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Abstract: Incorporating technology into virtual education encourages educational institutions to
demand a migration from the current learning management system towards an intelligent virtual
educational system, seeking greater benefit by exploiting the data generated by students in their
day-to-day activities. Therefore, the design of these intelligent systems must be performed from a new
perspective, which will take advantage of the new analytical functions provided by technologies such
as artificial intelligence, big data, educational data mining techniques, and web analytics. This paper
focuses on primary education in developing countries, showing the design of an intelligent virtual
educational system to improve the efficiency of primary education through recommendations based
on reliable data. The intelligent system is formed of four subsystems: data warehousing, analytical
data processing, monitoring process and recommender system for educational agents. To illustrate
this, the paper contains two dashboards that analyze, respectively, the digital resources usage time
and an aggregate profile of teachers’ digital skills, in order to infer new activities that improve
efficiency. These intelligent virtual educational systems focus the teaching-learning process on new
forms of interaction on an educational future oriented to personalized teaching for the students, and
new evaluation and teaching processes for each professor.

Keywords: intelligent systems; virtual education; educational data mining; data cleaning; machine
learning; learning analytics; dashboard; web analytics

1. Introduction

The incorporation of technology in different social spheres is bringing about relevant
changes to improve current processes. It is a fact that education is one of those areas where
technology has been introduced to improve educational processes and achieve greater
effectiveness in the teaching-learning process [1].

Augmented reality, robotics, artificial intelligence, big data, machine learning, and
the Internet of Things (IoT) are some examples of technologies that are, in fact, already
acting in the educational process, allowing new forms of student-teacher interaction to be
established, creating novel assessment processes, or providing analyzed information that is
relevant to educational decision-making [2,3].

One of the fields that has benefited most from the availability of new technologies is
the field of virtual education. Taking advantage of new forms of communication, education
has seen an opportunity for expansion and has turned to the implementation and use of
virtual educational platforms that enable the distribution of knowledge beyond the location
of an educational institution.

The use of intelligent systems in virtual education is not a new concept. As early as
2010, research was underway to incorporate intelligent systems into education through
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virtual reality [4]. However, the focus of the educational aspects of intelligent systems is
now on many more factors, such as the students and their use of the activities offered by
the new technologies [5].

As a background, and for further study of the subject, a recent survey is provided that
compiles the main existing documentation on intelligent educational virtual systems [6].

The aim of this paper is to show how an intelligent virtual educational system based
on data analytics has been designed to improve the efficiency of teaching and learning
processes being delivered virtually in primary education in developing countries. This
design of the intelligent system is carried out within the framework of the Telefonica Chair
“Data analytics for educational projects in vulnerable environments” that the Pontifical
University of Salamanca and the ProFuturo Foundation of the Telefonica Group maintain.

1.1. Intelligent Systems and Education

There is evidence that the education sector is increasingly migrating towards virtual
educational processes. The emergence of COVID-19 forced all educational institutions to
develop their training activities online, and this fact led to the detection of a new virtual
communication channel to spread its activity to a global world.

This move towards online teaching leads to substantial changes in institutional pro-
cesses and in the teaching—learning processes themselves. If institutions have to change
their structures to ensure the development of their online exams and efficient communica-
tion with their students, teachers now have a large amount of information at their disposal,
which needs to be filtered and organized coherently to achieve efficient learning [7].

This type of learning generates a large amount of data where the possible exploitation
enables the irruption of intelligent educational systems in the virtual environment, which
will result in fewer errors in the manual educational tasks or in the possibility of providing
personalized teaching more in line with the progress and knowledge demonstrated by the
students [8].

Intelligent virtual educational systems are not systems that will finish with the classical
teaching-learning process. These systems should be seen as a complement to the process
that focuses on improving the quality of learning through the automation and analysis
of available educational data [6], seeking to generate knowledge that can be used by
institutions or faculty in their strategic or teaching planning.

Its emergence in the area of education has been late in coming, but it is here to
stay thanks, according to [9], to the explosion in the use of mobile technologies and the
emergence of procedures capable of detecting the state of learning of students and the
characteristics of the contexts where they are developing.

These intelligent systems will make it possible to discover the behavior of students in
order to enable personalized teaching where each individual student can have the right
information at the right time and in the right place [5,10].

1.2. ProFuturo Foundation

The ProFuturo Foundation is a digital education program promoted by Telefonica
Foundation and La Caixa Foundation that aims to reduce the educational gap in the world
providing quality digital education aimed at enhancing the futures of millions of children
living in vulnerable environments in Latin America, the Caribbean, Africa and Asia [11].

Its educational proposal focuses the action on technology, in line with goal 4 of
the United Nations 2030 Agenda for Sustainable Development, using innovative digital
teaching-learning experiences to enhance the development of digital competencies for the
21st century.

It uses a proprietary platform with customizable educational resources, which are
adapted to the local learning context, and serves primary schools in more than 40 countries
with low socio-economic development indices or territories with low school enrolment.

Together with the learning platform, the different educational centers receive basic
technological equipment that allows them to access the platform’s contents: server, router,
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laptop, tablets, etc. The interaction idea is that students access the platform and play an
active role in the learning process through the principle of learning by doing. This digital
ecosystem allows the teacher to assess students continuously, and to personalize teaching
according to the progress of each student.

In this project, teachers are the key figure in the education system, as educational
guides for their students, and for this reason, they must have the necessary educational
tools for the development of their own digital skills and their subsequent use in the
learning process.

Through the platform, they are in a continuous period of training in the use of essential
digital tools for their application in the classroom or in the use of active methodologies that
foster digital skills and enable them to select educational content that is efficiently adapted
to the social context where they are.

1.3. Education & New Technologies

The irruption that new technologies are having in the educational field is making it
possible to infer a broad knowledge of the educational institutions functioning, the students’
behavior or the teachers’ teaching—learning process. The application of this knowledge to
the modification of educational processes or institutional structures will lead to a substantial
improvement in the training of individuals.

The virtual field is no stranger to this fact. The application of data mining techniques to
the vast amount of data from students’ virtual interactions has created the term Educational
Data Mining, which searches for patterns or inference rules among the stored records. A
generalization of this term is given by Learning Analytics, which extends the search for
patterns to the use of other analytical techniques such as statistics, classifications or decision
trees [12,13].

Another technology that has entered the educational field is Big Data. Its high potential
for action is underlined by the great possibilities of this field, focusing on improving
students’ behavior during face-to-face and virtual classes [14], and on identifying students’
educational priorities [15].

Their application, combined with Educational Data Mining or Learning Analytics
techniques, allows intelligent virtual educational systems to focus their action on educa-
tional aspects such as the improvement of the learning process, the analysis of the learners’
learning profile, or the ability to acquire the skills according to the tasks performed [16].

The latest technology to be incorporated into the field of education is artificial intelli-
gence, through its predictive algorithms implemented with machine learning techniques,
which allows the incorporation of automated processes that assist users in the decision-
making processes. In their operation, automated processes classify records by relationships
or related activities in order to detect similar personal patterns that can be extrapolated to
similar students [17].

These artificial intelligence techniques are also beneficial for teachers to improve their
interaction with students. The increase in the quantity and quality of communications
and the availability of strictly necessary information, selected by automatic procedures of
artificial intelligence, provoke an effective interaction that fosters students’ enthusiasm to
the learning process [18].

2. Dataset, Materials, and Methods
2.1. Dataset Source

The origin of the data that make up the dataset of the intelligent virtual educational
system comes from each of the educational centers that belong to the Profuturo educational
project, which means that the system has a set of heterogeneous data sources.

While the process of data collection is similar in all cases, the different circumstances in
each country (network connection, right communications infrastructure provision, culture
of action) and of each center determine the quality of the data collected.
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The implementation of the ProFuturo Foundation in these developing countries has
not stopped evolving, and new emerging countries are joining the education system
designed. In the beginning, countries such as Bolivia, Brazil, Ecuador, and Colombia were
the main data providers for the system. However, the Foundation’s expansion into the
Asian and African continents is now making it possible to increase the number of different
data sources [11]. Data are currently collected in 40 countries, which are reflected in the
map in Figure 1.

seeAAronas

Figure 1. ProFuturo map.

The intelligent virtual educational system in use captures data from all these sources,
and must undergo a transformation process to provide reliable data. This process is
developed in two stages, a data cleaning stage and a data conversion stage, which aim
to make the data available in a format that allows them to be analyzed by the algorithms
present in the intelligent system [19].

The analysis will work with homogeneous data records, highlighting the main fields
to be stored as those contained in Table 1.

Table 1. Main fields to be collected for each activity.

Field Description
Record Origin Educational center origin
Record Date Collection date
Record Subject Subject or type of content worked on
Activity Identification Code to identify the activity
Teacher Identification Code to identify the teacher
Student Identification Code to identify the student
Activity Duration Duration in minutes and seconds of the activity
Digital Resource Employed Digital resources used in the activity
Activity Assessment Result of the assessment of the activity
Comments Any further comments

The collection of this data in a common format will enable further processing of the
data by intelligent algorithms, in order to achieve, through data analytical techniques, a
knowledge that will allow decisions to be taken for a substantial improvement of education
in that country or area.



Electronics 2022, 11, 1487

50f17

Data

Collected

2.2. Data Cleaning Process

Within intelligent systems, there is a need to ensure the availability of reliable data to
work with, in order to avoid errors, both in the actions executed automatically and in the
results provided.

This need makes it indispensable to activate a data cleaning process that enables or
converts the ingested amount of available data into clean data ready to be processed by the
selected algorithms [20]. The actions of the data cleaning process can be implemented in
different ways. Duplicate data, incomplete data, missing types are some of the problems
that appear very frequently according to [21].

Studies acknowledge that the time spent on the data cleaning process consumes
between 50% and 70% of the data analytics processing time [22]. This has led to a search for
intelligent procedures, based on algorithms and statistical techniques, in order to automate
data cleaning tasks [23].

Applying this fact to the intelligent virtual educational system designed, the existence
of inhomogeneous data sources means that the sample presents an excessive level of noise
that causes a workload of around 60% of the total time spent.

In order to reduce this time, the focus has been on two areas of action: the origin of
the sample and the intelligent system, where data cleaning measures are established to
provide reliable data. At the source of the sample, in addition to the training received by
data handlers, automatic controls have been set up to respect the type of information to be
sent, the range of values or the absence of information. In the intelligent system, similar
images of the dataset have been created in order to observe the differences between them
and proceed to unification of samples. Furthermore, procedures based on the classification
of previous records have also been implemented to fill in missing data without distorting
the sample received.

This data cleansing and conversion process can be seen in Figure 2, which is a
consequence of adapting various existing data cleansing processes to the intelligent sys-
tem [24,25]:

Data Cleaning Identify Data Cleaning Data
Requirements DataFields Process Validation

Figure 2. Data Cleaning Process.

e Data Collected: Data collection should be done using automated procedures that
minimise the potential for errors to be transmitted. Forms should be created to assist
the data sender (students, teachers, or institutions) to rectify possible errors at source

e Data Cleaning Requirements: It is necessary to establish the requirements to be met by
the data within the intelligent system. Types, mandatory data, value ranges, presence
of information, unduplicated codes, and referential integrity are some of the aspects to
be determined.

e Identify Data Fields: The automatic procedures used in data cleansing need to be
matched to the fields being checked, in a way that each field to be recorded has its
own associated process.

e Data Cleaning Process: The data cleaning process activates the enabled procedures
for the detection and correction of data and filters and transforms the data into the
corresponding format, deleting duplicate, conflicting, incomplete or invalid data from
user interaction.

e Data Validation: Data validation is the final stage and is used to ensure that the dataset
is consistent, with high quality and in the necessary format prior to data processing.
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This data cleaning process will allow to increase productivity and lead to faster and
more efficient decision making, which will redound in a better functioning of the intelligent
virtual educational system in order to provide the relevant findings to the groups concerned.

2.3. Algorithms and Analytical Tools Selection

After the data cleaning and conversion process, the data is now in a format suitable
for the future application of algorithms and analytical tools. Among the wide range of
possible techniques to be used [26] the following, associated with artificial intelligence, big
data, data mining, or fuzzy logic, should be highlighted:

e Predictive models: They are data-driven models that, using statistical techniques,
predict an outcome [27]. Regression, clustering, Bayesian networks, or predictive
analytics are some of the techniques involved.

e  Machine learning: These algorithms enable academic institutions to make decisions
based on knowledge rather than intuition. Techniques such as artificial neural network
or support vector machine are some of the most commonly used algorithms [28].

e  Visualization: Visualization analytics tools help deliver knowledge in the format
demanded. In this analytical technique, it is worth mentioning the use of Principal
Component Analysis (PCA), which allows dimensionality reduction by projecting
onto a space while preserving the original distances [29].

e  Association rules: They are tools that create correlations to look for associations
between all datasets records [30]. They work in transactional mode and provide
insight into the patterns followed by students in their learning process.

e  C(lassification: It is one of the most commonly used techniques, which identifies and
assigns a category to a data collection within a context [31]. It uses decision trees,
clustering, neural networks, linear programming, and statistical technique.

e  Fuzzy Logic: Fuzzy logic techniques work with approximate values, rather than exact
values, where the range of values is between 0 and 1. This type of technique is often
used to make recommendations that can be adjusted to the learner’s profile to help
them improve their learning [32].

3. Designing the Intelligent Virtual Educational System

The design of an intelligent virtual educational system must incorporate not only the
automatic procedures inherent to an intelligent system, but must meet the requirements
that the educational area is demanding in the virtual environment. Personalization of
platforms and digital resources, technological analysis of stored data, activity monitoring
or feedback to improve the efficiency of the intelligent system are some of the aspects to
be incorporated.

This design should also include the technological aspects necessary to add the required
functionality to the intelligent system. Artificial intelligence algorithms, machine learning
techniques, agent technology, or the potential of Big Data or IoT, should be considered
when implementing the design.

Thus, the functionalities to be achieved by the system include the automatic acquisition
of all the educational transactions performed, its cleaning and conversion to a format that
allows the application of the selected algorithmic techniques and their interpretation to
generate usable results that can be applied to improve the teaching and learning process.

With these guidelines in mind, and considering some of the contributions to the design
of intelligent systems in the scientific literature [33-35], is presented the design of the
intelligent virtual educational system, which is structured in four fundamental subsystems.
The design sequencing can be seen in Figure 3.
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Figure 3. Intelligent virtual educational system design.
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Recommender systems. (S54)

3.1. Data Warehousing Subsystem

This subsystem is responsible for capturing and storing the data transferred from the
different developing countries. The process is activated when students or teachers interact
with any of the activities or educational resources available in the system and takes care of
recording the development of this activity or the use that has been made of the educational
resource available.

This data collection is performed automatically under the standard formats defined,
which contain the main information to be processed by the intelligent virtual educa-
tional system.

This data transfer is stored in several data entry tables that contain the multiple
records generated by the daily educational interactions of students in each of their subjects
and activities.

Based on these records, and before their final storage in the reliable storage space of
the intelligent system, a data cleaning and conversion process is required, according with
Section 2.2, to provide quality-assured data in a comfortable format in order to the data
analytical process can extrapolate certainties rather than uncertainties.

Two technologies are being used in this data warehouse: the MongoDB database, as
a NoSQL database, which handles the processing of unstructured data, and, on the other
hand, SQL Server is used as a relational database management system for the processing of
structured data.

This subsystem aims to provide reliable data to the analytical subsystem to avoid
the scope of erroneous analytical data and so, to be able to safely infer or focus data
relationships. Figure 4 shows graphically the description of the operation of this subsystem:
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3.2. Analytical Data Processing Subsystem

Once the process of collecting and storing information has been completed and the
reliability of the data is guaranteed, the intelligent system analytically processes all the
information using data mining techniques that facilitate machine learning.

Machine learning is an inductive process of knowledge that creates algorithms capable
of generalizing behavior and recognizing patterns based on available information or storage
records. Therefore, it takes as a basis for its training the experience provided by the different
activities carried out by the students and applies data mining techniques in a search of
recognizable patterns.

This subsystem processes the information by semi-supervised learning combining the
algorithms of supervised learning, which establishes a correspondence between inputs
and outputs, and from the unsupervised one, which works on a set of input records in
search of innovative patterns [36]. In this learning combination, it should be noted that
this intelligent virtual education system shows a greater predominance of unsupervised
learning over supervised learning.

Techniques such as classification, regression, clustering, decision trees, and neural
networks are activated in order to find stable relationships between data that allow inferring
new knowledge that can be applied by external agents to the intelligent virtual educational
system [37].

For the application of these techniques, a first selection of the available dataset is made
by setting up a dashboard, which is oriented towards an educational aspect to focus the
analytics. Sometimes this dashboard focuses on subjects, countries, teachers or educational
resources, which gives a great dynamism to the intelligent system that can analyze a set of
dashboards for different purposes.

This dashboard, which contains the activity performed in the intelligent educational
virtual system, is processed with the most appropriate algorithmic techniques. The choice
of these algorithms is dynamic and their application depends on the results provided by
the intelligent educational virtual system.

Some dashboards employ classification algorithms, which, based on past experience,
classify records through a complex system of values. The most commonly used algorithm
is the supervised machine learning algorithm Random Forest, which combines predictions
made by multiple decision trees, where each tree is generated based on the values of an
independent set of random vectors. In other cases, clustering techniques are used to group
the records according to the value of certain fields in order to establish homogeneous
samples. This subsystem uses the Agglomerative Hierarchical Clustering algorithm, which
takes the data belonging to a cluster as a starting point, by joining the closest data and
creating a cluster in a hierarchical format. Regression techniques also allow us to infer
values for empty fields based on accumulated experience. These regression techniques
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employ, also, Random Forest, that uses ensemble learning method, combining predictions
from multiple machine learning algorithms to make a more accurate prediction than a
single model.

Furthermore, the intelligent virtual educational system makes use of neural network
techniques that learn from stored records in order to establish a predictive model that can
probabilistically infer the classification or clustering of the collected records. The type
of neural network used is a feedforward multi-layer model with a single intermediate
layer, since multi-layer models with several intermediate layers are prone to over-fitting of
data and, given the high volume of data available, it would involve a very high computa-
tional cost.

Finally, it is important to highlight the use of machine learning algorithms to find
behavioral patterns in the fields of the records that can infer analogous knowledge among
students in order to incorporate such knowledge into the teaching and learning process.

Figure 5 shows the analytical subsystem with the dashboard created and the most
commonly used analytical techniques:
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Figure 5. Analytical data processing subsystem.

3.3. Monitoring Process Subsystem

Although the activities of analytical techniques infuse usable results and point out
possible unknown paths to follow, a monitoring subsystem is required to track the evolution
of the intelligent system and via monitoring controls, it can observe the progress of the
implemented teaching—learning process oriented to the acquisition of digital skills.

These monitoring controls aim to obtain data to assess the quality of the intelligent
system and thus implement measures to improve those aspects of education that are not
evolving as the institutions wish. Its implementation in the system must be done in an
orderly manner, in order to provide usable results in the intelligent system [38].

Teachers’ skills, the use of digital resources, connection times or connection failures,
are often some of the aspects to be monitored so that the intelligent virtual educational
system can take further actions to improve its performance [39].

Although there are so many possible monitoring controls to be implemented, the main
controls that are being monitored in the current system are as follows:

Time spent in each activity.

Average resolution time for each activity.

Number of accesses in absolute value for each activity.

Total number of activities by content area.

Ratio of participants completing training actions.

Number of technology solutions reporting data.

Median number of active users per technology solution offered.
Average number of incidences reported per educational center.
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Along with these specific controls, there is also the use of web analytics that are
responsible for searching and inferring a pattern of behavior in the students’ navigation
through the different activities and educational resources offered by the intelligent system.
Its purpose is to detect which activities are the object of students’ attention in order to
extrapolate them to the proposal of new or improved educational pedagogical activities [40].

These analytical techniques are of great help for the recommender system to establish,
through association rules, personalized processes based on previous experiences that allow
students to achieve the desired skills.

Figure 6 represents the different elements of the monitoring subsystem, where quality
controls and web analytics cohabit to generate results that must be interpreted by the
intelligent system to be sent to the recommender subsystem.

Quality
+

Results

¥

Control .
ontre Information for
+ Recommender
Web Analytics Systems

Interpretation

L J

53: Monitoring Process

Figure 6. Monitoring process subsystem.

3.4. Recommender Systems

Considered as an output subsystem, it is responsible for transmitting to teachers,
students and educational centers the recommendations developed by the intelligent virtual
educational system in order to be able to apply them in new iterations of the teaching—
learning process.

This subsystem elaborates the recommendations based on the data obtained in the
monitoring system and on the rules inferred as a recommender system. The inference of
these rules is in a continuous dynamic process, as the values of the monitoring processes
themselves are used in their refinement from the executed controls. This rules generation
takes place under two different recommender systems, depending on the filter used:

The content-based filtering recommender system recommends users who have made
use of an educational resource, new educational resources with similar content or grouped
in the same subject in order to go more deeply into the subject. It also provides teachers
with new assessment or learning procedures, which have been obtained from the clustering
detected by the intelligent system [41].

The recommender system based on collaborative filtering uses the didactic resources
or learning procedures that a person has used, for recommendation to persons who have
previously had access to the same resources. This system is based on the similarity between
users and filters according to the intelligent system’s classification of users based on
detected preferences [41].

Along with these recommender systems, there are other recommender systems based
on hybrid methods [42-44], where they take as a reference the experiences of activities
based on existing records.
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In its execution, the subsystem uses visualization and fuzzy logic techniques to rec-
ommend the activities or educational resources to be used to improve the efficiency of the
teaching-learning process. Thus, visualization techniques make it possible to visualize,
in certain groups, which activities tend to achieve the established skills and which other
scattered activities do not tend to achieve these skills.

Figure 7 shows how the monitoring subsystem provides the information input and
how the recommender systems deliver new guidelines to the different actors involved.

CONTENT-BASED FILTERING

READ BY
USER

=%

- —» Teachers
Information for L D
Recommender o i omroe enremme > Students
Systems T

" E ’_i'__:\ — |nstitutions

WEAT WY HER
HEECMMENEED TG HIM)

54: Recommender Systems

Figure 7. Recommender systems.

4. Results

As a sample of the results offered by the intelligent virtual educational system de-
signed, we provide the results obtained in two dashboards whose respective objectives are
the analysis of the time spent using the applications and the teaching skills of the professors
to be evaluated. Each dashboard will provide a description of the dashboard, the analytical
results obtained and an interpretation by the intelligent virtual educational system.

The confidentiality agreement signed with the Telefonica Chairs reduces the sample
used to the minimum necessary to support results that can be presented. In addition, since
these two dashboards are focused on Spanish-speaking countries, the figures present the
text in Spanish to avoid manipulation. In any case, the text has an immediate correspon-
dence with the English terminology.

4.1. Dashboard 1: Application Usage Time

The knowledge about how students in schools are using the different digital resources
provided is a relevant circumstance that allows us to analyze the use made of these re-
sources. In this way, it will be possible to understand and examine the utilization of the
most commonly used digital resources and to analyze the reasons for the underuse of other
resources that have been practically discarded.

For this data analysis about the application usage time, a dashboard has been created
to visualize the use of the resources, which has been divided into three aspects: use per
month (Figure 8), use per country (Figure 9) and use per educational institution (Figure 10).
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This dashboard comprises activity records obtained from a variable sample of students,
with a potential number of 20004000 students. The variability of the students participating
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in the dashboard depends on the activities that the teacher deems appropriate to develop
using technological equipment and the students” own interest in its use.

From the graphs provided by the intelligent system, it is clear that Brazil is the country
that has made most use of the activities and educational resources available through the
platform. Furthermore, it can be seen that the time in which these activities have been
executed has been concentrated in February and March, being the most used resource the
technological solution “Ubbu”.

Likewise, it can be observed that there have been very few or no connections from
countries such as Peru and Mexico. This observation will allow us to focus our research
on the reasons for such low participation, whether it was due to the non-utilization of
available resources, or whether it was due to connectivity problems that did not allow the
storage of the records generated.

On the other hand, the data in Figure 10 allow us to distinguish the most active
schools from those that hardly use digital resources. Thus, improvement actions will
focus on the planning of activities or training courses to increase the participation of these
educational centers.

4.2. Dashboard 2: Self-Assessing Teachers’ Digital Skills

Assessing digital skills and their pedagogical appropriation by teachers is a corner-
stone for training teachers capable of transforming their pedagogical practice to underpin
high-quality education that meets the challenges of the digital era.

For this purpose, the Self-Evaluation Tool of Digital Skills for Teachers (developed
by the Centre of Innovation for Brazilian Education-CIEB- and adopted and adapted by
ProFuturo) has designed a dashboard, with the participation of 280 teachers from all
around the ProFuturo Foundation. In the dashboard we can visualise the assessment of
12 relevant skills for teachers, and the level that the teacher has reached in each of them.
To proceed with the analysis, the skills to be assessed are distributed, equally, in three
areas: pedagogical, digital citizenship, and professional development. Table 2 shows the
distribution of the skills to be assessed:

Table 2. Teaching skills areas to assess.

Area Skills
Pedagogical Pedagogical Practice
Personalization
Evaluation

Curation and Creation
Responsible use
Critical use
Safe use
Inclusion
Self-development
Self-evaluation
Sharing
Communication

Digital Citizenship

Professional Development

The assessment of these skills is executed according to a scale, which offers a scope of
five possible levels of appropriation that display the teacher ‘s progression through each of
these skills. These levels of appropriation are shown in Table 3.
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Table 3. Levels of appropriation.

Level of Appropriation Value Description

There is no use of technologies in the pedagogical

Exposure 1 practice, or the teacher requires support from third
parties to use them

The teacher begins to know and use technology in

Familiarization 2 his/her activities
Adaptation 3 Techn'ologles are use'd regularly am.tl can bfe 1'n.tegrated
into the planning of pedagogical activities
. The use of technology is frequent in planning the
Integration 4 activities and the interaction with the students
Transformation 5 The teacher uses technologies in an innovative way

Based on the records received from the teachers’ performance in their respective
subjects, the intelligent system analyses the information using a diagnostic tool and displays
the results in a dashboard with aggregated, anonymous, and nominal data and information
on the teachers” appropriation levels and use of technologies, in order to focus efforts on
improving the least developed skills. Figure 11 shows the skills section of the Teacher
Self-Evaluation tool dashboard:

ProFuturo paswsoaro

Competencias Evaluadas Filtro

PRACTICA PED/ e @ TRANSFORMACION
—_ . PERSONALIZACION I @ INTEGRACION o
EVALUACION T T @ ADAPTACION 90 onie
CURADURIA Y CREACION | | ® FAMILIARIZACION i
& USO RESPONSABLE | | ] EXPOSICION B @) Méx
£ CIUDADANIA USO CRITICC . . nstitucion
DIGITAL USO SEGURO _-.
NCLUSION | L L —

+

AUTOD

DESARROLLO AUTOE
PROFESIONAL

Resumen Competencias Escuelas + 4152014152rows  Omarked 4columns  Evalutation i e
Figure 11. Distribution of teachers in each skill in accordance with the level of appropriation.

This aggregated feedback can help guide public education networks, private edu-
cational organisations, civil society organisations, and other research and cooperation
institutions to the planning of continuous training programmes and courses to promote
the teachers” professional development. For example, the analysis in the figure shows that
most of the teachers who took the self-assessment test, can be placed at the familiarization
and adaptation levels.

It also shows that the teaching skills that have experienced the greatest transformation
are those related to self-development and communication, both grouped under professional
development. On the other hand, it can also be deduced that digital citizenship skills are
not very developed, as all of them are in the low range, with a value close to 50%. This
analysis has certified that the efforts to improve the teacher ‘s skills have to be focused on
the four skills related to digital citizenship with the aim of achieving, at least, the range of
adaptation or integration in the assimilation of these skills.
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5. Discussion

The increasing use of e-learning educational systems has led technology to move fast
into the education field, looking for improving the efficiency of virtual educational proce-
dures. In the beginning, this virtual education resided in learning platforms. Nowadays,
with the appearance of artificial intelligence and big data techniques, there is an approach
to intelligent virtual educational systems in order to take advantage of the large amount of
generated data.

In the references section, there are a lot of authors who show how clustering [27],
classification [31], machine learning [28], or data mining techniques [8,12,13,15] perform
analytical learning tasks [45,46] providing more useful knowledge to educational centers
heads to make decisions based on the reliable data generated by their students.

Although many of these techniques are already running properly, there are still some
future research that must be highlighted in order to improve an intelligent virtual educa-
tional system.

The need to adapt collection methods to each particular intelligent system, the thinning
and automation of data cleansing processes, or the optimal selection of datasets that
will be analyzed in order to find patterns or useful knowledge, are just a few aspects to
research. The creation of new forms of monitoring to improve intelligent system tracking,
the implementation of innovative visualizations, or the improvement of the effectiveness of
recommender systems, are other aspects to highlight for further research in our intelligent
virtual educational system.

Focusing on the students it is possible to look for the implementation of new forms of
assessment to allow them self-assessment or to help them make an accurate assessment of
all available resources, without the teacher’s intervention.

Finally, and meeting the needs of educational institutions, it is necessary to focus
research on a better integration of these intelligent systems with the different existing
learning platforms in order to reuse the large number of teaching resources that have
been developed.

There is no doubt that these intelligent virtual educational systems are here to stay and
give a new impulse and a radical change in the known procedures. The incorporation of
artificial intelligence techniques into learning analytics processes is still at an incipient stage.
Even so, it allows us to pointer an educational future with personalized teaching offering
each student, at any given moment, the digital resources they need to continue learning
the subject being studied, and each teacher will receive a new evaluation and teaching
processes that will allow them to check their students are acquiring the required skills.
Moreover, and just to finish the discussion, it is necessary to appoint that all these tasks
will have to be developed in these intelligent systems considering an ethical perspective to
preserve citizen privacy.

6. Conclusions

The main aim of this paper was to show the design of an intelligent virtual educational
system based on data analytics to improve the efficiency of primary education virtual
learning processes in developing countries.

This design starts collecting data, automatically, from different educational centers in
developing countries belonging to the ProFuturo program. Then, in an analytical way, the
intelligent system processes the transformed and cleaning data in order to generate useful
knowledge to infer new educational processes to be applied in primary education.

The intelligent virtual educational system is providing encouraging results that are al-
lowing us to focus the teaching-learning process on new forms of interaction. Furthermore,
through the recommendations provided, it will also help teachers to make better decisions
in the selection of technological tools and educational resources to work with.

Given the good performance of the intelligent virtual educational system, both, the
members of the Chair and the ProFuturo Foundation, are convinced that the research and
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the thinning of the algorithms will continue in order to obtain greater efficiency in the
recommendations provided to primary education in developing countries.
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