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ABSTRACT

Any new trend in Educational Innovation creates many expectations about its impact on the teaching context. This happens with the Flipped
Classroom method, it presents numerous advantages: personalized learning, increased active participation, meaningful learning, autonomous
learning, motivation, among others. This work collects the experience of applying the Flipped Classroom Method from 2012 up to the present.
An analysis of the empirically demonstrated impact of this method on student learning is carried out. The outcome of this work is the real
impact of this method in three educational environments: theoretical classes, practical classes, and teamwork competence.
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1 Introduction

The Flipped Classroom method can be summarized with the phrase “the lesson at home and the homework in class” [1]. This idea is what
has originated the name since the usual place where the “lesson” and “homework” activities are carried out is inverted. Usually, the lesson
is taught in class and the homework is done at home. Thus, the order and sequence of activities is maintained. but not the place.

In the traditional model, the lesson takes place in the classroom, but the students are usually in a passive attitude [2], they pay attention
to the teachers and take notes. The performance of homework (practical application of the concepts studied in theory) requires higher
cognitive activities and usually they do it individually at home [3].

In the Flipped classroom model, the students take the lesson at home (or outside the classroom) and do so with similar attitude to that of
the traditional model, for example, they watch a video in which the teacher teaches a lesson (in the same way that he would impart it in the
classroom), attend the video and take notes. However, during class, when doing homework, he does it with the rest of the students together
with the teachers, taking advantage of cognitive abilities to do them in a cooperative, participatory way and under the tutelage of the
teachers. For this reason, the Flipped Classroom is considered an active methodology [4].

For decades, the advantages of taking the lesson prepared to class have been remarked. Therefore, the idea of preparing the lesson at
home is not typical of the Flipped Classroom. What the flipped classroom does is take the lesson out of the classroom and replace it with
participatory activities and practical applications. For this reason, it is considered an active methodology [5].

The first published works [6, 7], in which the name of the methodology is defined, are based on the idea of removing the lesson from
the classroom and replacing it with various practical activities.

The Flipped Classroom method is a trend in educational innovation [8, 9, 10, 11]. When a method is a trend, it is in a phase of over-
expectations; In other words, more impact on learning is expected than it will actually have.



This article includes the research work on the application of the Flipped Classroom method that has been carried out in various
university subjects by the authors since the 2012-2013 academic year. This continuous work allows to have a vision of the real impact of
the model of a Flipped Classroom method called Micro Flip Teaching (MFT) [12].

2 Functional model

The common pattern of the first Flipped Classroom models was based on the students, prior to attending class, studying the lesson at home
(usually through a video that the teachers had recorded). In class, the first thing that was done was to answer the doubts of the students
regarding the lesson learned, encourage debates, and carry out practical activities derived from said lesson. Currently, this model is widely
used, but, functionally, it has a series of features that can be improved, both in terms of technology and methodology.

From a technological point of view, when these models were applied, the internet was not incorporated, therefore, it limited the actions
of the model:

e [fastudent had a question related to the “lesson at home”, he had to wait until he was in the classroom to do it or ask it in a
previous tutorship.

e The teachers could not obtain information, in real time, on the involvement of the students in learning the lesson.

From the methodological point of view, in the first works, situations that were a real barrier were detected:

e  For the method to work, all students would have to bring the lesson learned, or at least have studied it. This aspect is difficult to
achieve, especially if the students have to learn the lesson completely. In situations where students do not usually learn the lesson
in person, they will not learn it online either.

e  Between the phases of the lesson learned and the homework in class there was a disconnect that endangered the continuity of the
method. It could be seen as two independent methods, without methodological continuity.

Despite having methodological and technological deficiencies of the first models, they are still being used today. In 2013, the research
group developing the method called MFT [12]. This method tries to solve the deficiencies detected so far. New processes were
incorporated to both activities “lesson at home” and to the “homework in class”. Figure 1 shows the characteristic processes of the MFT
method in the home lesson and Figure 2 the characteristic processes of the MFT method for homework in class.
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Figure 1. Characteristic processes of the MFT method in the home lesson
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Figure 2. Characteristic processes of the MFT method for homework in class



2.1 Lesson at home

Following the workflow presented in Figure 1, we can say that:

e 1A. To make up for the difficulty of taking the lesson learned, the lesson is replaced by a small part of the lesson (micro-lesson).
This model has currently evolved incorporating personalized and adaptive learning methodologies.

e 2A. To make up for the disconnection between the phases and the passive attitude of the students during the lesson at home, the
students carry out a micro-activity of application of the concepts exposed in the micro-lesson. Micro-activities can be carried out
individually and in groups. The results (3A) of the micro-activity will be used as a learning link in the homework in class.

e 1P. To ensure that higher number of students carry out the lesson at home, dynamization activities are included.

e 1PA. A module is created so that students can ask or reflect on any activity carried out in the lesson at home.

e 2P. A new module is incorporated so that the teachers collect data on all the activities carried out in the lesson at home, in this
way they will have a “photo” of both the effort of the students to carry out the activities of the lesson at home and the learning
achievements obtained.

2.2 Homework in class

Related to the Figure 2 process, we can say that:

e Micro-activity results are incorporated as a connection and learning method. The teachers (or students) provide feedback on the
results of the micro-activities, both wrong and correct results. In this way, peer learning takes place in a similar way to that which
happens in case studies (both positive and negative cases). To catry out this activity, it is enough for the teachers to identify one
or two correct cases and as many incorrect ones. From them, work is done in the classroom.

e  The analysis of the results of the different activities that the student carries out is incorporated so that the teachers have a
common vision of what happened. For example, by reading the results of all the micro-activities performed, teachers can identify
common mistakes, the concepts acquired, the student's application strategy, among others. Currently, in this section of the
Flipped Classroom method, Learning Analytics and Big data are incorporated to facilitate the monitoring effort that teachers must
develop [13, 14].

e  Master-type lessons do not disappear. Micro-lessons are incorporated that complement the activities carried out in the lesson at
home and as a guide for carrying out practical activities.

e  Dynamization activities are incorporated: debates, promotion of questions, consultations, among others.

e  The practical activities are maintained individually or cooperatively.

3 Context

This work includes results of the application of the Flipped Classroom method in the degrees of the Polytechnic University of Madrid:
Mining Engineering, Energy Engineering and Biotechnology through the subjects "Computer Science and Programming" and
"Fundamentals of Programming", taught in the first course of the aforementioned degrees, respectively.
The research works were applied in three different learning contexts:
e  Theoretical lessons.
e  Teamwork competence.
e  Laboratory classes (laboratory practices),

4 Results

All the results have been obtained through the “quasi-experimental” research method where the innovation is applied in an experimental
group and, in another group, the control group, the innovation is not applied. It should be noted that for the contrast to be valid, in the first
place, it has been verified that the experimental and control groups are homogeneous. In other words, that one group does not have higher
learning expectations than others, for example, it has been verified that the university entrance grade is homogeneous, the number of
repeaters, gender, and age.

It has also been verified that the perception of learning is the same in the control and experimental groups (for example, the difficulty of
the subjects, the attention received by the teachers) and the hours dedicated to learning. This last point is important since in many works on
Flipped Classroom it is not specified whether the experimental group has had more hours of learning than the control group. For example,
the control group has only the classroom hours, while the experimental group has the classroom hours plus the lessons learned. Thus, the
experimental group would receive more hours of learning, which makes the comparison unfeasible. In this sense, in our investigations the
experimental and control group have had the same hours of learning.

Once the homogeneity in the contrast groups and results has been demonstrated, the results have been contrasted through measurable
indicators. In the case of theoretical classes, 3 sessions of 2 hours each, of the Flipped Classroom method have been held, which represents
25% of the total theoretical classes of the subject. Regarding teamwork, 5 sessions of two hours have been applied out of a total of 7, which
represents 71.5% of the learning destined to the acquisition of competence. Regarding the practical classes, an average of 10 sessions of 2
hours have been applied out of a total of 12, which represents 83% of the laboratory.



The results have been published in different articles and book chapters. The table is obtained from their analysis: 12 book chapters and /
or international congresses and 7 articles in JCR of Web of Science indexed journals. Table 1 shows the results of the investigation. The
first column collects the measured impact / the tool with which it was measured, the second column (if it has the x mark) indicates that this
impact was detected in the application of the method or Flipped Classroom to the theoretical classes. The second column, if it has the mark,
indicates that the impact was detected in the application of the Flipped Classroom method to the competence of teamwork. The mark in the
fourth column indicates that the impact was detected in the application of the Flipped Classroom method in the practical laboratories.

Table 1. Results of the study

Impact / measurement tool Theoretical ~ Teamwork Practical
classes classes

Retention of learning by using more cognitive abilities / “surprise” exam [12, 15], X X X

teamwork result [16], laboratory tests [17]

Positive assessment of the methodology / survey [12, 16, 18] X

Students create contents [16] that can be used as a didactic resource that is demanded by
students [19, 20] / contents creation

Peer learning [19, 20] / perception of the usefulness of the content created by the students. X X
Students can organize content so that organizational learning happens [20, 21] / evidence

Individual responsibilities of people who work in a team increase [18] / questionnaire, X X
evidence

The Flipped Classroom method can be considered as an active methodology [12, 18] and X X X

the students transform their role into a “producer-consumer” of contents [22] /

questionnaire, accomplishment activities

Feedback as an improvement in individual and collective learning [18, 23]and increases X X
demand [24] / questionnaire, evidence

Leadership action incorporates ethical and moral values [25] / survey, evidence

Interactions between students increase [12] / evidence

Debates increase [12] / evidence X
It allows the transparency of the learning process [26] / evidence

The Flipped Classroom model can be used as organizational learning (individual and

collective learning) [23, 27, 28] / evidence

The perception of complexity decreases [28] / survey

There is shared leadership [29] / evidence X

The Flipped Classroom method improves indicators applicable to any field and area of X X X
knowledge [17, 30, 31] / survey

PR R R
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5 Conclusions

The Flipped Classroom method was born to be applied to theoretical classes and, in this way, make them more active in terms of student
participation. The MFT Flipped Classroom method has shown that it can be applied not only to theoretical classes but also to the formation
of general competencies such as teamwork and fully practical classes, which by themselves are more active than theoretical classes.

In the three application models, it is highlighted that the students have a positive perception of the method, that high cognitive abilities
are used, which increase debates and the method is applicable in any area of knowledge.

In addition to the above, the MFT Flipped Classroom method in theoretical classes has managed to improve learning in knowledge that
requires deep learning. Likewise, students increase their active participation in the classroom, for example, in debates and transforming
their passive role into a content “producer - consumer” role, since they create and use those created by other classmates.

Both the teamwork method and the practical classes taught in laboratories are considered contexts of active student participation.
However, the application of the Flipped Classroom method has considerably improved the impact. Those already mentioned in a common
way are indicated below those that have only been detected in teamwork and then, those that have been detected jointly in teamwork and
practical classes.

Regarding the teamwork competence, it is the one that has had the most impact since it transforms the monitoring model of the same,
allowing continuous monitoring of the individual involvement of the students and the results of the group. The evidence detected
exclusively for this modality is detailed below. Leadership action incorporates ethical and moral values, reduces the perception of
complexity of the tasks to be developed and there is shared leadership. Interactions increase, also increasing the exchange of messages
between the group. Likewise, there are other evidence of impact that are shared with its application in the practical classes and that are
explained in the next paragraph.

Teamwork and practical classes share a set of evidence that focuses on content creation and management, peer learning, and individual
responsibility. Regarding content, more content is created, organized, and used by students, having the same bases as organizational



learning. Increases peer learning (since content is jointly created, shared, and used) and increases individual responsibility, mainly because
there is a transparent process of development, both in teamwork and in the collaboration of classes practices.
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