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Abstract: This study explored the incidence of metaphorical virtual classrooms and interactive
learning objects in the interaction of students in online mode. The main objective was to analyze
how these digital tools, driven by a set of strategies to promote their use, affect the interaction of
students in the virtual classroom system and their derived effects. To this end, the latest version of
Moodle was implemented in conjunction with gamification plugins and interactive tools in the
higher education institution used as a case study. The methodology consisted of data collection
through ordinal instruments applied to the teachers and student performance metrics gathered
using a plugin developed to extract accurate metrics of each student's usage and performance
through direct queries to the Moodle database and its processing through a neural network. This
facilitated the collection of standardized data on the actual metrics of each virtual classroom at the
end of the teaching of each subject from both the previous LMS and the newly implemented one.
This data was then analyzed using advanced statistical techniques, including Mahalanobis
distances, confirmatory factor analysis, and the Wilcoxon signed-rank test. These methods provided
a compelling comparison between the old and new systems, revealing significant improvements in
the metrics and factors evaluated. The results showed a significant improvement in teachers'
perceptions of the usability of the virtual classroom system and an increase in students' academic
performance, interaction, progress, and time spent learning in virtual contexts. These results
provide solid empirical evidence of the added value of these educational tools as effective strategies
for improving student interaction, performance, and motivation in online education.

Keywords: metaphorical virtual classrooms; interactive learning objects; online students
interaction; online learning ICTs; statistical analysis

1. Introduction

Student dropout is a complex and multifactorial problem that affects higher education
institutions in different countries, primarily online or distance education. Depending on the context,
different studies consider the specific causes of this phenomenon.

Student dropout in the online learning modality is a global challenge reflecting an intrinsic
complexity encompassing academic, economic, social, and technological factors. In previous
research, several cases can be cited where this problem has been observed. For example, at the
National University of Distance Education (UNED) of Costa Rica, a significant discrepancy was
observed between the official dropout rate, 87%, and the perception of dropout by students, 19%,
who reported that the main problem was not dropout, but the delay in graduation caused by
structural deficiencies and lack of support in the graduation process [1]. According to what was
reported in [1], in Spain in 2010, the UNED University reported a dropout rate of 80%, with causes
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that include psychological, academic, economic, social and organizational aspects, highlighting the
variability of determinants and the need for contextualized analysis.

At the regional level, the National Autonomous University of Mexico (UNAM) has reported
facing similar challenges, with high dropout rates in open and distance modalities attributed to poor
communication with faculty and lack of clarity in instructions [2]In Chile, as reported in [3], a
combination of economic, methodological, communication and time management factors were
identified as determinants of dropout, suggesting the need for comprehensive approaches to improve
student retention. According to [4], the challenges in Colombia include technological, pedagogical,
communicative and economic factors, suggesting solutions such as reviewing curriculum design and
developing digital literacy. The study by [5] in Brazil highlights lack of time to study, financial
problems and technological difficulties as the main reasons for dropping out. The study recommends
improving teacher-student interaction, providing financial support, and offering flexible schedules.
Several studies have highlighted the need for greater student self-regulation and engagement in
Ecuador, suggesting gamification and innovative methodological strategies to increase retention [6].
In addition, the need to understand attrition patterns has been identified, suggesting the use of
business intelligence for better information management and decision-making [7].

Thus, at the national level, dropout in the online learning modality is a multi-causal problem
that deserves a comprehensive approach. The design of active and innovative methodological
proposals is required, supported by technological tools and friendly and meaningful virtual
environments that promote students' motivation and commitment to their educational process [7].
Likewise, an information analysis system is needed to facilitate data exploration and strategic
decision-making to address this problem.

The University of Otavalo, used as a case study for this research, has a national scope in its online
learning modality, as each academic period receives new students from all over Ecuador. Until 2023,
this institution had serious dropout problems for online career students due to teachers' poor use of
the virtual classroom system and the lack of interaction and feedback to students. In addition, the
institution had a virtual classroom system in an outdated version of Moodle, and the classrooms had
no instructional design, so students were easily lost in the content, which was often not structured or
timed appropriately at the time. There were no guidelines for using the LMS. As a result, students
are easily demotivated due to a lack of support, guidance, and interactive tools to motivate them to
access the content and complete the virtual learning environment activities.

This research was developed with the motivation of contributing to the study of the problem of
student dropout in online higher education. This critical and multifaceted challenge significantly
affects academic institutions globally. This study emphasized the need for a comprehensive approach
to address the problem, given that dropout is not limited to a single factor but rather an amalgamation
of interrelated causes. In the case of the University of Otavalo, which was used as a case study,
significant problems were identified related to the inefficient use of virtual classrooms, technological
obsolescence, and the lack of effective interaction between students and teachers. The observation of
these phenomena highlighted the urgency of designing active and attractive methodological
proposals, supported by advanced technological tools, to promote the motivation and commitment
of students in their educational process.

As suggested in [8], interaction is a key tool capable of significantly mitigating the problems of
lack of motivation, excessive cognitive load and subsequent dropout. That's why, in the present
study, it was proposed to implement an updated Moodle LMS in its latest version, with a focus on
the use of metaphorical classrooms and interactive tools, such as H5P and LevelUp Xp, to encourage
interaction between teachers and students and contribute to the reduction of the dropout problems
in the institution. This new virtual classroom system was implemented concurrently with creating a
policy that defined how the instructor should use the virtual classroom system and the
standardization of a metaphorical virtual classroom template consisting of three units of three weeks
each, including sections of content, activities, and assessments. Content included in the template
included planning, guides, pre-recorded lessons, and additional resources. The activities, were
designed to be self-directed, hands-on, and teacher-directed and had preset templates. The
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evaluations proposed in the template considered incorporating weekly learning considering pre-
designed questionnaires integrated with a bank of questions and content. All these configurations
proposed to be applied to the teacher and motivated by the regulations established in the institution
promoted the use of a gamification system implemented through the use of the H5P and LevelUp Xp
plugins that allow students to be rewarded for each interaction they have in the system of virtual
classrooms and rise in the ranking of each classroom. Finally, the proposal was evaluated using
ordinal instruments applied to teachers and a plugin that allowed queries to the institution's Moodle
system database to process this information through neural networks to obtain interaction indices in
each classroom and performance metrics. Advanced statistical analysis was then applied to the
results obtained from the institution's previous system and the new system. The results showed
significant improvements of approximately 11.25% in student performance, 110.45% in the
completion status of each classroom, 77.82% in the interaction index, and 114.56% in the average time
students spend learning in the institution's LMS.

1.1. Related works

The implementation of metaphorical virtual classrooms in higher education has been positioned
in recent years as a promising strategy to transform teaching-learning processes. Various studies
developed in universities in Latin America and Spain show the benefits of this model and the
challenges to its effective adoption. Below, a detailed review of this background is presented to
support a novel investigation of the potential impact of implementing metaphorical classrooms in
Ecuadorian universities. It is essential to cite relevant previous studies supporting the topic's
development. As an example, the following works can be mentioned.

One of the pioneering investigations in the area was developed by [9] at the "Antonio José de
Sucre" National Experimental Polytechnic University of Venezuela. The study focused on the design
of virtual classrooms based on pedagogical metaphors implemented through the Moodle platform.
The authors highlighted that using metaphors allows the presentation of academic content in an
entertaining, imaginative and highly motivating way for students. The proposed activities are
facilitated by using concepts and models from everyday scenarios close to reality, leading to
understanding the topics, greater immersion and active participation.

According to the study by [9], the PACIE methodology is ideal for developing this type of
metaphorical virtual classroom, given that it harmoniously integrates pedagogical, technological, and
instructional design components. The stages of Presence, Scope, Training, Interaction, and E-learning
allow the creation of a virtual environment that combines academic and metaphorical spaces to
generate significant learning. Among the findings, the importance of carefully selecting the metaphor
based on the subject and objectives of the course stands out. They also highlight the need for the
teacher to take a leading role in using metaphors to energize students' interactions and experiences
in the virtual classroom.

Along the same lines, [10] carried out research at the Territorial Polytechnic University of the
State of Lara "Andrés Eloy Blanco" in Venezuela, specifically focused on designing a metaphorical
virtual classroom for teaching algorithms and programming. The virtual environment created was
based on the story of "The Little Prince" to be more exciting and motivating for programming
students. Following the PACIE methodology, an immersive interface was achieved with missions
and challenges related to academic content. The results demonstrated the usefulness of this approach
in complementing face-to-face instruction in complex disciplines such as programming. However,
the authors emphasize the importance of focusing metaphorical classrooms on those courses and
subjects where they can most effectively enhance learning.

A study conducted by [11]at the University of Guayaquil in Ecuador revealed significant
deficiencies in integrating ICT in teaching university teachers. It was found that 60% of the teachers
did not use educational technology tools in their classes, limiting the possibilities for meaningful
learning according to current needs. Faced with this problem, the researchers proposed a teacher
training program focused on managing various computer applications such as Word, Excel,
PowerPoint, virtual platforms and the Internet. This background highlights the need to train teachers
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in the efficient use of technology as an essential step in implementing innovations such as
metaphorical virtual classrooms in universities.

Similarly, at the University of Granada in Spain [12]a study was conducted in response to
confirmation of minimal use of available virtual resources by students and teachers. After developing
a complete virtual classroom and conducting a pilot test with students, significant improvements in
using virtual tools were obtained, reaching 98% usage among the participants. This result shows the
potential of a comprehensive design of virtual classrooms, considering all the technical and
pedagogical details, to increase their use and enrich the training processes.

In summary, the reviewed studies provide consistent background information on the benefits of
implementing metaphorical virtual classrooms in higher education. The main benefits include:
increased student motivation and interest by feeling part of an immersive scenario that combines
reality and fiction, development of significant learning by relating metaphors to prior knowledge,
increased levels of interaction and collaboration among peers, and more active participation in
academic activities [13]. However, several studies agree that technology alone cannot achieve these
results. A careful design of the pedagogical aspects, the creation of quality content, the training of
teachers and the involvement of students are key factors that must be addressed for a successful
implementation. In this context, the background analyzed lays the foundation and highlights the
need for new studies that validate the effectiveness of metaphorical environments in different
educational settings, such as that of Ecuadorian universities, so that good practices can be established
for broader adoption in the region [14].

In this way, the background review supported the potential of metaphorical virtual classrooms
to transform teaching-learning processes in higher education, overcoming the limitations of
traditional models. Research in universities in Venezuela, Ecuador and Spain agrees on the
importance of aspects such as the selection of relevant metaphors for students, the training of teachers
in the use of ICT, the careful design of classrooms and the monitoring of their impact through pilot
tests. Considering these experiences and recommendations, the need for innovative studies that
validate the effectiveness of this model in the context of Ecuadorian universities is evident. The
knowledge gained could guide the implementation of metaphorical virtual classrooms, improving
the quality of teaching and student learning at a higher level.

2. Materials and Methods

2.1. Implemented system

Prior to the intervention carried out, the University of Otavalo had an outdated virtual classroom
system in which each teacher used the virtual classroom assigned to him for each academic period in
the way he saw fit, which promoted a non-standardized learning environment complex for each
student to understand in each new subject. For these reasons, the proposed solution used the latest
version of Moodle available to date (Moodle 4.2), implemented in conjunction with a set of plugins
to promote interaction, gamification and monitoring in the LMS. Among the additional plugins
implemented, the following plugins stand out: block_openai_chat , mod_autoattendmod ,
mod_board , mod_moodleoverflow , mod_pdfannotator , quizaccess_onesession
quizaccess_proctoring, block_analytics_graphs, block_completion_progress, block_dedication,
block_messageteacher , block_point_view, block_powerbi, block_xp, filter_filtercodes, h5p,
plagiarism_turnitinsim, among others. In particular, we can highlight the installation of Bootstrap
v4, which made it possible to give a personalized look to the entire LMS and to each of the classroom:s,
giving the students an idea of immersion in the LMS, the OpenAI Chat Block plugin, which allowed
the use of ChatGPT by some of the teachers directly in each classroom, and the H5P and LevelUp Xp
plugins, which allowed the inclusion of interactive objects and gamification in each virtual classroom.
In addition to all these technological efforts, regulations were established at the University that made
it possible to define the rules for the use of the classrooms and to standardize the design of the virtual
classroom system through a virtual classroom template that was given to each teacher, with an
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instructional design, a structure and configuration determined by the Teachers' Directorate, subject
to a user manual that the teacher must follow in the development of his classes.

The structure of the virtual classroom for online study programs had a design of three units
corresponding to the three midterms of each semester, with each unit consisting of three weeks of
study. Each week included a design composed of sections of content, activities and evaluations. The
content section presented the planning, the study guide, the asynchronous lessons pre-recorded by
the instructor, and additional materials, including class slides and any additional resources the
instructor deemed necessary. The Activities section has been arranged with the objective that the
teacher can execute and time the different autonomous activities, activities in contact with the teacher
and experimental practicals that are required and have preconfigured templates such as Task, Forum,
Glossary, H5P and Board arranged in hidden mode so that the teacher can activate them according
to his needs, where all these activities include their evaluation rubric template and configuration of
contributions to the grade book and classroom competencies. Finally, the assessment section of each
week was designed to perform assessment activities that integrate each week's content, such as
questionnaires, lessons, and projects, among others. This section included a preconfigured
questionnaire template to consume the classroom question bank by taking a random subset of the
items the teacher will create for each unit within the question tree.

Furthermore, in order to comply with the recommendations of the ADDIE and PACIE models,
the designed virtual classroom template had an introduction block where all the documentation of
the subject, planning and access to synchronous classes are presented, and a metaphorical menu that
allows the student to access all the units, weeks and classroom tools in an easy, entertaining and
interactive way. In addition, the classroom template used had a closing block where the teacher could
provide all the final information on the subject, collect statistics on the quality of the course and
provide final evaluation and recovery activities for their students.

The virtual classroom template, approved and regulated for use by all faculty at the institution,
was integrated with the LevelUp Xp gamification plugin and configured with a set of rules to reward
each student for their interactions with the classroom content. The rules implemented by default in
the virtual classroom template included rewards ranging from 10 to 30 points to students for
completing various challenges, including the following:

e Ten points are given for each chat message sent, resource viewed, folder viewed, and course page
viewed.

o Fifteen points are for any content posted on forums or messages or threads created on forums.

e Twenty points for each lesson completed or Microsoft Teams session started (attendance to
synchronous classes).

e  Thirty points for each assignment submitted, quiz attempt submitted, glossary entry passed, H5P
interactive object completed and scored, and entry posted on Board.

In addition, this integration is equipped with a system of experience levels configured using a
logarithmic scale with a base of 300 points and a growth coefficient of 1.4, through which ten
experience levels have been defined, allowing the student to progress from the Novice rank to the
Legendary rank. In this way, the implementation was designed to maximize student use of the virtual
classroom system and reward them in a non-traditional way through a ranking system and
experience points similar to those used in video game platforms. Sample images of the metaphorical
classroom design (Figure 1a) and its integration with the LevelUp Xp plugin (Figure 1b) are shown
in Figure 1.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 March 2024 d0i:10.20944/preprints202403.1613.v1

Ranking  Nivel Participante Total Progreso

&/ UNIVERSIDAD DE

ﬁ a BELKY NEREA O S REVELD 3.650° préximae nivel 1.2474
2 @ GERMAN EDUARDO CA A PEREZ 2 gage
2 ﬁ & CERMAN EDUARDO CARRERA PEREZ 2.880° P
3 ﬁ @ SONIA MERCEDES ZERPA BONILLO 2 5557 Sréaime nivel en 7297
ﬁ &' Francisco Becerra Lois 23250 e 9599
ﬁ LIZANDRO MANUEL PERUGACHI LIMAICO 2.320° _ 9pan

e ﬁ 7 '8 5 .
5
\ 4 . o . S . - “i.'j‘r:lr':r:la as Subia 2.100% per——rr
x 4 2 X
¥ 2 . R i . — R TE IR 2.085%
A . 7 w EDWIN LENIN FLORES DIAS 2.085 prw———r=
* £ Semana 6 2 v

s P % 3 i ek 8 PABLO RICARDO MENDOZA ESCALANTE 2025% o imonivelen 106
&7 Semanas : 9 w [ CURI DAQUILEMA MALDONADO 17850 e nivel en 3467
10 3 CARLOS JULIO CHAGCHA SOLIS 1S movet e 356

1 ﬁ AMANDA MERCEDES CHAMORRO ENDARA LTI L imo nivel en 40T

: & . 12 @Fi;:.i‘.’“ 0 1715 imo nivel en 4165
s R 13 a Shirley Noemi Cobo Cadena 1700 o nivel en 4319
4 ‘ FRANCISCO XAVIER BURBANO BOLAROS 645 - 286

@ ALEJANDRO FLORES SUAREZ 16200 o nivel en 5117

Figure 1. Structure of the implemented institutional virtual classroom template: a) interactive menu,
and b) LevelUp Xp ranking and gamification system.

2.2. Data collection

The analysis of the incidence of the implemented proposal was carried out for the two levels of
existing users, teachers and students. To collect information about teachers, the creation of an ordinal
instrument was considered to measure the perception of the ease of use that the implemented
proposal has provided to their work activity, under the hypothesis that a more organized,
standardized system equipped with technological tools cutting-edge technology should contribute
to the daily work of teachers. On the other hand, since students are a population with a less formed
and objective criterion than teachers, it was considered to measure the impact of the implementation
not through a survey but through tangible performance metrics extracted directly from the installed
system's Moodle database. To do this, a plugin was developed to query the Moodle database for each
classroom and calculate accurate performance metrics for each student. This plugin is available as an
open-source version in the public repository:
https://github.com/erickherreraresearch/MoodleSeguimiento.

An ordinal instrument was created to allow the extraction of relevant and inferential information
to verify the impact of the proposal implemented on teachers [15,16]. The development of this
instrument was based on the requirements specified by the Teaching Management, the Office of the
Academic Vice-Rector and the Online Education Management. Therefore, it was designed to support
the assessment of teachers' perceptions of ease in aspects such as the use of Moodle, the generation
of educational resources, the creation of interactive learning objects, and the application of artificial
intelligence in education. Measuring these variables was challenging because they depend on
individual perception. To address this problem, the variables were configured as unobserved latent
variables within a factorial model, which allowed them to be assessed through a set of items rather
than a single question. The layout of the factor structure and the items used are shown in Table 1.

Table 1. Ordinal variables are components of each factor.

Factor 1: Ease of use of the Moodle platform for online education
p1 Do you consider that the virtual classroom system has an interface that facilitates user navigation?
p2 Are virtual classroom system's communication blocks and tools easy to use and access?
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P3 Do you consider that each virtual classroom's communication blocks and tools are configured
optimally?

Pa Do you consider the virtual classroom system's publication and configuration of resources simple
and user-friendly?

s Are creating and configuring activities in the virtual classroom system (assignments,
questionnaires, forums, glossaries, lessons, etc.) simple and user-friendly?

Factor 2: Ease of creating, publishing and uploading educational resources

Ps Are creating and publishing documents in the virtual classroom system easy?

p7 Are recording and publishing educational videos in the virtual classroom system easy?

Ps Do you consider it easy to create, edit, or publish figures and illustrations in the virtual classroom
system?

P9 Do you consider it easy to create, export, and import question banks in the virtual classroom
system?

P10 Are creating, projecting and publishing presentations in the virtual classroom system easy?

Factor 3: Ease of creating and using interactive learning objects

P11 Is creating interactive videos in the virtual classroom system easy? (videos that project questions
and challenges to the user automatically)

P12 Does the virtual classroom system facilitate the creation of interactive diagrams?

P13 Do you consider that the virtual classroom system has sufficient tools to facilitate the creation of

recreational elements such as word searches, crossword puzzles, and other interactive games?
P14 Do you consider that the virtual classroom system has sufficient design and tools to promote the
gamification of the virtual classrooms used to teach the subjects?
Factor 4: Ease of using artificial intelligence applied to education

P1s Do you consider that the system and regulations implemented promote the use of artificial
intelligence for text processing, such as ChatGPT?

P1s Do you consider that the implemented system facilitates the creation of educational texts and
documents assisted by artificial intelligence?

P17 Does the implemented system facilitate the creation of educational presentations assisted by
artificial intelligence?

P18 Does the implemented system facilitate the creation of question banks in a format compatible with
Moodle assisted by artificial intelligence?

P19 Do you consider that the implemented system facilitates the editing of academic documents assisted
by artificial intelligence?

P20 Does the implemented system facilitate the creation and editing of scripts for educational videos

assisted by artificial intelligence?

Contrary to the analysis of the incidence in the teaching staff, for the evaluation of the incidence
in the students, it was considered to increase the numerical performance metrics obtained from the
Moodle database of the previous virtual classroom system and the new implementation, with the
objective that the analysis allows us to objectively visualize the impact generated in the users of the
virtual classroom systems. For this purpose, a block-type plugin for Moodle called
"MoodleMonitoring" was developed using the programming language PHP with corresponding
HTML components and CSS styles, which allowed querying the different components of the database
through structured SQL queries. Moodle data is extracted for each student, and these metrics are
averaged to determine the results achieved in each classroom. The plugin was developed using the
PhpStorm software in a Moodle test environment installed on an Ubuntu virtual machine configured
to run PHP version 8.1, a PostgreSQL database and a Nginx web server.

The metrics considered for collecting student information for each subject at the end of the
academic period were performance, progress, interaction rate and time spent by each student in the
classroom. Performance is a metric that was designed to be obtained as a query to the database
generated by the classroom on the final grade obtained by each student only for the activities that
have been enabled and graded by the teacher, considering the grading rubric for each activity and
their contribution configuration to the grade book. The percentage of progress for each student was
configured to be obtained by consulting the database with the number of activities and resources that
the student has completed in the virtual classroom, divided by the total number of activities created
and enabled by the teacher in the classroom, and transformed into a percentage scale, considering
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the completion status rules configured by each teacher in each activity. The student's engagement

time is obtained by consulting the Moodle log database, comparing it with the classroom index and

adding up the accumulated connection times for each student.

Finally, to obtain the interaction index for each student, various aspects regulated by the
University's Online Education Unit were considered in accordance with the interests of the
University's pedagogical model. The Online Education Unit determined that this index should
include:

e The number of activities and resources visited by students n,gp.

e The number of total activities and resources enabled by the teacher in the classroom N,gr and
the number of activities only enabled by the teacher N,.

e The number of interactive learning objects and interactive activities completed by the student
Nyoera (considering interactive objects as those of the H5P, IMS or SCORM type and interactive
activities as questionnaires, lessons and forums).

e The total time spent by the student solely on solving interactive objects, interactive and
communication activities t;;pgagc(excluding homework delivery times, consulting calendars or
grades, reading or viewing static resources, among others).

e The number of experience points accumulated by the student awarded by the LevelUp XP plugin

Pexp-
e Therank achieved in the classroom ranking system was awarded by the LevelUp Xp plugin rgxp.

Using all these parameters, a variable was designed that is obtained from the contribution of the
majority of these metrics on a percentage scale named cumulative interaction i,, which can be

calculated using the expression:

n 50 50
i, =50 ABR | ToaA T —500765 1 —50 (1)
Nagr e e 1+e™ % ILOBIA®C

1
As can be seen in Equation 1, the ratio between the number of activities visited by students and

the total number of activities facilitated by the teacher was assigned 50% of the weight of this variable.
Similarly, the proportion between the interactive activities and the total number of activities designed
in each subject and the time spent by the students in interactive activities was given a weight of 25%
each. Next, considering that the number of experience points obtained by the student in the
development of each subject does not have a defined scale and can continue to grow indefinitely
depending on the activities considered in the set of rules and that the range obtained by LevelUp Xp
plugin depends on all the configurations and thresholds that the teacher has defined for each score,
which are defined by default in the institutional template but can be modified according to the needs
of each teacher. For this reason, the inclusion of these two variables experience points pgxp and XP
rank 1gxp from the LevelUp plugin, along with the cumulative interaction i, were modelled using
a shallow neural network to provide an output on a scale of 1 to 100 named interaction index I;,,;
[17,18]. The configuration of this shallow neural network is presented in Figure 2.

Figure 2. Shallow Neural Network used to calculate the Interaction Index.
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To obtain this neural network model, a database was created for the variables of interest -
experience score, experience range, and cumulative interaction — comprising the observations of 147
students from different classrooms whose level of interaction was outstanding as observed by their
teachers. Next, the teachers who taught these students subjects in the current period were asked to
assign an interaction score on a scale of 1 to 100, and the average of these scores for each student was
used as the interaction index in the training phase. With these scores, several sequential neural
network models were trained using the TensorFlow and Keras libraries with RStudio, using leaky
ReLU activation functions in the hidden layer and linear activation in the output layer. An Adam
optimizer was used with a coefficient of 0.001 and Mean Absolute Error (MAE) as the cost function
(loss). For each trained model, 100 learning epochs were configured, and a training set consisting of
70% of the observations and a validation set of 30% were considered. In this way, tests were carried
out with two to 20 neurons in the hidden layer, and it was found that the configuration with 14
neurons had the best result, with a loss of 0.1782, a precision of 95.31% and an MAE of 0.0048. In
addition, models with two and three hidden layers were trained and tested with 2 to 20 neurons in
these additional layers but did not perform better than the 14-neuron model finally implemented in
the Moodle plugin [17-20].

23. Statistical analysis

Data processing: Data collection in scientific research often runs the risk of including missing
and atypical data, which underscores the importance of beginning any statistical analysis with a
comprehensive data analysis protocol. One of the most popular methods for processing data in
multivariate samples is using Mahalanobis distances. This technique allows us to quantify how many
standard deviations an observation is from the mean of a distribution. This tool is particularly useful
for identifying observations that deviate significantly from the norm since it can distinguish between
regular and outlier data. From a geometric point of view, unlike the Euclidean distance, which
measures the shortest path between two points without taking into account the correlation between
the variables, the Mahalanobis distance incorporates this correlation in its calculation [21,22], offering
a most precise measure of the distance between a specific point x € RP, generated by a multivariate
probability distribution f,(.), and the averagey = E(X) of said distribution. Assuming that the
fy()distribution has finite second-order moments, the covariance matrix ¥ =E(X — p)can be
established, thus allowing the precise definition of the Mahalanobis distances as:

DX, 1) =X — T 1(X — . )

Confirmatory factor analysis: Once the processed data are available, it is possible to perform a
Confirmatory Factor Analysis (CFA) to assess the validity and reliability of the instrument used. CFA
is a method of analyzing variables that make up a construct, analyzing the dependency relationship
of each variable on the factor to which it is associated. This technique is particularly effective in the
treatment of ordinal variables, allowing us to evaluate the extent to which a vector of dimensional
responses p X 1, made up of observable variables, manages to represent one or more latent variables,
called factors n. Through this approach, it is established that each observed variable contributes to
the explanation of the behaviour of the latent variable that is intended to be measured and estimated.
In this context, a vector of observed responses is used Y; to explain the latent variable {through the
applied model.

Y=A¢+e 3)

In the context of the presented model, Y is defined as a dimension vector p X 1 composed of
observed random variables, while ¢ refers to unobserved latent variables, and A denotes a
dimension matrix p X k, being k the number of involved unobserved latent variables. Considering
that ¥ comprises a set of latent variables ¢, the model incorporates an error €. The resolution of this
model is facilitated by using the maximum likelihood (ML) estimation technique, which is based on
the iterative minimization of the function:
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Fy = In|AQA’ + I — diag(AQA")| + tr(R(AﬂA’ +1- —diag(AQA’)_l)) —In(R) — p, 4)

where AQA’symbolizes the variance-covariance matrix derived from the proposed factorial model,
while R is identified with the observed variance-covariance matrix. In more detail, the parameters
associated with the model in the context of the CFA are estimated by minimizing the discrepancy
between the theoretical variance-covariance matrix of the model and the observed matrix [16,23-27].

Wilcoxon Signed-Rank Test: The Wilcoxon Signed-Rank test, originally proposed by [28], is a
nonparametric analysis method widely used in data analysis to deal with unique sample problems.
In the context of paired data, this procedure has been used to evaluate the hypothesis that the
probability distributions of both samples are identical. Such an evaluation is performed by analyzing
the statistics derived from the within-group differences, with the primary objective of determining
whether these differences are due to a distribution with a median of zero. For the Wilcoxon Signed-
Rank Test, the null hypothesis represents if the set of differences observed between pairs has a
probability distribution with the centre at zero [29].

To carry out the test, we initially proceeded to calculate the absolute values of the differences
|d;|. Subsequently, these absolute values are sorted in ascending order, excluding zero values. The
Wilcoxon test methodology involves the sum of the ranks corresponding to positive differences,
denoted as ( T,), as well as the sum of the ranks assigned to negative differences, represented by (
T_). Thus, for a set of n differences, the following relationship is established between both sums:

[n(n + 1]
T_ = {T} -T, )

To evaluate the null hypothesis, a rejection region was defined for the test statistic called T,.
Said rejection region was determined using the exact distribution of the null hypothesis of T,. The
standard normal distribution can be adopted for large samples as an approximation for hypothesis
verification. For these circumstances, a two-tailed rejection region is established for the null
hypothesis based on the statistic T,or T_ as:

{T+ — [nin + 1)]}

Zy = {[n(n+ D(2n + 1)]}1/2 > Ziap (6)
24
{T_ — [nin + 1)]}
e ) 7 e 7
24

Finally, a one-tailed test is performed analogously to the comparison made for Z;_,.

3. Results

The analysis of the effect obtained by the implemented interactive metaphorical classroom
system began with evaluating the effect obtained on the institution's teachers. For this purpose, an
ordinal instrument was designed and administered to all the institution's staff before and after the
implementation of the system and their training in its use. This pre-test and post-test design allowed
us to assess teachers' perceptions of their own online teaching skills and abilities before and after
using the newly implemented virtual classroom system. In this way, the instrument allowed us to
determine if significant differences existed between how they taught before and after using the new
system.

3.1. Validation of the ordinal instrument

The statistical analysis began with validating and applying the ordinal instrument proposed
during the experimental phase. This instrument was created based on the evaluation guidelines
defined by the Teachers' Directorate, the Office of the Academic Vice Rector and the Online Education
Unit. In this way, the instrument was designed to evaluate the teachers' ease of use perception of
using Moodle, creating educational resources, interactive learning objects and artificial intelligence
for education. Evaluating these variables can be challenging because their measurement depends on
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each individual's perception. For this reason, the variables were arranged as unobserved latent
variables in a factor structure that facilitates their measurement [21,27,30]. As this was a new
instrument created in the institution, Confirmatory Factor Analysis was applied to verify and
guarantee its validity and reliability.

The instrument designed to collect information and perceptions of teachers was applied to a
sample of 224 participants, corresponding to the opinions collected from teachers at the University
of Otavalo who used the virtual classroom system before and after the intervention carried out
through the implementation of the new virtual classroom system and training the staff in its use. In
this way, each observation included 24 variables, of which 2 were discrete numerical variables for
years of experience in face-to-face and virtual teaching. Two variables were categorical for the time
of the intervention and the type of teacher contract. In addition, 20 ordinal variables were structured
as factors, as presented in Table 1, to register the perception that teachers had of their ease of use of
the Moodle platform for online education, ease of using software to create educational resources, ease
of using virtual and interactive learning objects, and ease of using of artificial intelligence applied to
education. The descriptive statistics for each of the numerical and ordinal variables that made up the
survey are presented in Table 2.

Table 2. Descriptive statistics for the ordinal variables of the instrument applied to teachers.

Question min 1st Qu. Medium mean 3rd Qu. Max. Sd.
Expgas 0.00 4.75 8.00 12.45 15.00 40.00 11.1122
ExPoniine 0.000 2,000 2,500 3,554 4,000 13,000 3.2458
Factor 1: Perceived ease of use of the Moodle platform for online education
p1 1,000 5,750 8,000 6,935 9,000 10,000 2.2375
P2 1,000 5,000 7,000 6,565 8,000 10,000 2.3454
p3 1,000 6,000 8,000 7,022 9,000 10,000 2.2869
P4 1,000 5,000 7,000 6,663 8,000 10,000 2.3312
Ps 1,000 6,000 8,000 7,217 9,000 10,000 2.3572
Factor 2: Perceived ease of using software to create educational resources
Ps 1,000 5,000 7,000 6,587 8,000 10,000 2.3117
p7 1,000 5,000 7,000 6,359 8,000 10,000 24114
Ps 1,000 4,000 7,000 6,196 9,000 10,000 2.6446
12 1,000 5,000 8,000 6,957 9,000 10,000 2.5415
P1o 1,000 5,000 7,000 6,641 9,000 10,000 2.6000
Factor 3: Perceived ease of using interactive learning objects
P11 1,000 4,000 7,000 6,022 8,000 10,000 2.4894
P12 1.00 4.00 7.00 5.75 7.00 10.00 2.4967
P13 1.00 4.00 7.00 5.87 8.00 10.00 2.4683
P14 1,000 4,000 7,000 5,707 8,000 10,000 2.5786
Factor 4: Perceived ease of using artificial intelligence applied to education

P1s 1,000 3,000 6,500 5,674 8,000 10,000 2.9616
P16 1,000 3,000 6,500 5,565 8,000 10,000 2.9772
P17 1,000 3,000 7,000 5,728 9,000 10,000 3.1661
Pis 1.00 3.00 7.00 5.63 8.00 10.00 3.0516
P19 1,000 2,000 6,000 5,424 8,000 10,000 3.1070
P20 1,000 2,000 6,000 5,315 8,000 10,000 3.1305

Next, the presence of atypical observations in the compiled database was verified using
Mahalanobis distances. This evaluation was carried out by implementing the function mahalanobis
in R, setting a cut-off threshold at 45.3147, which was determined based on the distribution x2. For
this, 99.9% of the distribution was considered to accept distances, thus excluding 0.1% of the most
distant observations considered atypical. This process identified ten outlier observations, which were
eliminated from the database, resulting in a final database composed of 214 multivariate
observations.

Using the refined database, we verified its parametric assumptions, a critical element given that
the chosen instrument validation technique was Confirmatory Factor Analysis (CFA). This method
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requires adherence to additivity, normality, linearity, homogeneity, and homoscedasticity
assumptions. In this context, the first assumption tested was additivity, for which the multivariate
correlation matrix applied to each pair of possible ordinal variables was used. The resulting
correlation matrix for the sample in question is shown in Figure 3.

2 2

© o o o - N o %
- - § ©® - © o ¥ = = T = o ~ @
a o o o a a a o o a a a 9 o a a Q

Figure 3. Multivariate correlation matrix for all pairs of variables in the instrument.

As shown in Figure 3, the bivariate correlation obtained for each pair of items showed adequate
correlation values, with no combination of items having correlation values equal to one. This allowed
us to confirm that the additivity assumption was met. A false regression analysis was chosen to test
the normality, linearity, homogeneity, and homoscedasticity assumptions. This multivariate
technique uses a set of theoretical random quantiles derived from the distribution y? to compare
with the parameters and quantiles observed in the sample. The results derived from the false
regression analysis were evaluated using a histogram, a QQ Plot quantile plot, and a scatterplot, as
shown in Figure 4 [26].
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Figure 4. Results of the fake regression analysis: a) histogram, b) QQ Plot, c) ScatterPlot.

As can be seen in Figure 4a, where the histogram of the standardized quantiles from the
regression model was plotted, a uniform distribution was observed, showing a remarkable similarity
to the normal distribution. This finding allowed us to validate the assumption of normality. In Figure
4b, the QQ plot plotted the quantiles of the sample against the theoretical quantiles, showing an
alignment close to an ideal straight line of 45 degrees, which led to the acceptance of the assumption
of linearity. In addition, the scatterplot shown in Figure 4c plots the standardized residuals of the
sample against the residuals fitted by the spurious regression model. This graphical representation
showed an even distribution of quantiles in all quadrants, with distances from the horizontal axis
remaining constant in the range of -2 to 2, with no remarkable patterns or groupings. Therefore, the
assumptions of homogeneity and homoscedasticity were validated.

After confirming the assumptions in the sample, we proceeded with the application of
Confirmatory Factor Analysis (CFA), configuring its factor structure through the library lavaanand
the statistical programming language R. The results obtained from the CFA are presented in Figure
5 and Table 3.
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Figure 5. Path diagram for Confirmatory Factor Analysis applied to the factor structure.

Table 3. Goodness of fit indices of the factor structure obtained through the ACF.

npar fmin chisq df pvalue

46.0000 4.0021 656.4102 164.0000 2.2e-16
cfi tli nnfi rmsea srmr
0.9461 0.9423 0.9420 0.0317 0.0451

As seen in Figure 5 and Table 3, the factor loadings of each item in its corresponding factor
exceeded the threshold of 0.5, and the correlation between factors did not show a perfect correlation,
which led to the conclusion that the factor structure did not present signs of disability. When
examining the goodness of fit indices of the model, it was found that the CFI (Comparative Fit Index),
TLI (Tucker-Lewis Index) and NNFI (Non-Normed Fit Index) indices exhibited values above 0.9,
which, of course, According to [27], classifies the model as excellent. Likewise, when evaluating the
SRMR (Standardized Root Mean Square Residual) and RMSEA (Root Mean Square Error of
Approximation) indices, values of 0.0317 and 0.0451, respectively, were obtained, which
demonstrates the validity and reliability of the designed instrument.

Additionally, Confirmatory Factor Analysis (CFA) allowed the estimation of the determination
coefficients r? for each item within its factor, which indicates the degree of contribution of each item
to explaining the factor to which they belong. In this way, the determination coefficients provided a
perspective on the instrument items that have the greatest influence on each unobserved latent
variable assessed. The determination coefficients obtained by CFA are shown in Figure 6.
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Figure 6. Determination coefficients r? for each question within the dimensions of the factor
structure.

In Figure 6, it can be seen that within the factor ease of use of the Moodle platform for online
education, question 3, "Do you think that the communication blocks and tools of each virtual
classroom are optimally configured?" reached the highest coefficient of determination of 0.970,
suggesting that the optimal configuration of tools is critical to improving the overall Moodle
experience. For its part, in the factor ease of using software to create educational resources, question
9, "Do you find it easy to create, export and import question banks in the virtual classroom system?"
reached the highest coefficient of determination of 0.911, which suggests that improvements made in
the creation of question banks is conceived as a great advancement that facilitates the creation of
educational resources by teachers. In the factor of ease of use of virtual and interactive learning
objects, question 13, "Do you think that the virtual classroom system has sufficient tools to facilitate
the creation of recreational elements such as word searches, crossword puzzles, and other interactive
games?" reached the highest determination index of 0.955, which suggests that creating
implementations that facilitate the creation of recreational objects such as word searches and
crossword puzzles is critical in promoting virtual interactivity by teachers. Finally, in the area of
artificial intelligence, it was found that question 19, "Do you think that the implemented system
facilitates the editing of academic documents assisted by artificial intelligence?", reached the highest
coefficient of determination of 0.979, which suggests that teachers perceive that implementations that
facilitate the editing of text documents are critical to promote the use of artificial intelligence in LMS.

Furthermore, as mentioned in [31], these coefficients of determination are applicable in
formulating a regression model that facilitates the extraction of scores for each factor based on the
contributions of each question involved. Consequently, equations 12 to 15 were proposed, which
allowed the calculation of the observed score of each researcher in each dimension evaluated.

Vioodie= 2.3496(0.934p, + 0.674p, + 0.970p; + 0.765p, + 0.913ps), (12)
Viducres= 2.4709(0.704p, + 0828p, + 0.778pg + 0.911p, + 0.826p,,), (13)
Vint.onj.= 2.6759(0.929p;; + 0.918p;, + 0.955p,5 + 0.935p,4), (14)

V= 1.7223(0.960p; 5 + 0.971p;6 + 0.969p,, + 0.963ps5 + 0.979p,4 + 0.964p5), (fifteen)

3.2. Analysis of the incidence among teachers
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Based on the results of the validated instrument and the simple factor structure obtained and
quantified in the four variables: perceived ease of using Moodle, generation of educational resources,
generation of interactive learning objects, and use of artificial intelligence in education, all possible
tests of difference were performed for these variables. The analysis began by applying the Wilcoxon
Signed-Rank Test for dependent samples in each variable, contrasting them using the categorical
variable of the state in which each observation was raised before and after the implementation of the
virtual classroom system. The tests for differences results are shown in Figure 7 and Table 4.
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Figure 7. Box plots for the contrast of the perception of teachers' skills for online teaching before and
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Table 4. Wilcoxon Signed-Rank Test for each variable of the simple structure obtained through the
ACF.
Ease in creating Ease in creating  Artificial intelligence
Variable Moodle ease of use educational resources interactive learning ease of use
objects
Wilcoxon Signed W =673 W =659 M;Z 45%5 M;z 315‘5
- — * — * value — value —
Rank Test p”algﬁ _,0,'03(:28 p”a“;, _,0,'02526 5.742e — 05* 1.459¢ — 07*
ignifican ignifican Significant Significant
95% confidence -13.77818194 -16.3528372 -35.012105 -53.28974
interval -0.07045598 -0.5115355 -7.551537 -26.65344
Before 71.0972 2 70,0000 t° 449143 2 32.4810 @
despues de 80.0599b 80.0976b 74.9879b 80,0000b

Medians with different letters in the same column differ significantly according to the Wilcoxon Signed-Rank
Test for pyge < 0.05.

As seen in Table 4 and Figure 7, the weighted scores obtained through the CFA for the simple
structure could identify significant differences between the variables that make up the sample.
Teachers rated the perceived ease of online teaching before and after implementing the new virtual
classroom system. It was possible to identify that teachers experienced a significant improvement in
the ease of use of the Moodle LMS of approximately 12.61% with a p-value of 0.03028. Additionally,
a significant improvement of approximately 14.42% was identified in the ease of creating educational
resources, with a p-value of 0.02226. Regarding the perception of ease in creating interactive learning
objects, a significant improvement of approximately 66.95% was identified, with a p-value of 5.742e-
05. Finally, regarding the ease of use and integration of artificial intelligence in education, teachers
showed a significant improvement of approximately 146.29%, with a p-value of 1.45%-07.
Additionally, in Figure 5, it can be seen that the dispersion of these weighted scores for each variable
decreased after implementation, which suggests that the opinion of the experiment participants
became more homogeneous after the implementation, training and use of the platform, which
represents a positive impact on the standardization of the teaching-learning process in the institution.

Finally, significant differences in the sample were evaluated using the two additional categorical
variables corresponding to the type of contract under which the teacher works and the area of knowledge
to which each individual's training corresponds. However, concerning the contract type variable, no
significant differences were found, with p-values of 0.9731, 0.7360, 0.1138, and 0.5888, respectively, for
ease of use of Moodle, creation of educational resources, interactive learning objects, and ease of use and
integration with artificial intelligence. The results for these contrasts are shown in Figure 8.
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Figure 8. Box plots for contrasting teachers' perception of ease of use of the platform depending on
their contract type.

As can be seen in Figure 8, the perception of the ease of using the online teaching platform did
not show significant differences according to the type of contract of each teacher. Thus, although
slight differences were observed in the ease of creating interactive learning objects and in the use of
artificial intelligence since the threshold of significance was not reached, it is concluded that there
was not enough evidence to identify whether teachers with permanent contracts or occasional users
perceived greater or lesser ease in using these tools.

3.3. Analysis of the incidence in students

As detailed in section 2.1, in order to effectively measure the impact of the implemented virtual
classroom system, a plugin for Moodle was developed that was capable of making queries to the LMS
database, which collected relevant information about the actual use by students for both the old
system and the newly implemented system. This information was summarized as four numerical
variables on a scale of 1 to 100, corresponding to the average of the student's scores in each classroom
for performance, percentage of progress, percentage of interaction, and time of classroom use (in
hours). Using this plugin, developed as a block, observations were collected for 113 classrooms of the
previous system in version Moodle 3.6 and 116 classrooms for the new system implemented in
version 4.2, resulting in a database of 229 observations for each student's classroom at the end of each
subject. The descriptive statistics obtained for these variables are presented in Table 5.

Table 5. Descriptive statistics for the numerical variables obtained through the monitoring plugin
applied to 224 classrooms used by students at the end of the teaching of each subject.

Variable min 1st Qu. Medium mean 3rd Qu. Max. Sd.
Average 0.750 6,980 8,000 7,586 8,530 10,000 1.6371
performance
A

Verag(i /p)mgress 0.00 27.50 4737 49.96 71.05 100.00 25.6404
Average

interaction rate  -25.00 4415 56.85 60.43 79.88 94.93 22.0263

(%)

Average 0.000 7,181 11,843 14,260 19,020 67,613 595.8164

dedication time
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The data were then processed by checking for missing data and identifying atypical data. No
missing data were detected using this method. On the other hand, using Mahalanobis distances, five
atypical observations were detected, using a cut-off value of 22.4577 for a statistic y* of 99.999 and
degrees of freedom determined by the number of variables in the sample. This way, these five outlier
observations were removed so that the final sample consisted of the observations collected for 224
virtual classrooms.

Next, we proceeded with the verification of assumptions by applying the Lilliefors test to verify
normality and the Snedecor F test to verify homogeneity in the data that made up the sample. When
running the normality tests using the Lilliefors test, p-values of 4.714e-06 and 0.002511 were obtained
for the average performance of the students in each classroom for the state before and after
implementation, respectively. For the average percentage of progress variable, p-values of 7.529e-05
and 0.1226 were obtained for the state before and after implementation, respectively. P-values of
0.2797 and 7.572e-06 were obtained for the average interaction percentage variable for the state before
and after implementation, respectively. For the variable Average time of use of each virtual
classroom, p-values of 4.285e-05 and 0.01935 were obtained for the state before and after
implementation, respectively. For these reasons, the normality assumption was rejected since the
significance threshold established at 0.05 was exceeded in several cases. Furthermore, when the
homogeneity tests were executed using Snedecor's F, p-values of 0.0627, 0.0002, 0.0037 and 5.162e-13,
respectively, were obtained, so only the average performance variable reached the level of
significance, so the homogeneity assumption was rejected.

In this way, it was determined that the sample for analyzing student results was not parametric,
so the Wilcoxon Signed-Rank Test for dependent samples was used for analysis. The results of
applying this test on the four variables are presented in Figure 9 and Table 6.
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Figure 9. Box plots for the contrast of the perception of teachers' skills for online teaching before and
after implementation.

Table 6. Wilcoxon Signed-Rank Test for each variable of the simple structure for the average metrics
obtained from 224 virtual classrooms.

Average progress (%) Average interaction Average dedication

Variable Average performance rate (%) time
Wilcoxon Signed W=3113 W=13735 MP/ N 44_8 MI/’ . 2329
- — _ * — _ * value — value —
Rank Test pmlues,_ 7,'39‘: 1 pvalug, 2.2¢ . 16 2.2e — 16* 1.011e — 15*
ignifican ignifican Significant Significant
95% confidence -1.3700626 -40.35009 -37.96991 -10.406495
interval -0.7599909 -31.15001 -32.40999 -6.522186
Before 7.5500 to 32.4300 2 44.9200 @ 8.3936 2
despues de 8.4000b 68.2500b 79.8800b 18.0155b

Medians with different letters in the same column differ significantly according to the Wilcoxon Signed-Rank
Test for pyquue < 0.05.

As shown in Figure 9 and Table 6, when comparing the data of each variable for the previous
system and the newly implemented virtual classroom system, a significant improvement in each of
the metrics could be observed. Regarding the students' academic performance, it was observed that
the average final grades for each subject of the students in each classroom went from a median of 7.55
to a median of 8.4, which represents a significant improvement with a p-value of 7.39. e-11. The
percentage of activities and resources completed or progressed by students in each classroom
increased from 32.43% to 68.25%, a significant improvement with a p-value of 2.2e-16. The rate of
student interaction in each classroom increased significantly from 44.92% to 79.88%, with a p-value
of 2.2e-16. Finally, the average time students spent working in each virtual classroom showed a
significant increase from 8.39 hours in the previous system to 18.01 hours in the new platform, with
a p-value of 1.011e-15. Thus, it was evident that the system implemented and the strategies embodied
in the design of the LMS and each virtual classroom significantly improved the end users' experience,
who, in this case, are the students.

4. Discussion

The foray into the use of metaphorical virtual classrooms and interactive learning objects in the
online modality has marked a significant milestone in digital education, as evidenced in the study.
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This work has allowed a detailed analysis of how these tools affect student interaction, contrasting
with previous research such as that of [6,13], which have also made valuable contributions to online
education, albeit from different perspectives. A fundamental difference between the present study
and those of [6,10,13] lies in the methodology used. While previous works focused on qualitative
analysis of students' perceptions and the impact of educational technologies from a more superficial
perspective, this study incorporated a robust quantitative approach, using advanced statistical
techniques that allowed an accurate assessment of the impact of metaphorical virtual classrooms and
interactive learning objects. In addition, implementing a plugin for monitoring and collecting
information in virtual classroom systems represented a significant methodological innovation,
providing reliable data on students' interaction with the learning elements at all times and
establishing a replicable model for future research in this area.

In terms of results, while research by [6,10,13] highlighted the importance of digital tools in
improving student motivation and engagement, the present study was able to quantitatively
demonstrate how metaphorical virtual classrooms and specific interactive learning objects improve
student interaction and academic performance. This validates student perceptions gathered in
previous studies and provides solid empirical evidence of the added value of these educational tools.
The main advantage of the current study over previous ones is its ability to provide detailed
quantitative evidence of the effectiveness of metaphorical virtual classrooms and interactive learning
objects. This is particularly relevant in online education, where student interaction is a key predictor
of academic success.

In summary, the present study's analysis of the incidence of metaphorical virtual classrooms
and interactive learning objects in online student interaction marks a significant advance in
understanding learning dynamics in virtual environments. Through the implementation of advanced
statistical techniques and the development of innovative tools for monitoring student interaction, this
work not only overcomes some of the limitations of previous studies but also establishes a solid
foundation for future research in the field of digital education. Thus, it can be highlighted that, based
on the experimental protocol, it was observed that the ease of use of the implemented virtual
classroom system perceived by the teachers showed significant valuable improvements in the area of
Moodle use and educational resource creation. In particular, the use of Moodle, the creation of
interactive learning objects, and the use and integration of artificial intelligence in their classes. For
its part, significant contributions were observed in the educational service that students receive,
which was evidenced by significant improvements of approximately:

e an 11.25% improvement in student average grades,

e a110.45% improvement in the completion status of the activities of each

e 77.82% improvement in student interaction rate

e a 114.56% improvement in students' average time spent on asynchronous learning in each
classroom.

In this way, these findings provide solid evidence that the metaphorical strategy used, which
includes gamification components and is reinforced with interactive objects, along with a set of
regulations established in the institution, significantly impacts the teaching-learning process in online
education.

5. Conclusions

This study investigated the impact of metaphorical virtual classrooms and interactive learning
objects on student interaction in online mode. For this purpose, the latest version of Moodle was
implemented at the University of Otavalo, along with gamification plugins and interactive tools. The
methodology included data collection using ordinal instruments for teachers and performance
metrics for students, collected through a plugin developed to perform direct queries to the Moodle
database for each student, which obtained the average metrics for each virtual classroom of the
previous system and the new system implemented. This information was statistically processed
using Mahalanobis distances, Confirmatory Factor Analysis, and the Wilcoxon Signed-Rank test to
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contrast the previous system with the newly implemented system, which allowed significant
improvements to be identified in each metric and factor considered.

The findings evidenced significant improvements in teachers' perceptions of usability and
increases in students' academic performance, interaction, progress, and time spent learning in virtual
environments. Implementing metaphorical virtual classrooms and integrating interactive and
gamification tools proved to be effective strategies for improving student motivation and
engagement in online learning environments. Thus, this study contributes to the field of online
education by providing empirical evidence on the effectiveness of implementing metaphorical virtual
classrooms and interactive learning objects to improve student interaction and achievement. From
the results, it can be concluded that the adoption of advanced educational technologies and
innovative pedagogical strategies is essential to address the challenges of attrition and motivation in
online education.
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