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AbSTRACT. This quantitative research aims to analyze the impact of audiovisual contents,
discussion forums and online evaluations in the blended learning modality through data science and
machine learning. The sample is composed of 106 students from the careers of Administration,
Commerce, Accounting, Marketing and Systems. The results of machine learning (linear regression)
indicate that audiovisual contents, discussion forums and online evaluations in the blended learning
modality positively influence the teaching-learning process. on the other hand, data science
identified 3 predictive models on the use of blended learning by means of the decision tree
technique. This research recommends the incorporation of the blended learning modality during the
planning and organization of school courses in order to develop the competencies of the students.
finally, blended learning represents an alternative to improve teaching-learning conditions in the
21st century through the performance of synchronous and asynchronous school activities.

RESUMEn. Esta investigación cuantitativa tiene como objetivo analizar el impacto de los contenidos
audiovisuales, la discusión en foros y las evaluaciones en línea bajo la modalidad blended learning
por medio de la ciencia de datos y el aprendizaje automático. La muestra está compuesta por 106
alumnos de las carreras de Administración, Comercio, Contaduría, Mercadotecnia y Sistemas. Los
resultados del aprendizaje automático (regresión lineal) indica que los contenidos audiovisuales, la
discusión en foros y las evaluaciones en línea bajo la modalidad blended learning influyen
positivamente en el proceso de enseñanza-aprendizaje. Por otro lado, la ciencia de datos identificó
3 modelos predictivos sobre el uso del blended learning a través de la técnica árbol de decisión. Esta
investigación recomienda la incorporación de la modalidad blended learning durante la planeación
y organización de los cursos escolares con la finalidad de desarrollar las competencias de los
estudiantes. finalmente, blended learning representa una alternativa para mejorar las condiciones
de enseñanza-aprendizaje en el Siglo XXI por medio de la realización de las actividades síncronas y
asíncronas.
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ICT.
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1. Introduction
nowadays, educational institutions face the challenge of restructuring the content of the courses through

technology in order to cover the needs and demands of the students (ocampo, gómez & Zambrano, 2015;
Solorzano & navio, 2019). Therefore, teachers seek, select and use various pedagogical and technological
models to develop competencies (daungcharone, Panjaburee & Thongkoo, 2019; han, Wang & Jiang, 2019;
Salas, Salas & Salas, 2019).

Universities are updating school activities and educational practices through technological tools to improve
the assimilation of knowledge and development of skills in the students (Chiecher & Melgar, 2018). In
particular, web applications and digital resources on the Internet allow the creation of innovative and useful
spaces for the educational field (Cavanaugh, hargis & Mayberry, 2016; hernández & Juárez, 2018; niekerk
& Webb, 2016).

digital tools, technological applications, web platforms, social networks and mobile devices are modifying
the behaviors and actions of teachers and students inside and outside the classroom (boelens, Voet & Wever,
2018; Salas, Salas, Salas & Vargas, 2019). In fact, educational institutions are promoting the use of Information
and Communication Technologies (ICT) in school activities to improve the teaching-learning process (Al &
Saeed, 2018; Thongkoo, Panjaburee & daungcharone, 2019).

In particular, the blended learning modality promotes the realization of school activities inside and outside
the classroom through technology (Ellis & bliuc, 2016; han & Ellis, 2019; harrison & West, 2014). for
example, students perform online assessments, consult teaching resources on the Internet and interact in
discussion forums (Pulham & graham, 2018; yamagata, 2014).

blended learning is transforming the functions of teachers and students during the organization and
realization of the educational process because this modality combines the characteristics of traditional learning
and online learning through the Internet and ICT (Chang, Shu, Liang, Tseng & hsu, 2014; hilliard & Stewart,
2019; Lukenchuk, 2016).

The main advantages of blended learning in the field of education are the flexibility of time and space
during the teaching-learning process (blaine, 2019; harrison & West, 2014). Likewise, this learning modality
increases motivation, improves academic performance and develops students' competences through the use of
technology in school activities (henrie, bodily, Manwaring & graham, 2015; Wang, Quek & hu, 2017).

Therefore, this quantitative research aims to analyze the impact of audiovisual content, discussion forums
and online evaluations in the blended learning modality through data science and machine learning.

The research questions are:

• What is the impact of the blended learning modality in the teaching-learning process through
audiovisual contents, discussion forums and online evaluations?

• What are the predictive models on the use of blended learning in the educational field?

2. blended learning
Educational institutions are promoting the incorporation of blended learning in school activities in order to

improve the assimilation of knowledge and development of skills through technology (boelens, Voet & Wever,
2018; han, Wang & Jiang, 2019; harrison & West, 2014). In particular, universities are increasing the use
of blended learning because this type of learning offers flexibility of time and space to students (boelens, Voet
& Wever, 2018).

The benefits of blended learning are the creation of innovative school activities through ICT, reduction of
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costs and development of competences in the students (Al & Saeed, 2018; harrison & West, 2014). for
example, the blended learning modality improved the teaching-learning process on grammar in English through
the performance of various asynchronous and synchronous activities on blackboard and use of videos,
presentations, audios, applications and open resources (Esparaza, Salinas & glasserman, 2015).

The flipped classroom is a type of blended learning where school activities are carried out inside and
outside the classroom (Wang, Quek & hu, 2017). Students consult different digital resources in their homes
such as videos, readings and digital presentations and carry out activities in the face-to-face session such as
discussion in forums, online assessments and collaborative work (Wang, Quek & hu, 2017). for example,
Salas (2018) proposes the use of the flipped classroom through the consultation of the audiovisual contents
before the class and use of the free dfd application during the face-to-face session to develop the
competences of the students.

on the other hand, blended synchronous learning offers space flexibility to students, allows immediate
feedback and increases motivation during the educational process (ocampo, gómez & Zambrano, 2015;
Wang, Quek & hu, 2017). In this modality, students can attend the classroom and interact from anywhere
through the technological and communication tools (Wang, Quek & hu, 2017; yamagata, 2014).

Several authors (e.g., Cavanaugh, hargis & Mayberry, 2016; Wang, Quek & hu, 2017; yamagata, 2014)
have used blended learning to improve the assimilation of knowledge and facilitate the development of skills in
the students.

Wang, Quek and hu (2017) implemented blended synchronous learning through videoconferences to
improve teaching-learning conditions and offer space flexibility. on the other hand, Cavanaugh, hargis and
Mayberry (2016) propose the use of Learning Management System such as Sakai and Moodle to perform
online evaluations and consultation of audiovisual content from any time and place.

blackboard platform allowed the organization and realization of activities in the blended learning in order
to train teachers in the topics on Learning Projects (ocampo, gómez & Zambrano, 2015). Similarly, yamagata
(2014) used the blackboard platform as a means of communication during the performance of various
synchronous activities (virtual meetings) and asynchronous activities (discussion forums).

In the field of chemistry, the blended learning modality improved academic performance and facilitated the
assimilation of knowledge about microscopic phenomena through digital games (hodges, Wang, Lee, Cohen
& Jang, 2018). In addition, online resources such as videos and digital readings facilitate the educational
process in the field of engineering (niekerk & Webb, 2016).

blended learning allows the collaboration among students and facilitates the search for information (Ellis,
Pardo & han, 2016). Similarly, Al and Saeed (2018) explain that the use of social networks and Learning
Management System tools favor collaboration and promote discussion in the forums.

Educational institutions can improve the organization of school activities through blended learning (blaine,
2019; Prasad, Maag, Redestowicz & hoe, 2018). In fact, this type of learning allows the planning of various
tasks inside and outside the classroom through technology to improve academic performance and develop the
skills of the students (niekerk & Webb, 2016; yamagata, 2014).

3. Method
This quantitative research aims to analyze the impact of audiovisual contents, discussion forums and online

evaluations in the blended learning modality through data science and machine learning.

The research hypotheses are:
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• hypothesis 1 (h1): Audiovisual contents in the blended learning modality positively influence the
teaching-learning process

• hypothesis 2 (h2): discussion forums in the blended learning modality positively influence the
teaching-learning process

• hypothesis 3 (h3): online evaluations in the blended learning modality positively influence the
teaching-learning process

data science allows the construction of the following predictive models by means of the decision tree
technique:

• Predictive model 1 on audiovisual contents in the blended learning modality and teaching-learning
process

• Predictive model 2 on discussion forums in the blended learning modality and teaching-learning
process

• Predictive model 3 on online evaluations in the blended learning modality and teaching-learning
process

3.1. Participants
The participants are 106 students who studied the careers of Administration, Commerce, Accounting,

Marketing and Systems in a Mexican university during the 2017 school year (See Table 1). These students took
various courses in the blended learning modality during the first, second and third semesters. The average age
is 18.98 years.

3.2. data analysis
This research uses the Rapidminer tool to analyze the impact of audiovisual contents, discussion forums

and online evaluations in the blended learning modality through machine learning (linear regression).

The Rapidminer tool allows the construction of 3 predictive models on blended learning (audiovisual
contents, discussion forums and online evaluations) by means of the decision tree technique. The information
about the student profile, blended learning modality and teaching-learning process is used during the
construction of these predictive models (data science). In addition, SPSS software allows calculating Pearson
correlation and Cronbach's alpha.

3.3. data collection
The data collection was done in a Mexican university during the 2017 school year. Table 2 shows the

measure instrument (questionnaire).
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Table 1. Participants. Source: Self-made.



Pock (2007) explains that the value of Cronbach's Alpha must be higher than 0.60 to cover the reliability
requirement. The variable of blended learning (Audiovisual contents, discussion forums, online evaluations
and Teaching-learning) presents 0.687 for Cronbach's Alpha. Therefore, the measure instrument
(questionnaire) covers the reliability requirement.

4. Results
below are the results on the impact of audiovisual contents, discussion forums and online evaluations in

the blended learning modality.

4.1. Impact of blended learning
Table 2 shows that Audiovisual contents (n=72, 67.925%), discussion forums (n=50, 47.170%) and

online evaluations (n=47, 44.340%) in the blended learning modality allow much the flexibility of time and
space. Also, synchronous and asynchronous activities in the blended learning modality facilitate too much
(n=60, 56.604%), much (n=43, 40.566%) and little (n=3, 2.830%) the teaching-learning process.

The results of machine learning (linear regression) with 50%, 60% and 70% of training indicate that
audiovisual contents, discussion forums and online evaluations in the blended learning modality positively
influence the teaching-learning process (See Table 3).
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Table 2. Questionnaire. Source: Self-made.

Table 3. Results of machine learning. Source: Self-made.



4.2. Audiovisual contents
Audiovisual contents in the blended learning modality allow too much (n=26, 24.528%), much (n=72,

67.925%) and little (n=8, 7.547%) the flexibility of time and space (See Table 2).

The results of machine learning (linear regression) with 50% (0.321), 60% (0.302) and 70% (0.200) of
training indicate that hypothesis 1 is accepted (See Table 3). Consequently, audiovisual contents in the blended
learning modality positively influence the teaching-learning process.

figure 1 shows the predictive model 1 on the use of blended learning (accuracy of 67.92%). for example,
if the student considers that audiovisual contents in the blended learning modality allow too much the flexibility
of time and space, has an age ≤ 19.5 years and attends the career of Administration then synchronous and
asynchronous activities in the blended learning modality facilitate too much the teaching-learning process.

Table 4 shows that the predictive model 1 identifies 18 conditions where synchronous and asynchronous
activities in the blended learning modality facilitate the teaching-learning process. for example, if the student
considers that audiovisual contents in the blended learning modality allow too much the flexibility of time and
space, has an age ≤ 19.5 years and attends the career of Commerce then synchronous and asynchronous
activities in the blended learning modality facilitate too much the teaching-learning process.

4.3. discussion forums
discussion forums in the blended learning modality allow too much (n=52, 49.057%), much (n=50,

47.170%) and little (n=4, 3.774%) the flexibility of time and space (See Table 2).
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figure 1. Predictive model 1 on the use of blended learning. Source: Self-made.

Table 4. Conditions in the predictive model 1. Source: Self-made.



The results of machine learning with 50% (0.387), 60% (0.458) and 70% (0.453) of training indicate that
hypothesis 2 is accepted (See Table 3). Therefore, discussion forums in the blended learning modality
positively influence the teaching-learning process.

figure 2 shows the predictive model 2 on the use of blended learning (accuracy of 81.13%). for example,
if the student considers that discussion forums in the blended learning modality allow too much the flexibility
of time and space, has an age > 21.5 years and attends the career of Administration then synchronous and
asynchronous activities in the blended learning modality facilitate too much the teaching-learning process.

Table 5 shows that the predictive model 2 identifies 14 conditions where synchronous and asynchronous
activities in the blended learning modality facilitate the teaching-learning process. for example, if the student
considers that discussion forums in the blended learning modality allow too much the flexibility of time and
space, has an age > 21.5 years and attends the career of Commerce then synchronous and asynchronous
activities in the blended learning modality facilitate too much the teaching-learning process.

4.4. online evaluations
online evaluations in the blended learning modality allow too much (n=55, 51.887%), much (n=47,

44.340%) and little (n=4, 3.774%) the flexibility of time and space (See Table 2).

The results of machine learning with 50% (0.649), 60% (0.636) and 70% (0.575) of training indicate that
hypothesis 3 is accepted (See Table 3). Therefore, online evaluations in the blended learning modality
positively influence the teaching-learning process. figure 3 shows the predictive model 3 on the use of blended
learning (accuracy of 78.30%). for example, if the student considers that online evaluations in the blended
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figure 2. Predictive model 2 on the use of blended learning. Source: Self-made.

Table 5. Conditions in the predictive model 2. Source: Self-made.



learning modality allow too much the flexibility of time and space, has an age ≤ 20.5 years and attends the
career of Marketing then synchronous and asynchronous activities in the blended learning modality facilitate
too much the teaching-learning process.

Table 6 shows that the predictive model 3 identifies 17 conditions where synchronous and asynchronous
activities in the blended learning modality facilitate the teaching-learning process. for example, if the student
considers that online evaluations in the blended learning modality allow too much the flexibility of time and
space, has an age ≤ 20.5 years and attends the career of Administration then synchronous and asynchronous
activities in the blended learning modality facilitate too much the teaching-learning process.

finally, Table 7 shows that the most significant relationships of the Pearson correlation are located in
Teaching-learning/online evaluations (0.616) and online evaluations/discussion forums (0.579).
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figure 3. Predictive model 3 on the use of blended learning. Source: Self-made.

Table 6. Conditions in the predictive model 3. Source: Self-made.

Table 7. Pearson correlation. Source: Self-made.



5. discussion
Several authors (e.g., Esparaza, Salinas & glasserman, 2015; Vaughan & Cloutier, 2017; Wang & huang,

2018) state that the blended learning modality allows improving the educational process through digital tools,
web platforms and applications. In particular, the use of audiovisual contents in blended learning improves the
teaching-learning conditions (Lukenchuk, 2016; Salas, 2018; Wang, Quek & hu, 2017).

5.1. Audiovisual contents
The results of machine learning (linear regression) with 50% (0.321), 60% (0.302) and 70% (0.200) of

training indicate that audiovisual contents in the blended learning modality positively influence the teaching-
learning process. Also, audiovisual contents in the blended learning modality allow too much (n=26,
24.528%), much (n=72, 67.925%) and little (n=8, 7.547%) the flexibility of time and space.

The decision tree technique (data science) identified 18 conditions in the predictive model 1 with an
accuracy of 67.92%. for example, if the student considers that audiovisual contents in the blended learning
modality allow too much the flexibility of time and space, has an age ≤ 19.5 years and attends the career of
Administration then synchronous and asynchronous activities in the blended learning modality facilitate too
much the teaching-learning process.

5.2. discussion forums
blended learning uses discussion forums to improve asynchronous and synchronous communication

between teachers and students during the educational process (Lyons & Evans, 2013; Pulham & graham,
2018).

The results of machine learning with 50% (0.387), 60% (0.458) and 70% (0.453) of training indicate that
discussion forums in the blended learning modality positively influence the teaching-learning process. Also,
discussion forums in the blended learning modality allow too much (n=52, 49.057%), much (n=50, 47.170%)
and little (n=4, 3.774%) the flexibility of time and space.

data science identified 14 conditions in predictive model 2 with an accuracy of 81.13%. for example, if
the student considers that discussion forums in the blended learning modality allow too much the flexibility of
time and space, has an age > 21.5 years and attends the career of Administration then synchronous and
asynchronous activities in the blended learning modality facilitate too much the teaching-learning process.

5.3. online evaluations
Likewise, online evaluations are used in the blended learning modality to offer flexibility of time and space

to students (Cavanaugh, hargis & Mayberry, 2016; Pulham & graham, 2018).

The results of machine learning with 50% (0.649), 60% (0.636) and 70% (0.575) of training indicate that
online evaluations in the blended learning modality positively influence the teaching-learning process. Also,
online evaluations in the blended learning modality allow too much (n=55, 51.887%), much (n=47, 44.340%)
and little (n=4, 3.774%) the flexibility of time and space.

The decision tree technique identified 17 conditions in the predictive model 3 with an accuracy of 78.30%.
for example, if the student considers that online evaluations in the blended learning modality allow too much
the flexibility of time and space, has an age ≤ 20.5 years and attends the career of Marketing then synchronous
and asynchronous activities in the blended learning modality facilitate too much the teaching-learning process.

finally, asynchronous and synchronous activities in blended learning facilitate the development of
competences in students (bower, Lee & dalgarno, 2017; diep, Zhu, Struyven & blieck, 2017; niekerk &
Webb, 2016).
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6. Conclusion
blended learning represents an alternative to improve educational conditions through the organization and

implementation of asynchronous and synchronous activities. In particular, audiovisual contents, discussion
forums and online evaluations positively influence the teaching-learning process. In fact, the results of machine
learning (linear regression) with 50%, 60% and 70% of training exceed the value of 0.190.

on the other hand, the decision tree technique (data science) identified 3 predictive models on the impact
of blended learning in the teaching-learning process with the accuracy greater than 67.90%.

This research recommends the incorporation of the blended learning modality in school activities in order
to build new virtual spaces for learning. In addition, the Rapidminer tool allows the calculation of machine
learning and construction of predictive models (decision tree technique).

The limitations of this study are the analysis of audiovisual contents, discussion forums and online
evaluations in the blended learning modality during the educational process. Therefore, future research can
assess the impact of digital games, social networks, educational platforms and web simulators on school
activities.

The implications of this study are the importance of the blended learning modality in the educational field.
According to the participants, the audiovisual contents, discussion forums and online evaluations facilitate the
flexibility of time and space during the teaching-learning process. 

finally, blended learning is transforming the functions and behavior of teachers and students in the
educational process through the creation of innovative and creative spaces for learning.
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