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Abstract

Abstract. The research aimed to understand the State of the Question of
experimentation in Physics in the online context through events organized
by the Brazilian Physics Society and by the Brazilian Association for Distance
Education. For this, we analyzed 40 articles through two categories: “Didac-
tic tool: the potentials and limits that cross the use of the virtual and face-
to-face experiment in the teaching of Physics” and “Online teaching spaces
and strategies in the training of physics teachers”. We concluded that the
integration between virtual and real resources is the realm of face-to-face,
distance or hybrid modalities, constitutes as a way for the classes to be-
come more interactive, leaving the teacher to use them in the creation of
activities that expand collaborative actions in the classroom.
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Estado da Questéo sobre a Experimentacéo no
Contexto Online: o que Dizem os Eventos da Area do
Ensino de Fisica

Resumo

A pesquisa buscou compreender o Estado da Questéo sobre a experimentacdo
em Fisica no contexto online através de eventos organizados pela Sociedade
Brasileira de Fisica e Associa¢do Brasileira de Educacdo a Disténcia. Para isso,
analisamos 40 artigos por meio de duas categorias: “Ferramenta diddtica:
as potencialidades e os limites que atravessam o uso do experimento virtual
e presencial no ensino de Fisica” e “Espacos e estratégias diddticas online
na formagéo de professores de Fisica”. Significamos que a integracdo entre
recursos virtuais e reais no dmbito da modalidade presencial, a distdncia ou
hibrida, constitui-se como um caminho para que as aulas se tornem mais
interativas, cabendo ao professor utilizd-las na cria¢do de atividades que
ampliem as a¢bes colaborativas em sala de aula.

Palavras-chave: Experimentacdo. Ensino online. Estado da questéo. Ensino
de fisica.

1. Introduction

We have witnessed an accelerated technological development with the expansion of various digital
resources and interfaces, which has motivated numerous transformations in our society. Students and
teachers are constantly immersed in this so-called virtual world. In this sense, the teaching and learning
processes need to follow the transformations that have been taking place in our society, generated by
the development of technologies and media. In the area of nature science teaching, it is already possible
to perceive a movement of both teachers and undergraduates in order to integrate different tools and
technological resources into their practices.

Allied to this issue, we have the fact that for some subjects experimental activities still show themselves
as a challenge in thinking and doing when the subject refers to the online context. However, Heckler et
al. (2013, p.7) state that the “[...] operating in experimentation in online sciences is a way to overcome
insecurity regarding this appropriation and linearity of learning times.”

Transposing these challenges, the appropriation of technological tools characterizes a scenario that
goes beyond instrumentation and enables the study of nature phenomena on an epistemological level,
breaking with the idea of experimentation with an exclusive focus on proving theories, with the use
of watertight scripts. With this, we speak of an experiment that values research and has collaborative
environments as a means of problematizing and dialoguing about knowledge.

Thus, we explain that articulating experimentation and online teaching is emerging and that it presents
a series of discussions in the field of Education. Thus, the aim of this article is to understand the State
of the Question on experimentation in Physics in the online context in national and international events
in the areas of physics teaching and distance education. To this end, we held the State of Question in
the national events in the area of physics teaching organized by the Brazilian Society of Physics and an
international event organized by the Brazilian Association of Distance Education, in order to understand
what is shown about discussions on this topic in the Brazilian scientific community.
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2. State of the Question: The methodological path

For the realization of qualitative research, which aimed to understand what is shown about
experimentation in physics in the online context, we used the State of Question as research and analysis
methodology. This methodology aims, according to Nébrega-Thierren and Thierren (2004, p. 8): “Delimit
and characterize the (specific) object of investigation of interest of the researcher and the consequent
identification and definition of the central categories of the theoretical-methodological approach”. With
this, our research corpus took place in national events in the area of physics teaching, held by the Brazilian
Society of Physics (SBF) and an international event related to Distance Education held by the Brazilian
Association of Distance Education (ABED). Thus, three events were analyzed: The Research Meeting
in Physics Teaching (EPEF), the National Symposium on Physics Teaching (SNEF) and the International
Congress of Distance Education (CIAED).

The State of the Question “[...] it then configures the clarification of the position of the researcher
and his object of study in the elaboration of a narrative text, the conception of science and its epistemic
contribution in the field of knowledge” (NOBREGA-THIERREN; THIERREN (2004), 9). Thus, we focus our
gaze on the events mentioned above, in order to seek contributions to the theme in question. The period
of analysis of these events was 20 years, so the investigation occurred in events held from 2000 to 2019,
with the following descriptors: Online; Distance education; Experimentation; Experimental Activities;
experiment.

In this first movement of analysis, in the events that had the annals available, we found 263 articles.
These texts contained the descriptors in the title or in the keywords or in the summary. However, as our
object of investigation takes place around online experimentation in physics teaching, after a second
movement of analysis, that is, a careful reading of the selected writings, we noticed that some did not fit
the researched theme. With this, for the qualitative analysis, there were 40 articles left, which we present
in Chart 1.

Table 1: Articles selected by event with coding

Event Year Author(s) Code
SANTOS, J. S. dos; et al. A1
2017 GOMES, C,; et al. A2
EVANGELHO, B. V do; SANTOS, R. C. M. A3
SIM, A. A. do; MONTEIRO, M. A. A A4
XAVIER, A. P.; VERTCHENKO, L.; AMANTES, A. A5
MORO, F. T.; NEIDE, I. G.; VETTORI, M. A6
2015 IWAMOTO, H. K. S.; CAETANO, T. C,; SILVA, A. P. da A7
SILVA, J. C.; et al. A8
LEAL, A.C.da S,; et al A9
SNEF SALES, G. L.; LEITE, E. A. M; VASCONCELOS, G. H. L. A10
MONTEIRO, M. A. A,; et al. A11
SILVA, N. C. da A12
2013 DUTRA, L. de. M; BARROSO, M. F. A13
MONTEIRO, J. C. B.; et al. Al4
NEVES, J. A,; et al. A15
LOPES, R. P.; et al. A16
2009 PESSANHA, M. C.R.; COZENDEY, S. G.; SOUZA, M. de O. A17
2007 SILVA, T. da. A18
AGUIAR, M. S.; CASTRO, R. M. de A19
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2005 GAMA, C. F.; PAZETO, F.; COUVEIA, R. C. A20

SOUZA, G. L. de; et al. A21

2003 KOEHLER, L. F.; MAZER, H.; BRINATTI, A. M. A22

NEIDE, I. G.; GAMA JUNIOR, R. C. A23

2018 ALVES, N. F.; NEIDE, I. G. A24

PONTONE JUNIOR, R.; PAULA, H. de F. e A25

2016 SENA, M.; SILVA, R.; MARTINS, A. A26

CAETANO, T. C.; SILVA, A. P. da; MOREIRA, C. C. A27

2014 DUARTE, M.; JAMMAL, N.; JUNIOR, E. da C. A28

EPEF HEIDEMANN, L. A.; ARAUJO, I. S.; VEIT, E. A. A29
2012 AGUIAR JUNIOR. O; VILLANI, C. E. P. A30

SILVA, C. F. da; et al. A31

SILVA, M. J. V. T. da; ANGOTT]I, J. A. P.; MION, R. A. A32

2008 STEIN-BARANA, A. C. de M.; LOPES, D. P. M. A33

SILVA, T. da; BARROSO, M. F. A34

2004 CARVALHO, D. L. de; DUARTE, J. L. M.; PACCA, J. L. de A. A36

SCHUCK, A. F.; SERRANO, A. A37

2015 MOREIRA, R. M.; MANTILLA, S. P. S. A38

CIAED 2005 MENDES, M. A.; FIALHO, F. A. P. A39
2001 SOUZA, C. P. de; COSTA FILHO, J. T. A40

Source: prepared by the authors

In Chart 1 we explain the second movement of analysis performed, in which from the initial corpus we
highlight the articles that discuss in some way the online experimentation in physics teaching. With this,
we again carefully read the 40 selected articles in the search for relationships, in a categorization process.
According to NOobrega-Thierren and Thierren (2004, p. 11) “[...] it is precisely this process and the material/
text produced in this phase that provide the elements to identify and define the references and categories
essential to data analysis in the desired approach.”

In this perspective, with the categorization process we find two categories that express the relationships
of the analyzed articles, which are: “Didactic tool: the potentialities and limits that cross the use of the
virtual and face-to-face experiment in physics teaching” and “Online didactic spaces and strategies in the
education of physics teachers”. The distribution of the articles in these two categories is expressed in
Table 2.

Table 2: Distribution of articles by category

Didactic tools: the potentialities and limits that | Didactic tools: the potentialities and limits that
cross the use of the virtual and face-to-face cross the use of the virtual and face-to-face
experiment in physics teaching experiment in physics teaching

A1, A2, A3, A4, A5, A6, A7, A8, A9, A11, A12, A13, A10, A14, A17, A20, A24, A25, A29, A30, A31, A33
A15, A16, A18, A19, A21, A22, A23, A26, A27, A28,
A32, A34, A35, A36, A37, A38, A39, A40

Source: prepared by the authors

As shown in Table 2, the selected articles were distributed into two categories emerging from the
analysis. With this, we will discuss the results in which we perceive in the first category “Didactic tools: the
potentialities and limits that cross the use of the virtual and face-to-face experiment in the teaching of
Physics” a range of tools, didactic artifacts and methodologies addressed in different theoretical-practical
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contexts. We also seek in this category the potentialities and limitations, based on the experiences
reported in the studies, which involve the use of different forms of experimentation.

In the second category “Spaces and online didactic strategies in the training of physics teachers” we
will discuss how the initial and continued training of teachers requires spaces that allow the discussion,
reflection and debate of topics that permeate teaching, culminating in the improvement of practice and
consequently teaching and learning. Therefore, in the next topic we will bring these discussions permeated
in these themes emerging from the process of analysis of the State of Question.

3. Discussion of results

3.1. Online Teaching Spaces and Strategies in the Training of Physics
Teachers

Thinking about the formative spaces as pedagogical potential, experimentation can be an allied didactic
strategy in the context of the teaching of natural sciences, especially physics. In a perspective that goes
beyond the proof of theory in practice, it is necessary to assume in the subjects the role of developing
different skills, such as writing, observation, inquiry, proposition of hypotheses, analysis, among other
collective actions (COSTA and GALEGO, 2018).

In the context of continuing or initial training courses, which occur in the modality of online distance
education, we highlight, according to the work of A33, the promotion of the digital inclusion of teachers
who lack this, so that, in addition to providing the insertion in training spaces, constitutes a didactic tool.
During the training course, the realization of experimental practices of Physics by teachers in the early
years, from low-cost materials present in their homes, contributed to break with the idea that a Science/
Physics laboratory is only one consisting of sophisticated equipment. With this digital technology has
become allied in the socialization and expansion of knowledge, something still valid today. Thus, the
computer as a technological tool, in addition to strengthening teaching knowledge, benefits students,
since they will be involved with new proposals (OLIVEIRA and FREIRE, 2016).

Following the line of computers, but now focusing on software, in A17, itis observed that experimentation
in online distance education courses can be an alternative, avoiding resorting to face-to-face classes
to perform this type of activity. Through the Internet, software was used to conduct the experimental
procedure “light radiation and light and dark bodies”, allowing the control server to monitor users who
were out of university, both in the collection and sending of data. As it was exposed, there was the
possibility of users interacting connected to the system. In Hoffmann (2017), we understand that the use
of programs and software enhances the exploration of experiments, because through animation and
simulation, a phenomenon of nature is idealized. Thus, programs and software are also constituted, as an
experiment that uses scientific knowledge from technological development.

In some writings we noticed that the real experimental activities related to the use of computer
simulation, laboratory, audiovisual production and virtual activity appear as a didactic-methodological
strategy of mediation in physics teaching. Of these, in A29 it emerges that the emergence of virtual
laboratories should be seen as complementary to physical laboratories, in the sense that one should
not replace the other, but add as a resource available to the teaching of Physics and without prejudice to
learning. With this, itis essential to consider the objectives and claims of the teacher about the development
of his class, as well as the skills and competencies he would like to evoke in his students. In this sense, the
use of scripts “cake recipe”, which make it impossible to reflect on the content or excessively open, that
cognitively overload students or culminate in the arrival of a “right answer”, devoid of contextualization,

should be avoided.
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In favor of this, Tori (2010) emphasizes that the use of virtual resources can also be a support for face-to-
face activities, real and virtual experimentation, for example. Face-to-face classes with communication via
virtual learning environments or virtual resources, with the physical presence of a teacher, add potential
for cooperation between the virtual and the face-to-face, mainly by incorporating collaborative practices
that motivate and involve the subjects through digital communication technologies.

In this logic, the writing of A24, after bibliographic research investigated the integration of real and virtual
experiments as a methodological strategy for the teaching of Geometric Optics. It is worth highlighting the
scarcity of productions in this bias, mainly focusing on teaching the theme mentioned above, emerging only
the separate use of these strategies. However, the authors reinforce that the articulation of these activities
helps not only in the scientific development, but in the technological and cultural development of students.

Leiria and Mataruco (2015) infer that as methodological strategy experimental activities, real or virtual,
require pedagogical and epistemological foundation, in the sense that they provide a relationship between
the natural and artificial aspects that permeate a phenomenon, favoring the investigative spirit of the
students. Following this perspective, in the writing of A25 the focus of the study is on the frequency and
use of simulation applications about wave phenomena in a physics classroom of a technical high school,
as well as the relevance in activities mediated by other resources. It was observed that the applications
were allied to the use of mediational resources, such as experiments with manipulation of real artifacts.
We emphasize that similar importance was attributed by the teacher, who used them in an integrated way
and with the same frequency in the classes.

One of the studies present in A30 is the understanding of how supervising and licensing teachers
of a group of the Institutional Program of Teaching Initiation Scholarships - PIBID physics examine the
possibilities of using experimentation and simulation in the teaching of the area, from the experience in
the program. Before an Interactive Exhibition, the conception of the participants was not favorable to the
use of the simulation, because they believed they ran the risk of replacing the real experimentation with
a resource that could present limitations in the way of representing reality, something that later changed,
that is, in general the participants understood that both are distinct ways of seeing a phenomenon, but
subject to complementation. In addition, they constitute a mediational resource in the rescue of the
student as an active subject of their learning.

In the Research of A31, it is necessary to identify whether five public schools in the region of Rondbnia
use virtual and real experiments that favor a significant learning based on the context of the students.
For this, a survey was conducted with teachers, students and administrative education. On this occasion,
it was evidenced that most teachers do not integrate and resist the use of virtual pedagogical resources.
The schools, although deficient, present laboratory rooms of Science and Informatics, but are not linked
to the study and research in the area of Physics, demonstrating that the contents worked follow a more
traditional aspect. This resistance and insecurity presented by teachers regarding the use of virtual
technologies and resources, results from the lack of opportunity and training that allow them to reflect
and problematize in a detailed approach on situations of use, highlighting the benefits for teaching and
learning (OLIVEIRA; MOURA; SOUZA, 2015).

A20's research exposes that experimentation appears tied to the production of instructional experimental
videos in the context of the training of physics teachers, that is, students who participated in a scientific
initiation project entrusted with the production of audiovisual materials, aiming to make available to new
teachers who did not have experience with laboratories. With these activities, we noticed the intellectual
growth of the group, which had the instruction of the guiding teacher about lighting, framing, among other
aspects for such a production. With the discussion carried out in the research, it is explicit that the audiovisual
began to be seen as a tool that with sound and images captivates the student's attention and assists in the
teaching of Physics, increasing the possibilities of transporting it to situations of their daily life.

06 \ EaD em Foco, 2020; 11(1): e1371



PIREZ, D.R. M. et al.

Status of the Question of Experimentation in the Online Context: What do the Events in the Physics Teaching Field Say?

Pereira et al. (2011) mention that experimental demonstrations in audiovisual format are different
in relation to the traditional approach in the laboratory, since in this case, students can in a recursive-
reflective and non-linear manner, research, raise concepts, create the experimental situation, test, modify
and verify it whenever necessary. And even denoting the student’s responsibility during the production,
they should also count on the teacher guiding the process.

In A14, the focus is on the effects of the AVA on the motivation and learning of students of a public high
school regarding the physics discipline. In addition to the teacher using experiments, simulations, texts and
videos as a methodological strategy, he also used the forum tool in order to enable interaction between
students. These classes took place in the space of the school's computer lab, fortnightly, were interspersed
with face-to-face classes. It was concluded that most students considered that virtual activities contributed to
the understanding of the phenomena studied, as opposed to a minority, who had difficulties and found the
dynamics of online classes tiring, hindering their performance. In this work it is evident the importance that
the choice of learning tools and objects is made thinking about the scope of learning through the interaction
between students and teacher, and students with the objects and tools made available in the environment.

Heckler, Fazio and Ruas (2020) highlight that the emergence of web 2.0 permeated us by platforms,
virtual learning environments, interfaces / tools such as simulators, applications, videos, animations,
among other resources, showing us another side of the science laboratory. In this laboratory, the actions
in experimentation change, recounting more with the collaboration between the subjects, geographically
distant or not, who become co-authors in the process. When intended for the online context,
experimentation can also assume a collaborative and dialogical approach, and through web 2.0 interfaces/
tools, constitute a scenario that values collaborative mediation in the search to improve understandings
around the themes of study (HECKLER, 2014).

From the analysis performed, we verified the numerous possibilities of integration of virtual and real
resources that permeate the didactic strategies and the formative spaces of teaching with regard to
experimentation, not attributing greater importance to one or the other. Thus, whether in the online, face-
to-face or hybrid modality, the combination and cooperation of such resources and activities provides
opportunities to add what best constitutes them, so that they converge in the bias of interaction, collaboration,
dialogue and the exchange of knowledge, they will be fulfilling their role in teaching and learning.

3.2 Didactic Tools: The Potentialities and Limits that Cross the Use of the Virtual
and Face-to-Face Experiment in Physics Teaching

In this category, in addition to the didactic spaces and strategies, a discussion was made about the wide
variety of tools, didactic artifacts and methodologies, which are addressed in different theoretical and
practical contexts that will be discussed below. In addition to the identification and understanding of these
contexts, we seek the potentialities and limitations, based on the experiences reported in the studies,
which involve the use of different forms of experimentation.

The difficulty of students and high rates of disapproval (A17, A20), the use of methodologies aimed at
content exposure (A6, A17, A20), the memorization of formulas (A20), the lack of relationship of content
with daily life (A4) and the lack of motivation and interest in relation to physics (A27) are some evidences
pointed out by the authors that motivate them to reflect on the theoretical-practical aspects of physics
teaching. Another factor pointed out in the studies is the high degree of abstraction of physics contents (A5,
A19, A20, A23, A25, A37 and A38), thus, real experimentation, remote experimentation, virtual laboratories,
use of simulations and simulators as didactic tools emerge to potentiate and rethink teaching and learning
methodologies in Physics.
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It is interesting to affirm that the concern with physics teaching, its methodologies and teaching and
learning relationships are recurrent themes in education research in the national and international
scenario. In the latter, recent studies point to the lack of well-equipped laboratories (COFFIE; FREMPONG;
APPIAH, 2020; Souza, SOUZA, AXE; SANTQOS, 2020), the lack of interest of students and motivation
of teachers (SOUZA; AXE; SANTOS, 2020) as factors that continue to challenge teaching and learning
relationships in Physics. In Brazil, in addition to the reasons pointed out by the analyzed studies, recent
studies by Lima (2019) and Cardoso et al. (2020), discuss, in addition to infrastructure issues, the lack of
incentive to train the teaching professional to elaborate and carry out practical activities and, for this
reason, have difficulties in developing lesson plans that include these activities.

However, assuming the importance of conducting experiments in the teaching of Physics, the authors
point out reasons why there is still absence of these activities in the basic network and higher education,
they are: lack of infrastructure (A4, A14, A34), laboratory costs (A17, A39), duration of some experiments
(A34), lack of materials (A14, A34), insufficient teacher workload (A4) and lack of laboratory technicians
(A14). For these reasons, A12 approaches as an alternative the remote experiment in laboratories that
transcend the physical space of educational institutions, in their varieties and contexts.

In this sense, the use of didactic tools in the online context emerges as an important resource to
address these problems in relation to physics teaching. Some studies propose the use of experimentation
through virtual laboratories while others propose the use of remote laboratories. Remote laboratories
can be remotely controlled by the student, provided that the artifact offers the student an interface
that allows the experiment to be controlled remotely, without the student's face-to-face need in the
laboratory (AMARAL et al., 2011). We exemplify the use of remote laboratories by A40 when proposing
LabNet, which is a remote access laboratory that allows the realization of experiments via the Internet.
The proposal of remote experimentation over the Internet is also made by A7 with the use of Arduino and
interface construction assisted on a WebServer. Both point out as a potentiality the universalization of
the laboratory, with few resources, without the need to build various teaching materials. Also according
to Amaral et al. (2011), differently, students in virtual laboratories interact with models, representations
of the real laboratory environment made possible by computational representations of reality. Some
examples of these simulations will be presented in the following paragraphs.

Despite the unanimous conviction that the use of technologies for the teaching of physics and the
performance of experimental activities are important resources to improve teaching and learning
relationships, some authors point out weaknesses. A13, for example, expresses that the real laboratories
have a wider range of equipment and that the virtual experiment is solitary, considering that the
experimentation would take place between the user and the computer. In addition to the aspects related
to the handling of equipment, A39 states that there needs to be dosage in the use of simulator software,
also, because it is a system where there is total control of variables, avoiding damage and imperfections
and generating insecurity and indetermination in relation to real practical situations. Moreover, it points
out that the application of virtual tools replacing real experiments portrays only a generic situation of the
real situations. Therefore, the student would have a false idea of content domain.

Other weaknesses are pointed out by A28, in which he argues about the impossibility of manual
interaction between users and the experiment, stating that this lack can limit the understanding of the
observed phenomenon and, according to A38, would have difficulty transferring knowledge to other similar
situations. A5 and A14 find that the students’ difficulties are related not only in relation to the artifacts
themselves, but also in relation to commands, description of activities and understanding of experimental
activity guides and communication of the observed. Despite these weaknesses, many studies defend the
use of simulation as a way to represent phenomena that are not seen in real trials.

The teaching of Modern Physics (A37 and A23) and astronomical knowledge (A37) are topics discussed
by their degree of abstraction. In A37, the idea is that students can understand quantum objects and
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concepts associated with wave-particle duality, using the simulator with their aforementioned script.
A23 proposes the development of a software capable of reproducing an experiment involving Stefan-
Boltzmann's Law for black body radiation, commonly performed in a laboratory of Modern Physics. In
these cases, the computer becomes the adjunct in the teaching and learning process while the student
guarantees its role.

The context of distance learning is presented by other studies, which consider that the use of online
simulators can meet the need for practical experiments in distance learning courses. A38 suggests the use
of simulators in DE and, in its work, exemplifies the energy content considering that the simulator favored
students to understand aspects that are not identified in the actual experiment, such as the principle of
energy conservation.

With the idea of complementing the learning of a concept, A17 proposes two learning situations, one
real and one virtual. It is noticed that some aspects become observable when represented in the virtual,
while in the real students could only visualize the effects, which are a consequence of the observed
processes. Therefore, it is considered that the integrated use of simulations and real experiments can
overcome some weaknesses. As A16 points out, this integration should be part of a broader planning, with
the use of learning modules that use software, such as Modellus and simulators such as PhET.

Other weaknesses in relation to the exclusive use of simulations can be addressed, according to A39,
with the realization of real experiments initially, so the simulators would have the role of reinforcing the
understandings about the phenomenon observed in the real experiment. PhET simulators are also pointed
out by A3, A5 and A6 as of great potential when applied to physics didactic sequences and investigative
activities that combine the simulators with real experiments.

Some positive points of integrated use are pointed out by A5, in which it states that combining virtual
and real experiments allows the obtaining of more detailed and accurate data, which would only be
possible with the use of very sophisticated devices. However, in addition to the advantages related to
instrumental aspects, A12 created a proposal for the discussion of projectile movement, which students
could interact with each other, with computer simulation and with real experience and, in this context,
points out the importance of the teacher’s role in mediating the integrated activity.

The use of hypermedia environments is advocated by A37 and A38, that is, environments that enable
agile research resources, approach themes more comprehensively and increase the conditions for active
participation, since students interact with the content through simulations, games, videos, images, texts
and other resources. A33 and A39 state that the role of the teacher is to allow students to be able to
become aware of the information they interact with, this wealth of information and possibilities ensures
greater autonomy of the student during the process.

In a recent study, Ruas et al. (2020), point out that online training spaces are a means to enable the
collaborative and articulated work of the subjects. Thus, itis necessary to develop proposals that enable the
interpretation and representation of phenomena in view of the construction of explanatory phenomena.
Recognizing the importance of experimentation as a way to problematize everyday phenomena, A4
suggests the use of ICT and reiterates the importance of the teacher as a mediator in the learning process,
considering that these activities favor the interaction between students and the teacher. Heckler, Fazio
and Ruas (2020) also point to interaction as an important factor in the development of experimental
investigative projects of DE, where they encourage the promotion of experimental investigative projects
allied to technological resources that promote interactive environments that incite co-creation and co-
authorship. In this context, other works also transcend the barriers of experimentation and turn their gaze
to the methodologies around them.
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Defending the use of information and communication technologies - ICT, A33 believes that digital
didactic material can provide interactivity beyond the informational character only. To do this, you
need an interface that provides interactivity and co-authorship. Thus, the use of technological tools to
perform experimental activities should be encouraged by following some clues, as fostered by the above
emergencies, among them, it is necessary to select tools that have friendly interface and easy interaction,
that are contextual language accessible and appropriate to the reality of students.

In addition to the tool, it is necessary that the teacher is a mediator, think of methodological approaches
that incite students to interact with the tools and with each other, and that stimulate the investigative
character and their autonomy. Thus, the chosen methodology may include other hypermedia resources
to complement the use of simulation and, in the arrangement of structure for carrying out practical
experiments, these may be associated with the use of simulations.

4. Final Considerations

Based on the analyses performed in this study, which aimed to understand what is shown about
experimentation in physics in the online context, we mean that by permeate and constitute formative
spaces that see by digital inclusion, reflection and problematization of didactic-methodological strategies
online, the teacher will have more opportunities to aggregate online experimentation in his pedagogical
practice. Thus, it is a way to reduce the resistance and insecurity that sometimes permeates the use of
virtual technologies and resources.

We found that online experimentation through different resources, computer simulation, virtual
laboratory, virtual activity and audiovisual production, constitutes potential for the development of more
collaborative actions among the subjects. Its potentialities cross the use of experimentation and through
hypermedia resources one can create investigative activities that use various digital objects that encourage
the autonomy, co-creation and interactivity of students.

It is reiterated that the studies point to the development of new simulations with improved interfaces that
may be increasingly connected with the different realities. By incorporating it into their pedagogical practice,
the teacher will be guided by the motivation of the subjects, involvement with each other and with resources,
favoring their investigative spirit, thus having a fundamental role in the proposition of the activities, organization
and orientation of the student’s investigative process, whether in online or face-to-face environments.

Allied to this, we understand that the integration between virtual and real resources within the face-
to-face, distance or hybrid modality constitutes a way for classes to become more interactive, denoting
each one importance and complementarity. The teacher will be responsible for using these didactic-
methodological strategies in the creation of dynamics and activities that involve discussions among
students, in order to expand collaborative actions in the classroom.
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