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ABSTRACT

Learning analytics is a method of measuring, collecting, analyzing and reporting
large volumes of data on apprentices in their learning contexts. The purpose is to
predict the potential educational problems that could arise, anticipate effective
solutions and, in this way, improve academic performance. Learning analytics
opens new opportunities to adequately evaluate new didactic strategies that
incorporate digital technology, such as the flipped classroom. A systematic review
was performed to identify the state of knowledge about the Learning Analytics
within the flipped classroom. The results suggest that: a) the use of Learning
analytics within the flipped classroom in the last year has increased; b) its use has
been addressed, indeed, to identify the learning behaviors of the students and to
evaluate the academic achievement; c) in the cases in which the learning analytics
was correctly applied, an improvement was obtained in academic achievement,
self-regulated learning, motivation for study, collaboration and participation
among students. However, the use of learning analytics has not yet been extended
as much as other traditional methods that have also evaluated academic
achievement within the flipped classroom.

RESUMEN

El andlisis de aprendizajes consiste en la recoleccién, medicion y andlisis de
grandes voltimenes de datos que generan los aprendices en sus contextos de
aprendizaje, y cuyo proposito es predecir potenciales problemas educativos que
podrian presentarse, anticipar soluciones efectivas y, asi, mejorar el
aprovechamiento académico. El andlisis de aprendizajes presenta
oportunidades inéditas para evaluar adecuadamente nuevas estrategias
didacticas que incorporan la tecnologia digital, como el aula invertida. Para
identificar el estado del conocimiento sobre este andalisis dentro del aula
invertida, realizamos una revisién sistemdatica. Los resultados sugieren que a)
ha aumentado el uso de este analisis dentro del aula invertida en el ultimo afio,
ante todo b) para identificar las conductas de aprendizaje de los estudiantes y
evaluar el aprovechamiento académico; c) en los casos que se aplicé de manera
correcta, el andlisis de aprendizajes si obtuvo una mejoria del aprovechamiento
académico, el aprendizaje autorregulado, la motivacién para el estudio, la
colaboracion y la participacion entre estudiantes. No obstante, el uso del analisis
atin no se ha extendido tanto como otros métodos que también han abordado el
aprovechamiento académico dentro del aula invertida.
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The use of digital technology in formal education has fostered new
educational models characterized by dissociating the space and time in
which professors and students used to converge. The most outstanding
examples are distance education, virtual education, hybrid education and
mobile education. One of the most challenging didactic strategies of these
educational models is the flipped classroom, since, in theory, it generates
more responsibility from the students to study using digital technology
(Escudero-Nahoén and Gonzalez, 2017; Madrid et al., 2018).

The flipped classroom develops learning processes outside the classroom
through digital technologies. One of its objectives is to optimize classroom
time by having students study at home and using the classroom time to
resolve doubts and putting into practice what they have learned. (Barral,
Ardi-Pastores & Simmons, 2018; Blau & Shamir-Inbal, 2017). To do so, the
flipped classroom integrates different digital applications allowing the
students to access the information easily and to manage it in a simple way
and process it collaboratively to obtain useful and meaningful knowledge
(Chen & Chen, 2015; Fernandez, Munoz & Delgado, 2018).

These digital applications are usually articulated on a knowledge
management platform such as Moodle, Blackboard, Webtc, Sakai or
Canvas. These platforms and digital applications make it possible for every
student to design his/her personal virtual learning environment (VLE).
This environment can be formally defined as the personalized use made of
the computer applications designed to facilitate educational
communication between participants of an educational process, whether
completely at distance or mixed. Such condition offers flexibility of
learning and contributes to foster learning communities (Rojas, 2015).

The consolidation of virtual learning environments (VLE) lead to the
analysis of learning currently defined as the process to obtain and interpret
a wide range of data collected of the students’ activities in order to assess
their academic advancement, predict their achievement and identify
potential educational problems (Rojas, 2017).

Some of the virtual learning environment characteristics are: studying
qualitatively and quantitatively the learning processes arising from the
interaction of users-students, containing basic components such as the
time the students spend on online activities, place where the students have
access to the virtual space and the characteristics of the group or
population; it is based on tools of network analysis; its analysis method
possess fundamental elements such as data collection, the analysis of
students’ data, the identification and resolution of students’ needs and
problems and the context analysis; and searches to improve the teaching-
learning process (Rojas, 2017).

The learning objectives are, among others to:
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Predict and understand dropout and academic achievement behaviors.
Model learning conducts (successful learning characteristics).

Identify individual and group progress with the students’ information.
Acknowledge and assess the elements of the learning process.

Analyze the dependent and independent variables of academic
achievement and virtual environments.

Map social interactions within the educational process.

Examine the discourse and its relation to local language, dialogues and
academic achievement.

Assess the pedagogical model or learning strategies and results expected
based on socio-constructivist theories (Ardura and Zamora, 2014; Rojas,
2017).

In recent years, systematic revisions of specialized bibliography on
learning analysis have been carried out; however, attention was drawn on
the analysis of the concept, its evolution, the application methods and the
best developed objectives. Until now, there are no systematic revisions that
identify which use has been more efficient and the results of this analysis
method in a specific didactic strategy such as the flipped classroom (Rojas,
2017; Vieira, Parsons & Byrd, 2018). In this regard, the questions that
guided this revision were: What has been the development of the learning
analysis within the flipped classroom in the last four years? At what level
and area is learning analysis used in the flipped classroom? What are the
main objectives in using the learning analysis within the flipped
classroom? What were the results in using the learning analysis within the
flipped classroom in comparison with other methods?

OBJECTIVE AND RESEARCH METHOD

The objective of this systematic revision was to identify the use of the
learning analysis within the flipped classroom in recent years in order to
obtain an update status of the question. We developed a sequential
explicative design characterized in a first stage by collecting and examining
quantitative data; subsequently, we collected and assessed qualificative
data. The mixed method occurs when the initial quantitative results
inform the collection of qualitative data. At the second stage, we
constructed on the results obtained in the first stage (Plano, 2019). In
order to comply with the foregoing, we conducted a systematic revision of
scientific literature.

The purpose of this documentary research method is to integrate in an
orderly manner the results of empirical studies on a specific research
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problem. The systematic revision is widespread as documentary research
in different areas of knowledge (Sanchez-Meca, 2010; Sanchez-Meca and
Botella, 2010). This revision process was carried out between July and
December 2018. In this process, we used two electronic databases: Scopus
and Science Direct, and these were developed into four phases.

Phase 1. Inclusion and Exclusion Criteria

The inclusion criteria were research papers published in the
Scopus and Science Direct databases between 2014 and 2018; papers
which title, abstract or key words included the terms “learning analysis”
and “flipped classroom”; papers on empirical research in the field of
education, papers published in Spanish or English.

The exclusion criteria were academic texts that were not the result of an
empirical research — i.e., scientific essays and academic text reviews -; and
books, book chapters, congress memoirs and systematic revisions.

Phase 2. Search Strategy

The research strategy considered two main fields: Learning Analytics and
Flipped Classroom. In both databases, the research was limited to the title,
abstract and key words.

Phase 3. Purifying Information

We obtained a total of 251 papers in both databases, 70 were duplicates,
hence, we carried out an initial revision of 181 articles in order to identify
the relevance of every one of them for the objectives of this research. This
initial revision dismissed 144 papers because they did not present any
empirical data. Lastly, we reviewed 37 papers.

Phase 4. Data Coding and Analysis

The analysis process was carried out quantitatively and qualitatively based
on the following categories:

Number of papers in which the learning analysis in flipped classroom
was applied.

Educational level in which the learning analysis in the flipped classroom
was applied.

The area of knowledge in which the learning analysis in flipped
classroom was applied.
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Objectives and purposes of the application of learning analysis in the
flipped classroom.

Results obtained after applying the learning analysis in the flipped
classroom.

RESULTS

In theory, the literature revised shows that besides the learning analysis,
the flipped classroom has been approached with other methods. Table 1
contains the authors that have used it.

Table 1. Authors that have used the learning analysis in the flipped classroom

1.
Gewerc, Montero & Lama, 2014

2.
Diaz-Lazaro, Solano & Sanchez-Vera, 2017
3.
AlJarrah, Thomas & Shehab, 2018
4.
Gelan et al., 2018
5.
Jovanovic et al., 2017
6.
Hsiao et al., 2018
7.
Hui, Mai & Kwok, 2018
8.
Lau et al., 2018
0.

Sedraz et al., 2018

Source: Self development.

Table 2 shows the studies that did not use this analysis and the method
they resorted to.

Table 2. Other methods used to analyze flipped classroom
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No. sl Method to assess inverted classroom
author
1. Asarta & Quantitative method with statistical test to
Schmidt, assess the academic achievement between a
2017 control group and a pilot group
2 Sli)}::rl;li&rl— Qualitative method to analyze students’ learning
Inbal, 2017 experiences and interpretations
)
3. Kim et al., Mixed method based on the framework of the
2014 Research Community
4. Yunglung et Mixed method under a holistic research
al., 2014 paradigm
5. MacDonald-
Hill & . . . .
Mixed method to identify the perception of
Warren- .
Forward, students on the flipped classroom
2015
6. Nazarenko,
2015 Mixed method to identify the perception of
students and teachers on the flipped classroom
7. Rose et al., | Quantitative method to measure the efficiency
2016 and interactivity of classes on video
8. Liebert et al., [Mixed method based on the quantitative analysis
2016 of a survey with Likert type responses and the
qualitative analysis of narrative responses
9. Desai et al., | Design method to demonstrate the viability of
2016 creating a web site integrated by medical
students
10. Bhuiyan et | Method of analysis of conglomerates and post
al.,, 2018 | hoc analysis to examine the consequences of the
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11. Dominguez |Quantitative method to measure the perceptions
etal., 2017 of pre and post intervention through the
flipped classroom perception instrument
12. Dominguez, | Quantitative method to measure the theoretical
Sanabria, y model on relations between the learning
Sierra, 2018 | atmosphere of the flipped classroom and the
learning perceptions.
13. Gadbury- | Quantitative method to examine the association
Amyot, between studying habits described by students
Redford & | and the active learning practices necessary for a
Bohaty, 2017 | meaningful learning in flipped/mixed classroom
14. Meloy Mixed method to analyze the students’
Sanchez, perceptions on the flipped classroom
2017 methodology
15. Wang, 2017 Exploratory method to know how the online
behavior affects achievement in the flipped
classroom
16. Yilmaz, 2017 |Quantitative method to explore the impact of the
electronic learning of the students on their
satisfaction and motivation in flipped classroom
17.  |Cochi, 2019 Informal post hoc experimental and statistical
method carried out on a control group and an
experimental group
18. Barral et al., | Quantitative method with the chi-square test to
2018 assess the learning of students belonging to on
an experimental group and a control group
19. Bakla, 2018 Mixed method to carry out an explicative
sequential study to identify if the material
generated by the students fosters active learning
20- S Sergis, Qualitative method based on the theory of self-
ampson & d .. . .
0 etermination to explore the impact of mixed
Pelliccione, . . .
5018 learning environments on the flipped classroom
21. Foster & Mixed method based on the survey, in-depth
Stagl, 2018 interviews and observation of students and
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Source: Self development.

The interest to assess the flipped classroom, whether with the analysis of
learning or with other methods, grows every year. Graph 1 shows that
during 2014, 2015 and 2016, there were only three articles per year;
however, as of 2017, the interest in assessing the flipped classroom
increased. Ten papers have already been published on this topic and, in

22, Mejia et al., |Quantitative, descriptive and transverse method.
2018. We used descriptive statistics to design an
assessment model through the integration of
immersive and at distance technology
23. Mohamed & | Almost experimental method with a pilot group
Lamia, 2018 | and a control group to implement the flipped
classroom as an element of the Internet of
Things. An intelligent tutoring system was used.
24. Munir et al., | Mixed method with statistical analysis and focus
2018 groups on the self-perception of cooperative
learning in the flipped classroom
25. Smith, Rama |Mixed method to provide students with practical
& Helms, skills of critical thinking, including with
2018 instructors with limited experience in the
teaching of critical thought
26. Sun, Xie & |Quantitative method based on the self-regulated
Anderman, |learning theory to examine the relations between
2018 the academic achievements and self-regulation
key constructs. The structural equation was the
method of analysis used
27. Valero et al., | The pilot study method that evaluates through
2018 satisfaction questionnaires and in-depth
interviews the perception of students on the
quality of learning before and after the flipped
classroom
28. Webel, Case-study method to understand the experience
Sheffel & of a professor who participated in a flipped
Conner, 2018 classroom for the first time. Interviews,
observation and content analysis were applied

2018, this figure increased to 18.
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Graph 1. Number of papers informing on the assessment of flipped classroom.
Source: Self development.

Number of papers applying the learning analysis in the flipped
classroom

We identified nine papers informing on the results of the research on the
application of the learning analysis to assess the flipped classroom
between 2014 and 2018. It was relevant that 28 papers cast research
results with another method to assess the flipped classroom (See Graph 2)
(said methods have been described in Table 2). Therefore, 24% of the
research applied the learning analysis to assess the flipped classroom in
comparison to 76% that did not.

= Analisis de los aprendizaje 24% Otros métodos de analisis 76%

Graph 2. Percentage of papers informing on the application of learning analysis
to assess the flipped classroom.
Source: Self development.

The results obtained when analyzing the same topic per year suggest that
the interest in applying the learning analysis to assess the flipped
classroom is growing. In 2014 a paper on this topic was published;
however, there were none in 2015 and 2016. In 2017, two papers were
published, and in 2018 the number of papers increased to six (See Table
3).
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Table 3. Number of papers informing on the learning analysis to assess
the flipped classroom per year

Source: Self development.

Educational level at which the learning analysis was applied
in the flipped classroom

In order to identify the level at which the educational level has been used
in this analysis, we made a simple calculation which results are shown in
Table 4. It is important to mention that no text give out information on the
application of this analysis at the level of intermediate education. Higher
education is the level most addressed at the educational level with seven
papers published. Among these papers, only one mentions the application
of the analysis at postgraduate level and one more on basic education. It is
also relevant in this case that more than one method was used to assess
the flipped classroom (these methods were described in Table 2). The
flipped classroom has been assessed most at higher education with
methods other than the learning analysis.

Table 4. Number of papers on the education level at which the learning analysis
in flipped classroom was applied

Bl Bachelor’s | Basic Not
. degree |education | mentioned
studies

Using learning analysis

to assess flipped 1 7 1 0
classroom
Other methods to assess
the flipped classroom

3 23 1 1

Source: Self development.
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AREA OF KNOWLEDGE AT WHICH THE LEARNING
ANALYSIS IN THE FLIPPED CLASSROOM WAS APPLIED

We have defined the areas of natural sciences, social sciences,
engineering/mathematics/computing, economics/finances and other
areas not mentioned as the areas of knowledge to which the analysis
mentioned above was applied. (See Table 5).

Table 5. Number of papers on the area of knowledge to which the learning
analysis in the flipped classroom was applied

Engineering/
mathematics/
computing

Natural Social
Sciences Sciences

Economics Not
/ finances | mentioned

Use of learning
analysis to assess the 1 1 4 1 2
flipped classroom

Other methods to
assess the flipped 11 6 4 4 3
classroom

Engineering/mathematics/computing are the areas of knowledge to which
the learning analysis in the flipped classroom were most applied; four
papers mention this process of analysis. The other areas have scarcely been
addressed. The use of methods other than the learning analysis to assess
the flipped classroom is evident (See the detailed description in Table 2).
The use of other methods is also highlighted in natural sciences and social
sciences.

OBJECTIVES AND PURPOSES OF THE APPLICATION OF THE
LEARNING ANALYSIS IN THE FLIPPED CLASSROOM

The objectives and purposes of applying the analysis aforementioned are
the following: evaluate the academic achievement, identify/analyze the
perception of the student regarding a course given in a flipped classroom,
evaluate/identify the students’ behavior in regard to learn, some research
presented more than two objectives; however, the research studying the
students’ perceptions and the academic achievement (See Table 6) were
most frequent.
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Table 6. Number of papers presenting the objectives and purposes of the
application of learning analysis in the flipped classroom

Assess
academic
achievement

Identify/analyze the | Assess/identify the purposes
students’ perception | students’ conduct

Objectives and mixed

Use of learning
analysis to assess the 4 o) 5 0
flipped classroom

Other methods to
assess the flipped 3 18 1 6
classroom

Source: Self development.

As we can notice, the main objectives and purposes of the application of
the analysis were to evaluate and identify students’ behaviors regarding
learning with five papers. The second objective and purpose alluded to the
assessment of the academic achievement with only four papers. The
objective and purpose of other methods to evaluate the flipped classroom
were stressed once again, more specifically by identify/analyzing the
perception of the students regarding the course in the flipped classroom,
with 18 papers (those methods are described in detail in Table 2).

RESULTS OF THE APPLICATION OF THE LEARNING
ANALYSIS IN THE FLIPPED CLASSROOM

According with the revised bibliography, the results obtained through the
application of the learning analysis in the flipped classroom can be
classified as follows: improves the academic achievement as well as self-
regulated learning, increases the students’ motivation/satisfaction in
regard to the course of flipped classroom, increase the collaboration/social
interaction in the flipped classroom, increases the participation of the
students, reduction of the time of in-class classes or of the time in class
with the teacher, and resistance to the change of traditional class to flipped
classroom. It is worth mentioning that some papers present more than one
of the results described above; thus, the total number of studies that used
the learning analysis is higher than nine, and those using other methods
exceeds 28 (See Table 7).
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Table 7. Number of papers informing about the results obtained after applying

the learning analysis in the flipped classroom

Source: Self development.

The tendency of using other methods for the learning analysis is
maintained in this area; however, the specialized bibliography informs
that the application of this analysis improves self-regulated learning
mainly. Likewise, progress was obtained in the academic achievement,
motivation and collaboration. All these areas are fundamental when
considering that the flipped classroom is a didactic strategy that, when well
developed, produces positive effects in the students.

Likewise, the specialized bibliography reveals that the results obtained
when using other methods to assess the flipped classroom highlighted the
students’ motivation/satisfaction, even though academic achievement,
motivation and satisfaction of the students were also addressed. The
scarcest result in both methods of analysis is the improvement in the
participation of the students. Nevertheless, we do not perceive an
important resistance to transform the traditional class in the flipped
classroom. In both cases, i.e., using the learning analysis and other
methods to assess the flipped classroom; the second positive result was the
improvement in self-regulated learning. This is significant since this type
of learning is valuable for people to design their personal virtual learning
environments.

DISCUSSION AND CONCLUSION
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Since the term “learning analysis” is recent, there is little specialized
bibliography on the application of this method in the flipped classroom.
Regardless that the development of the learning analysis in the flipped
classroom has been scarce until now, there is empirical evidence that its
use is drawing the attention of the academy.

Between 2017 and 2018, there was a considerable percentual increase of
research that applied this analysis. Higher education is the educational
level at which this analysis has been applied; the same applied to other
methods used to assess the flipped classroom. Even though the
bibliography does not mention the reason for which this educational level
has received more attention, the results are consistent with other studies
of information and communication technologies that indicate the reason
to conduct more research at the higher level. Researchers find it more
convenient to conduct empirical research in their work centers than move
to the facilities where basic or intermediate education is provided.

Engineering, mathematics and computing are the areas of knowledge in
which the learning analysis in the flipped classroom has been applied,
contrary to natural sciences and social sciences in which said analysis has
not been used. Even though the research reports do not explain the reason
for this situation, it is possible that it occurs because the plans and
programs of engineering, mathematics and computing are similar to the
learning analysis method.

The systematic revision has identified that other methods of flipped
classroom assessment have been used above all in natural sciences. This
makes sense since the flipped classroom arose in this area of knowledge,
more specifically in chemistry. The main objectives and purposes for
applying the learning analysis in the flipped classroom were to assess and
identify learning conducts and to improve academic achievement.

The objectives and purposes of measuring, colleting, analyzing and
reporting data of the apprentices and their context, are closely linked to
the learning analysis method, and they help in understanding and
optimizing learning. On the contrary, other methods of flipped classroom
assessment emphasized the identification/analysis of the perception the
students have regarding the class of flipped classroom. This makes sense
since these methods are qualitative, while the learning analysis is similar
to the quantitative data treatment.

The most outstanding results in applying this analysis in the flipped
classroom were the improvement in self-regulated learning and, by
extension, a greater students’ academic achievement. In contrast, when we
apply the traditional methods to assess the flipped classroom, we obtained
an increase in the students motivation/satisfaction. Once more, these
differentiated results, according to the method to assess the flipped
classroom, are understandable since the learning analysis method is
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similar to the quantitative data treatment, while other traditional methods
are similar to their qualitative treatment.

Even though the revised bibliography indicates resistance in developing
the flipped classroom, it is not important, and this resistance disappears
when the students and the teachers experience this educational strategy.
We must emphasize that perception studies of the flipped classroom have
been addressed from the student standpoint, and there are no studies
published on the perception of teachers. This shortcoming suggests that
starting and consolidating a line of research on this topic is lacking.

As a conclusion, we can assert that few authors have resorted to the
learning analysis in the flipped classroom. Even though the method is
recent, it is necessary to form new human resources for its application and
the interpretation of the results. This systematic revision identified that it
is necessary to encourage empirical studies that help understand how this
analysis could be used at the intermediate educational level since there is
no research report in this regard.

Likewise, it is convenient to start conducting empirical research to address
all the areas of knowledge and to propose procedures so the learning
analysis can measure and improve the perception of the teachers on the
flipped classroom. The main contribution of our systematic revision lies in
acknowledging that this analysis is a method that is drawing the attention
of specialists.

There is an abundance of other methods that address the flipped
classroom such as the mixed methods that combine the application of
surveys and focus groups. These latter have focused mainly in knowing the
opinions and self-perceptions of students and teachers on the experience
of having participated for the first time in a flipped classroom; however, it
is essential to design an assessment model of the flipped classroom. This
implies examining great volumes of data generated by the students in their
educational practice. Knowing their opinions on the flipped classroom
does not suffice since more empirical research allowing designing an
adequate assessment model of the flipped classroom is lacking.
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