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Abstract

The teaching of modern physics at the school level has been a challenge that has not yet been overcome. Among
some of the difficulties are: lack of teacher preparation to address these issues; little or no transfer of conceptual
change; difficulty in making an efficient didactic transposition; low motivation for learning. Thus, in the
present work, we report the evaluation process on the incidence of didactic sequences based on the inverted
classroom (Flipped Classroom), in the learning of basic concepts of special relativity in eleventh grade students
(ages between 14 and 17 years old). The theoretical approach is based on the postulates of cognitivist and
constructivist psychological theories of learning. The methodology used was complementary, with a quasi-
experimental design with a control group, complemented with an analysis of emerging narratives on the
educational experience. Among the results found, the following stand out: it was evidenced that, through the
implementation of didactic sequences based on the gradual transfer of learning, the students demonstrated the
development of competences related to the learning of Modern Physics; which gives way to demonstrate the
need and the possibility of incorporating these topics in the national curricular designs.
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1. Introduction

Research on the teaching of Natural Sciences at
school has been generating enormous knowledge in
the last three decades, gaining strength in relation
to the didactic transformations necessary to
promote meaningful learning and the development
of scientific competencies in students (Gutiérrez,
2012). However, there still exist and persist
problems that underlie the teaching and learning of
Physics. In this way, it is highlighted that in
different studies, a scarcely encouraging
perspective is shown, regarding the acquisition of

competences for the level of understanding and
application of scientific knowledge in students,
which empowers them to: identify situations or
phenomena to be questioned; gather relevant and
pertinent information about what is observed;
explain such phenomena and draw conclusions
based on evidence; acquire and socialize new
knowledge  (Hinijosa and Sanmarti, 2013;
Elizondo, 2013). The educational practices carried
out, in a not minor number of cases, blur the
learning of science, understood as a need of human
beings to conceive and understand their world.
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Therefore, it is necessary to continue researching
on dissimilar ways to achieve the task of effective
learning.

2. Development

The Inverted Classroom, as a didactic strategy, is a
new way of carrying out the pedagogical practice,
in which students outside the regular class time,
read, analyze, study, observe, deepen, on certain
content provided by the teacher, allocating the time
of the meeting to promote other processes that
allow higher levels of deepening, such as:
discussion and implementation of the knowledge
acquired for problem solving; clarification of
doubts; debates; among other activities, which
stimulate the exchange of ideas and constant
feedback in an intersubjective manner among the
different actors participating in the process (Garcia,
Porto and Hernandez, 2019; Cedefio-Escobar and
Vigueras- Moreno, 2020). In the present work, the
implementation of this didactic strategy in the
teaching of Modern Physics was analyzed,
especially what refers to special relativity. Among
the fundamental topics studied were: Galilean
principle of relativity; Galileo's transformations;
Michelson-Morle experiment; postulates of special
relativity; and Lorentz transformations.

2.1 Theoretical framework
The following section contains the propositions
and arguments that support the proposal; it includes
the vision of authors who support the initiative and
the development of the conceptual axes involved.
In this sense, the notion of didactic
strategies is understood as useful tools that help the
teacher to communicate the contents and make
them more accessible to the student's
understanding. A didactic strategy is not valuable
in itself; its value lies in facilitating student
learning and in generating more pleasant and
conducive environments for training (Flores et al,
2017). It should not be ignored that didactic
strategies affect student motivation. If a learner is
apathetic to the strategy used by the teacher, he/she
will not be able to develop the competencies that
are intended to be formed (Benavides et al, 2020).
On the other hand, the term "Flipped
Classroom", or in free translation "Inverted
Classroom", is commonly associated with the work
of American teachers Jonathan Bergmann and
Aaron Sams (2012), who published a book in
which they disclose a way of inverting the

classroom, where the traditional oral presentations
of the teacher are replaced by videos to be assisted
by students asynchronously. The authors, through
the experience accumulated in years of illustrating
chemistry in high schools, seek to encourage and
help in the transformation of teaching practice.
Despite being a reference in relation to the inverted
classroom methodology, the authors themselves
emphasize that the term does not belong to any
specific teacher or researcher, and that several
existing methods could be characterized as forms
of classroom inversion.

Thus, the Inverted Classroom is an
alternative that seeks to take advantage of the
learning process from other perspectives. Thus, the
student is given more space and time to build and
deconstruct their knowledge, especially when it is
delivered in a common language: "technology".
Therefore, by having the classes in a digital format
in their hands, students can adapt to their own pace
and learning style. For his part, the teacher, in
addition to contributing effectively to learning
outside the classroom, has more time to respond to
the educational needs of students inside the
classroom, where he is no longer an essential
protagonist, but a guide and a designer of
environments conducive to meaningful learning
(Ibé&fez and Mufioz, 2019).

2.2 Problem statement

In different national and international studies, there
is a scarcely encouraging perspective in Latin
American countries, especially in Colombia,
regarding competencies for the level of
understanding and application of scholarship to
identify questions, acquire new knowledge, explain
phenomena and draw conclusions based on the
observation of scientific evidence. However, in
international tests, such as PISA (Programme for
International Student Assessment), which is a
study carried out by the OECD worldwide, and
which among its components evaluates these
competencies, scores have been obtained below the
average. This indicates the weak development of
scientific competencies by the population, a
fundamental factor to improve the quality of life in
general.

On the other hand, for more than a hundred
years there have been advances in the field of
physics, called modern physics. However, school
curricula in Colombia, for the most part, focus their
interest on the theories that were developed in
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physics until the end of the 19th century. Thus, it is
necessary to emphasize that, with few exceptions,
the contents of modern physics are not usually the
object of interest for teachers, directors and
members of the academic community of
educational institutions,  responsible  for
establishing the themes and curricula in the
different grades of elementary and middle school
in Colombia. Regarding this particular aspect
Grajales (2017) states that "... after a century of the
emergence of these theories, their incorporation
into school curricula and research around their
teaching remain marginal in the Latin American
context and, in particular, in Colombia" (p. 9). At
the same time, in various contexts, some scientific
terms are used arbitrarily in order to capture and
captivate a naive public of the advances in science
(Vicario and Venier, 2010).

3. Method

The study was fundamentally of an interventional
type, with a quasi-experimental design and a
control group. In the first part, a diagnostic test was
carried out to determine the state of development
of knowledge and skills related to the basic
concepts of special relativity. Then, didactic
interventions mediated by the flipped class, as main
units, were carried out. At the end of the
intervention, a post- test was performed for both
the experimental and control groups.

The target population was the eleventh
grade students (142). An intentional sample (non-
probabilistic) was drawn from them, by means of a
focus group of 16 students, taking into account
criteria of interest and motivation towards the

4. Results
In the first instance, a Shapiro-Wilk test was
applied to determine if the students' grades are

Table 1. Shapiro-Wilk test, normality check of the data.

learning of these concepts, as well as connectivity
and technological device to carry out the
synchronous meetings and their asynchronous
activities. The data collection techniques used were
the following: Test 1. Initial Evaluation; Test 2:
Final Evaluation; the test that was executed was
elaborated taking into account the SABER 11 test
booklets of the last 6 years. This was validated by
experts and by means of a pilot test, in which
Cronbach's alpha test resulted in 0.718.

The intervention program was carried out
taking into account the complexity of the topics and
seeking to analyze the degree of knowledge that the
students had in basic topics for learning special
relativity, this intervention was given through three
main phases, in which the classes and topics
programmed for each of them were developed. The
phases carried out are described as follows: Phase
1: in this phase there was a temporal disposition of
three weeks, in which the students were oriented on
basic concepts for the learning of relativity; Phase
2: This phase lasted four weeks. In this phase the
following topics were worked on: Galilean
principle of relativity; Galileo's transformations;
Michelson- Morle experiment; postulates of
special relativity; Lorentz transformations. Finally,
in Phase 3, which lasted three weeks, group work
was based on understanding, analysis and problem
solving, as well as the implementation of virtual
laboratories. In this aspect, the process carried out
during the intervention time (10 weeks, 3 hours per
week) was basically inspired by the philosophy of
gradual transfer of learning control (Iriarte and
Florez, 2019).

normally distributed in the two evaluations applied.
The hypothesis system is as follows: Ho: The
grades are normally distributed; Hi: The grades are
not normally distributed.

Normality test

Shapiro-Wilk
Grade and group Statistician al Sig.
Pretest Experimental -~ g6 16 811
Group
Control Group  ,931 16 ,735

a. Lilliefors significance
correction.

Source: Own elaboration using SPSS 21 software
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The analysis of the results shown in the tablel
establishes that the grades in the two groups are
normally distributed, since the p-value is greater
than 0.05, accepting the null hypothesis.
Therefore, it is necessary to apply a parametric
test to determine if there is any dependency
relationship between the grades obtained by the
students and the didactic strategy applied.
Similarly, the groups are equivalent in
age, for which the Kruskal-Wallis test was
performed, corroborating that age does not
present statistically significant differences (X"2=
1.745, p=0.781). The sex distribution (male and
female) did not present statistically significant
differences in the different groups (X~2= 0.745,
p=0.873). In addition, the environmental
conditions of the groups remain constant,

Table 2. Wilcoxon test, intra-group posttest contrast.

considering that the study was conducted in the
same institution and on the same day, these
characteristics ~ remain  unchanged.  The
classrooms are equipped with chairs, fans, acrylic
boards, televisions, among others.

After the application of the intervention
program carried out in the experimental group,
the analysis of the results obtained in the post-
test, compared to those obtained in the pre-test,
are shown. The purpose of this was to evaluate
the effects of the treatment. Thus, a Wilcoxon test
was applied for the intra-group analysis, which
allows establishing whether there were
statistically significant differences in each course
over time, after having developed the
intervention. The results obtained by applying
this test are shown in the following table.

Contrast statistic

Sign test
z Sig. asymptotic (bilateral)
Experimental Group -4,395 ,000 Experimental Group
Control Group -0,385 ,700 Control Group

Source: Own elaboration using SPSS 21 software.

According to Table 2, the p-value obtained when
applying the Wilcoxon test to the performances
shown by the students belonging to the control
group is 0.700 (p-value > 0.05), which
corroborates that they did not present statistically
significant differences between the application of
the diagnostic test and the posttest. The analysis
of the results obtained indicates that the students
of the control group did not advance in the
development of the learning of the basic concepts

of special relativity. The opposite of the
experimental group.

However, in order to establish whether
there are significant differences between the
results obtained in each of the groups, the Mann-
Whitney U test was performed. This test contrasts
whether two sampled populations are equivalent
in their position, to evaluate whether or not there
were effects on the dependent variable. The
results obtained are shown in Table 3.
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Table 3. Mann-Whitney U test, posttest contrast between experimental and control groups.

Contrast statistic

Mann-Whitney U

Grade and group

Statistician

Sig. asymptotic
(bilateral)

Experimental

Posttest vs. control 219,000

group

-4,897 ,000

Source: Own elaboration using SPSS 21 software

According to the above, there is a statistically
significant difference between the results obtained
in the final test. This corroborates the efficiency of
using the Inverted Classroom didactic strategy in
student learning.

5. Discussion

The work carried out corroborates the stipulations
of constructivist theorists, who state that the
implementation of group activities in meaningful
contexts better develops students' learning
processes (Piaget, 2000; Vygotsky, 1995;
Alcantara, 2009). Therefore, the use of an
intervention program based on the gradual
transference of control over learning, makes
students move from a heterostructural to a self-
structuring educational process (Pozo, 1998). In
this way, it was possible to promote cognitive,
procedural, metacognitive and self-regulatory
learning processes, from scenarios mediated by
ICT, specifically using the Inverted Classroom
(Aristizabal et al. 2016). In turn, it confirms the
stipulations of Rivera et al. (2009), who state that
the linking of learning, through various modalities,
manages to develop dissimilar competencies of a
scientific nature, which lead to the construction of
solid and meaningful knowledge, by the learners.
Similarly, we agree with Espinosa-Rios et
al (2016), who state that through the
implementation  of  different  forms  of
representation of the phenomenon, it is possible to
develop and strengthen dissimilar scientific skills
in students, such as: the appropriate management
of the variables studied; the comparison between
theoretical and practical data; the construction and
correct formulation of hypotheses; problem
solving; and the establishment of conclusions
based on the scientific concepts being studied. In
this way, beyond solving exercises or receiving
distributive classes, they compare the phenomenon

from different perspectives, enabling a better
understanding of it.

6. Conclusions

According to the objectives of the research, it is
concluded that the implementation of didactic
strategies based on the Inverted Classroom has a
significant impact on the understanding and
learning of the basic concepts of special relativity.
Likewise, the didactic strategy used is efficient for
the teaching of this subject, taking into account that
it links technological tools with a process of
gradual transfer of learning control (Mateos, 2001).
This transfer occurs according to the ideal that the
learner moves from a heterostructuring learning
process to a self-structuring one, without
neglecting co-structuring learning. In this way, the
realization of the phases carried out, allow to
achieve in a plausible way, the development of the
ability to learn to learn, on the part of the student.
It is recommended that teachers who guide the
subject of physics in the different institutions
include modern physics in their classes,
enlightening students on a different and little
known subject, thus motivating them to the study
of science and the search for new knowledge.
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