierra 
de Alcaraz”). Sample size: A representative sample for 
the two aforementioned groups: specifically, 20 teachers 
and 30 students. A total of 50 surveys were distributed, 
but only 21 responses were received.

� Survey duration: The questionnaires were designed to 
take approximately 15 min to complete.

The number of participants is determined by the number of 
teachers and students at the educational rural center where 
we did the study.

The Google Forms system provided the technical support 
for the design, distribution, and analysis of the surveys we 
prepared. The survey questions with their possible response 
values are presented in the conjunction of questions in 
Tables 2–4.

6.3. Descriptive analysis of the survey conducted

A link was sent to access the survey to the participants. In 
the following subsections, we present the preliminary design 
of the survey as well as some screenshots of its digital 
implementation.

In the survey introduction, the following introductory 
text is displayed:

MundoCRA Project Survey Thank you for participating in this 
survey. It will take approximately 15 minutes to complete. All 
responses are anonymous. We would like to learn about your 
experience in order to provide meaningful insights for the 
research project “Avances Tecnol�ogicos Aplicados a dar soporte y 

Figure 10. Packaging of avatar animations with TexturePacker.
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mejorar la actividad docente en Colegios Rurales Agrupados” 
(TecnoCRA).

If the respondent is a student, the survey is designed to 
be completed with the assistance of their teacher or parents.

Now, let’s describe and present each of the blocks and 
questions that make up the survey.

The survey is divided into blocks, with the first block gather
ing information about the respondent’s profile (see Table 2), 
while the subsequent blocks evaluate participants’ Acceptance 
(Table 3) and Satisfaction (Table 4) with respect to the 
TecnoCRA project, which includes the MundoCRA prototype.

6.4. Statistical results of the survey conducted

The statistical report of the 21 surveys received (12 from teach
ers and the other 9 from students) was generated using the 
Google Forms platform during the 20 days it remained open in 
June 2024. This report includes a graph of the responses 
received for each of the 34 questions that make up the survey.

6.5. Structural equation modelling analysis with smart- 
PLS, based on the technology acceptance model

In addition to the descriptive analysis of the survey (see 
Section 2) and the analysis of the response report generated 

by the Google Forms tool, another analysis has been carried 
out. This is a structural equation modelling analysis, proc
essing the data with Smart-PLS,2 based on the Technology 
Acceptance Model (TAM). In our case, we added 3 new var
iables: Enjoyment, as MundoCRA is based on gamification; 
Satisfaction with the project as a whole; and Gender, since 
specialized literature confirms the existence of a gender gap 
in the use of technology.

6.6. Evaluation of the measurement model

Before analyzing the actual results, we evaluated the meas
urement model, in line with the approach proposed by Hair, 
Sarstedt, and Ringle (2019) (Hair et al., 2019). This is appro
priate, as the method for measuring the variables composed 
of different items shows both convergent validity (see Table 
5) and discriminant validity (see Table 6) (Nitzl et al., 2016).

Note that all constructs are estimated in mode A. It can be 
noted that the diagonal elements (in bold) represent the square 
root of the shared variance between the constructs and their 
measures (AVE). The italicized values above the diagonal ele
ments are the HTMT0.90 values. The values below the diagonal 
elements are the correlations between the constructs.

6.7. Analysis of the results

In Figure 11, we summarize the results obtained from the 
direct relationships between the variables of the proposed 
model based on the TAM. Observing the obtained data, we 
can conclude that:

� The use of MundoCRA positively influences satisfaction 
with the project (b¼ 0.102). However, it is more 

Table 2. Survey designed to evaluate project use and satisfaction – user 
profile.

N Question

1 Gender: (Male/female)
2 Age:
3 Profile: (Teacher/student)
4 My Municipality (and province) of residence is:
5 Province:

Table 3. Survey designed to evaluate project use and satisfaction – acceptance of MundoCRA.

No. Question

1 Have you ever accessed the TecnoCRA virtual learning environment? (Yes/No)
2 How often do you connect to the TecnoCRA virtual learning environment per month during this school year? (1¼ Less than twice a month/2 ¼ Twice a 

month/3 ¼ Once a week/4 ¼ Several times a week/5 ¼ Every day)
3 I have a positive attitude toward the TecnoCRA virtual learning environment (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
4 The TecnoCRA system improves my performance (helps me improve my results) (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
5 The TecnoCRA system increases my productivity (helps me complete my tasks faster) (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
6 The TecnoCRA environment increases my effectiveness (helps me achieve my goals) (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
7 The TecnoCRA system is interesting to me (1¼ Strongly disagree; 5 ¼ Strongly agree)
8 The TecnoCRA system is useful to me (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
9 Navigating the TecnoCRA system is fun (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
10 Navigating the TecnoCRA system is a pleasant experience (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
11 Navigating the TecnoCRA system is attractive to me (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
12 Navigating the TecnoCRA system is satisfying (doesn’t cause frustration) (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
13 When navigating the TecnoCRA system, I lose track of time (1¼ Strongly disagree; 5 ¼ Strongly agree)
14 When navigating the TecnoCRA system, I fully concentrate on the navigation (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
15 When navigating the TecnoCRA system, I get so absorbed that I don’t notice anything else (1¼ Strongly disagree; 5¼ Strongly agree)
16 Learning to navigate the TecnoCRA system is easy for me (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
17 It’s easy for me to make the TecnoCRA system do what I want (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
18 Interacting with the TecnoCRA system is clear and understandable to me (1¼ Strongly disagree; 5 ¼ Strongly agree)
19 I find the TecnoCRA system flexible to interact with (1¼ Strongly disagree; 5 ¼ Strongly agree)
20 I find it easy to gain skill in handling the TecnoCRA system (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
21 Navigating the TecnoCRA system is easy for me (1¼ Strongly disagree; 5 ¼ Strongly agree)
22 When I enter the TecnoCRA system, I usually have a specific purpose (1¼ Strongly disagree; 5 ¼ Strongly agree)
23 When I enter the TecnoCRA system, I tend to browse aimlessly (1¼ Strongly disagree; 5 ¼ Strongly agree)
24 Given that I have access to the TecnoCRA system, I will use it (1¼ Strongly disagree; 5 ¼ Strongly agree)
25 Given that I have access to the TecnoCRA system, I foresee using it next year (1 ¼ Strongly disagree; 5 ¼ Strongly agree)
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influenced by a positive attitude (b¼ 0.421) than by the 
perception of its utility (b¼ 0.164).

� Attitude towards the use of the tool is formed (R2 ¼

0.784) from the perception of its utility (b ¼ .378), the 
ease of use of the tool (b¼ 0.143), and the enjoyment it 
provides (b¼ 0.273), in that order of importance.

� Furthermore, the perception of the utility of MundoCRA 
cannot be explained without referencing the ease of use 
of the tool (b¼ 0.455). Similarly, it would not provide 
enjoyment if MundoCRA were complicated to use 
(b¼ 0.455).

� Regarding the gender gap, it positively influences the use 
of the tool (b¼ 0.455), with women being more likely to 
use it, but negatively affects having a receptive attitude 
towards it (b¼ 0.230), the enjoyment it provides 
(b¼ 0.233), or satisfaction with the project as a whole 
(b¼ 0.509). Once identified, a future line of research 
should be oriented towards reducing this gender gap 
concerning technology in the educational field, not only 
by teachers but also with respect to students.

Finally, it should be noted that the proposed model 
(Figure 11) explains more than 70% of the variance (R2) in 
the positive attitude towards MundoCRA and the perception 
of enjoyment that this gamified tool provides to users 
(mainly students, but also teachers), as well as more than 
50% of the perception of utility and 20% of the use of 
MundoCRA and the satisfaction of students and teachers in 
the CRA with the project as a whole. In this sense, it can be 
concluded that improvements in ease of use will increase 
perceived utility and the use of MundoCRA, as long as 
members of the school community (teachers and students) 
maintain a receptive and open attitude towards its use.

This conclusion will serve as a starting point for future 
projects aimed at proposing improvements – both in 

effectiveness and efficiency – in achieving one of the objec
tives of the Spain 2026 Agenda: the digital transformation of 
education and teaching in classrooms. Another future line 
of research could focus on analyzing improvements in aca
demic performance; however, for this, MundoCRA needs to 
be used for at least one school year, in line with the discrep
ancies identified in Barba-S�anchez et al. (2018) or Barba- 
S�anchez, Orozco-Barbosa, et al. (2021).

7. Conclusions and future work

MundoCRA has proven to be an innovative tool for inte
grating students from Rural Grouped Schools (CRA), over
coming geographical barriers and fostering community 
despite physical dispersion. Students show increased motiv
ation and participation in the gamified environment. 
However, improvements are needed, particularly in person
alization and adaptive tools to better address diverse student 
needs.

The success of MundoCRA lies in its integration of gami
fication strategies and emerging technologies, guided by 
Technology-Enhanced Learning (TEL) research. This gami
fied Virtual Learning Environment (VLE) enhances learning 
through well- designed game dynamics, significantly boost
ing student engagement, motivation, and effectiveness 
(Costa-Tebar et al., 2024). It also paves the way for innov
ation in personalized and adaptive educational tools.

The gamification strategies and technologies underpin
ning the virtual environment include PixiJS for hardware- 
accelerated 2D graphics, TravisoJS for isometric layouts and 
interactions, Tiled for tile-based map design, and 
TexturePacker for optimized sprite sheets. These tools have 
been crucial in creating the immersive gamified environment 
described in Section 5, delivering an engaging and functional 
experience for students and teachers.

Regarding the evaluation of the results on usage and sat
isfaction related to the project, a survey with 34 questions 
was designed and implemented, targeting both teachers and 
students from the CRA. In the end, 21 valid responses (12 
teachers and 9 students) were obtained through the Google 
Forms platform during the 20 days the survey was open in 

Table 4. Survey designed to evaluate project use and satisfaction – project satisfaction.

No. Question

26 If you could decide now to participate in this project, what would you choose? (1 ¼ Not at all, I wouldn’t 
participate again; 5¼ Yes, I would definitely participate again)

27 To what extent is this project as you had imagined it before starting? (1 ¼ Nothing like I expected; 5 ¼
Exactly as I expected)

28 If a friend asked you whether they should participate in this project, what would you recommend? (1 ¼
I wouldn’t recommend it at all; 5 ¼ I would totally recommend it)

29 Considering all of the above, rate your current level of satisfaction with this project. (1 ¼ Not at all 
satisfied; 2¼ Low; 3 ¼ Medium; 4 ¼ High; 5 ¼ Completely satisfied)

Table 5. Reliability and convergent validity estimates of the measurement model.

Constructs Cronbach’s Alpha Dijkstra- Henseler’s rho A Composite reliability (CR) Average variance extracted (AVE)

Ease of use .946 .958 .957 .787
Utility .934 .940 .950 .793
Enjoyment .928 .955 .949 .823

Table 6. Discriminant validity of the measurement model based on the 
Fornell–Larcker and HTMT0.90 criteria.

Constructs Ease of Use Utility Enjoyment

Ease of use .887 .780 .807
Utility .749 .891 .819
Enjoyment .831 .777 .821
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June 2024. Along with the descriptive analysis of the survey 
and the initial response report generated by Google Forms, 
another analysis was carried out; this is a structural equation 
modeling analysis, processing the data with Smart-PLS, 
based on the Technology Acceptance Model (TAM). In our 
case, we added three new variables: Enjoyment, as 
MundoCRA is based on gamification; Satisfaction with the 
project as a whole; and Gender, since specialized literature 
confirms the existence of a gender gap in the field of tech
nology use.

The evaluation process revealed favorable user satisfac
tion, highlighting areas for improvement in effectiveness and 
efficiency. While initial results are positive, assessing the 
platform’s long-term impact on academic performance will 
require extended use across multiple courses for more 
robust conclusions.

As a future work, efficient virtual environments require key 
functionalities, such as integrating MundoCRA with the 
DELPHOS system. DELPHOS is used by public educational cen
ters in Castilla-La Mancha, Spain. DELPHOS streamlines admin
istrative and academic processes, aligning with regional standards 
and simplifying tasks like student record management and 
attendance tracking. This allows educators to focus more on 
teaching. Additionally, the platform provides flexible tools for cre
ating exercises and tasks, fostering greater teacher participation.

We are currently advancing the implementation of VLE 
with gamification to explore innovative techniques for fos
tering skills like reading and autonomous learning. 
Motivation, a critical factor in educational outcomes, can be 
extrinsic (controlled motivation, CM) or intrinsic (autono
mous motivation, AM) (Deci & Ryan, 2004; Ryan & Deci, 
2000, 2006, Wu, 1999). While gamification enhances extrin
sic motivation, we hypothesize that personalized exercises 
aligned with students’ interests could foster intrinsic motiv
ation, creating a deeper learning connection.

To achieve this, we propose integrating large language 
models with gamification strategies, enabling personalized 
and effective learning experiences. Potential applications 
include:

� Personalized exercise generation: Tasks tailored to stu
dents’ interests, knowledge, and needs.

� Story generation: Interactive narratives fostering reading 
skills.

� Intelligent avatars: Personalized tutoring through inter
active dialogues.

Additionally, Fog Computing and IoT technologies are 
being integrated to synchronize physical activities and real- 
world data with the virtual environment, creating a more 
immersive and dynamic learning experience. 

Notes

1. https://www.google.es/intl/es/forms/about/.
2. https://www.smartpls.com/.
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