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Abstract

With the development of technology, with young people being the biggest consumers of it, the learning activity takes on
different methods and approaches. Among these approaches, we can talk about virtual learning using learning
management systems and the concept of flipped classroom. The Moodle platform represents one of these systems. In
this paper, we analyze the teaching-learning process based on an adaptive flipped classroom applicable to both hybrid
and virtual learning, which can be combined with the Moodle platform to provide students with content adapted to their
level of knowledge and skills. Relates the experience with the use of Physics simulation software in the university
environment, particularly applications of electromagnetism, optics and modern Physics. They are used as explanatory
teaching material or for students to interact with the software at home. In addition, the implementation of the flipped
classroom was carried out in the second year of the Industrial Engineering career of the regular daytime course
following the methodological process that was presented.
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1. Introduction

It has been shown that the flipped classroom [1-4] creates the ideal context to encourage the continuous study of
university students, increase their involvement in class and improve the achievement of learning results and therefore
increase their academic performance in those subjects in which this teaching model is put into practice. Putting the
flipped classroom into practice in the subjects and designing the way to do it in a specific unit is the fundamental
objective of this work, as well as exposing the methodological foundations and recommendations for a successful
implementation of this model in university subjects. It will be shown how to implement this model in blended and online
teaching contexts through the use of the Moodle platform.

According to Peinado Rocamora [5], in the flipped classroom a high-speed learning effect appears, reflected in the
resolution of exercises and the acquisition of new skills. For Cedefio Escobar & Vigueras Moreno [6], Flipped Classroom,
inverted classroom, flipped classroom or inverted classroom, is a didactic strategy, a methodology that is characterized
by a way of teaching, brings greater emphasis to practice. Its philosophy is that the student learns anywhere and
practices in class, which is widely accepted in the company, business or education.

The importance of the flipped classroom lies in the fact that the contents are delivered in a timely manner to students
through a virtual platform so that the theory and concepts can be studied, in order to dedicate more time to practice in
classes. These materials are studied as many times as necessary, you can even consult the teacher and her classmates
through virtual social networks [7].
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The adaptive flipped classroom adds, to traditional teacher-student communication and the simple flipped classroom,
a return route from the students to the teacher through online questionnaires that serve to collect information on the
students' reactions to the materials sent. This two-way communication prior to class allows the teacher to adapt to the
needs of his students by focusing the use of time in the classroom on overcoming the difficulties detected after the initial
preparatory study. By analyzing the students' responses, the teacher receives feedback and can prepare examples that
allow students a greater understanding of those issues that generate the most important doubts and difficulties. By not
having to explain everything, but mainly the concepts that generate the most difficulty, the teacher has more class time
to dedicate to solving and discussing exercises and exam questions. The combination of face-to-face teaching with online
interactions produces a hybrid learning environment in which the information to be learned is initially conveyed along
with work instructions that guide students in a sequenced and organized manner to facilitate understanding of essential
ideas [8 ]. In the case of the adaptive flipped classroom, students interact with this information and answer questions
in questionnaires that provide feedback to the teacher about the degree of understanding achieved through the
preparatory study, the difficulties encountered and the doubts that have arisen. With the information received from the
students, the teacher checks that his students have read and understood the materials and, if necessary, redesigns his
class to focus on resolving the doubts that he has detected [9].

Today, simulation combines powerful mathematical and graphic engines that offer a sensation of reality, enhancing its
use in the entertainment industry such as video games, planning surgical interventions or for pilot training. In this way,
simulation not only allows studying the phenomenon, it also examines the performance of human beings when they
intervene in these phenomena, with the assurance that in a virtual reality the human being will not be affected by
adverse conditions. This fact becomes an unparalleled opportunity for the teaching of Sciences at any level, even more
so when an advantageous relationship can be forged with the use of new information and communication technologies.

2. Material and methods

2.1. Adaptive flipped classroom

The flipped classroom has its origins in active learning methods. Research from recent decades demonstrates that
incorporating active learning activities into classes improves the learning and academic performance of university
students in science, engineering, mathematics, and technological disciplines.

The flipped classroom begins a path of improvement and methodological evolution that is accelerated by the new
learning environment, since in this model communication with students is enriched, providing more feedback to the
teacher, which is very useful for them to continue innovating their teaching methodology. . [10]

In this case, the use of an adaptive inverted classroom methodology based on Just in Time Teaching is proposed (Fig. 1)
in which, based on the analysis of students' doubts, the difficulties to overcome and it is decided how to use class time
so that it can contribute to a greater understanding of the contents by the students. It is indisputable that the proposed
model is a very important alternative to take into account to leave once and for all the traditional ineffective, passive
and boring model for the student, and comfortable for the student and the teacher of the expository class. It's a win win
for everyone:

The methodology presented in Figure 1 consists of four steps that are described below:

e Transmission of the information to be learned and requests to carry out preparatory tasks and feedback on
their difficulties. Take into account, as far as possible, adding complementary materials and links to web pages
with content related to the topics to be discussed, since students prefer to have alternative sources of
information that allow contrasting different points of view.

e C(Collection of responses from our students: online questionnaires.

They must serve to:
e Stimulate study, preparatory work and reflection.

e Check and evaluate the preparatory study with reflective questions.
e Detect the most prevalent reactions and needs in the students, after studying the materials
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Figure 1 Adaptive inverted classroom methodology based on Just in Time Teaching

e Analysis of the students' responses and the teacher's reaction to focus the class on resolving what seems most
important to us.

o The answers are analyzed, preferably, with some technological tool in which we can have a global view
of the answers to each question as well as know the number of students who do not understand each
topic. In addition, it would be optimal to be able to label each type of doubt. (Alternatively, they can be
analyzed in spreadsheets that show us each student's responses in a row.)

o Each teacher must decide what seems most important to them after reading the doubts and needs of
their students.

o Enter: Free response and test questions, vignettes and cases for students to reason and discuss in pairs
or teams. Activities for students to apply, analyze, and reflect on what they do and learn.

e  Our adapted class proposal

o Focus on resolving doubts and concepts that are more difficult for our students to understand.
Incorporate example activities and complementary materials based on the doubts detected

o Do formative evaluation, practice solving cases, problems and exercises. (In which students or groups
of students respond using real-time response tools in the case of virtual teaching)

2.2. Moodle educational platform, as a tool for adaptive learning.

In order to do personalized learning, it is necessary to have adaptive technology. This means that the technology has to
make decisions based on what a specific student does in the subject (activities, resources, learning results,...).
Adaptability can be carried out based on the learning pace, the knowledge acquired or the profile of the students [11].
Although Moodle is not an advanced adaptive technology, it has adaptive characteristics that, if used intelligently by the
teacher, allow infinite possibilities. There are numerous works that have been carried out on the application of Moodle
as an adaptive tool. [12], [13], [14].

Moodle provides a software package designed to help instructors create and add quality content online. Allows you to
provide and share documents, tasks, questionnaires, etc. with students, it is a free open source project, which means
that users are free to download, use, modify and even distribute it under GNU terms. Provides the ability to create online
courses and integrate some extensions.

2.3. Simulations, as a resource.

Physics simulations are a computational system that aims to approximate reality; instruments and phenomena are
visualized. Numerical and graphic results are obtained, these being treated mathematically to obtain the objectives
pursued in the teaching planning of the subjects. Below we highlight some important advantages.

e Itbrings together and facilitates a greater number of students to carry out experiences, even if the student and

the laboratory do not coincide in space. The student accesses the laboratory equipment through a browser,
being able to experiment without any risk.
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e They reduce the cost of setting up and maintaining real practices and demonstrations, being an efficient
alternative, where the student simulates the phenomena to be studied.

e Itis a self-learning tool, where the student alters the input variables, configures new experiments, learns how
to use instruments, personalizes the experiment, etc.

e  Students learn through trial and error, without fear of suffering or causing an accident, without being ashamed
of doing the same practice several times, since they can repeat them without limit; without fear of damaging
any tool or equipment.

Simulation allows us to obtain a more intuitive vision of those phenomena that, when carried out manually, do not
provide sufficient graphic clarity. Its use gives rise to fundamental changes in the usual teaching process, which usually
begins with the mathematical model. The simulation in isolation has little didactic value; it must be immersed within a
set of multimedia elements that guide the student effectively in the learning process.

In teaching, simulations can be used either at a demonstrative level in theoretical classes, or in problem classes or
practical work. The teacher can also apply it to design exam problems. The planning of learning tasks for students is
proposed, which are designed as open and qualitative problems. In this way, the expected responses can be varied, and
the results obtained do not end in one or several numbers, but must contain comments and conclusions. This work
modality, which can be implemented in groups and be complemented with individual activities, is aimed at promoting
active learning, in which students make decisions, design simulated experiments and follow their own paths to reach
certain objectives that they set. . These tasks are significantly facilitated by the flexibility of the Moodle educational
platform.

3. Results and discussion

3.1. Implementation of the Proposal

The implementation of the flipped classroom was carried out in the second year of the Chemical Engineering degree in
the regular daytime course from Physics II, following the methodological process that was presented.

The execution of the activities in the subject is in accordance with current trends in the teaching of Physics [15], in
particular the sociocultural approach, the use of the experimental scientific method, the use of computational means,
and in the specific engineering the interdisciplinary approach and the contextualization of the content.

The set of teaching aids includes the use of the computer system, with more than 200 simulations to develop in the
different forms of teaching; simulations for mobile phones, tablets or laptops; demonstrative experiments; Power Point
presentations; the videos, among other variants.

The bibliographic base includes the proposal in the study plan, as support, books and complementary materials have
been prepared such as Optics Topics, Atomic Physics Topics, Nuclear Physics Topics and Physics Il Brochure. All these
texts are available on the Moodle Platform, which makes their use feasible; Students take advantage of the potential of
WiFi technology networks that operate on the university campus, various public places and their own homes.

From their workplace in the classroom or at home, with the help of their cell phone, the student can follow the teacher's
instructions; run the simulations corresponding to the class; consult texts, as is the case of the synthesis of contents that
appear in the complementary material called Physics Brochure I, in which the models, concepts and laws that are being
treated are found.

As an example, to guide learning in the Quantum Optics Topic, the student has the materials:

e  Physics Il Handout, which is a summary of the contents covered throughout the course, which includes models,
concepts, laws and theories; questions, solved problems and proposed problems.

e Selection of questions and problems from Physics II, whose function is to guide students' learning through
questions about models, concepts, laws and theories.

In the content corresponding to Nuclear Physics, the simulation was presented to the student (Fig.2, a)), Through this

simulation the student can deduce the nature of the components of the radioactive emission, by their behavior in a
magnetic field, experience carried out by Ernest Rutherford in his time.
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Figure 2 Examples of physics simulations

The simulation (Fig.2, b)) allows us to delve deeper into the properties of the radioactive emission, which is of great
importance for protection against radiation.

The simulation (Fig.2, c)) allows you to choose one of the radioactive series, while (Fig.2, d)) shows the emergence of
the uranium series, which allows you to appreciate the alternation of alpha and beta decays .

On the other hand, with the help of (Fig.2, d)) the student can verify the Law of radioactive decay and evaluate concepts
such as half-life, radioactive activity, etc. With the help of these simulations, the Physics Il Handout and the bibliography,
the student must answer the questions that the teacher formulates in an autonomous and independent manner.

3.2. Record of experiences with the use of simulations in the teaching-learning process of Physics II.

Six teams of two students were formed who had access to the physics course implemented on the Moodle platform,
which contained simulations implemented directly in the course; the Physics at School apk [16] and the reference
bibliography.

To corroborate the students' performance, the following parameters were used:

Number of questions answered; Interpretation of concepts, laws and graphics; Use of the simulations; Interaction with
other teams.

Table 1 Results of the experience

Teams | Question answered | Interpretation errors | Use of the simulations | Interaction with other teams
Team 1|12 Regular Good Bad

Team 2|16 Good Good Regular

Team 3|16 Regular Good Good

Team 4|11 Regular Good Good

Team 5|17 Good Good Good

Team 6|17 Good Good Regular
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It was found that it is possible to develop teaching activities that have the student as the protagonist, the student shows
a higher level of concentration, the speed of information processing depends on the individual characteristics of the
team members, an increase in student motivation, as well as a better understanding of the content and greater
development in solving problems, both theoretical and experimental.

The system allows simulations to be used to carry out virtual laboratories as training for real laboratories, to which the
Theory of Uncertainties can be applied, for which software can be used for the processing of experimental data.

4. Conclusion

The most important tangible result was the proposal and analysis of the introduction of simulations in physics courses,
taking into account the adaptive flipped classroom methodology based on Just-in-Time Teaching which allows students
to detect difficulties and decide. How to use class time to achieve greater understanding of the content. A strategy for
adaptive learning was presented, and the use of the educational platform Moodle is proposed, which reports progress
in student learning and allows adaptive and personalized feedback.

Further research is needed to achieve an introduction of ICT that really meets the expectations of a more constructive
and autonomous teaching-learning process that prepares students for ongoing training in this new era. The use of
software in teaching requires that the teacher knows perfectly the model that is used, its possibilities and limitations,
and has an opportunity to analyze and reflect on the methodological aspects of the application of these tools, in addition
to mastering the management of the environment with agility. In other words, to obtain the greatest benefits from the
introduction of computational methods to the teaching of Physics, a whole previous process of learning, elaboration and
planning by the teacher is required. The method addressed encourages students to become more involved in their
teaching-learning process.
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