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Abstract: The Sirius School for High School Teachers (ESPEM) is an in-service program for
high school science teachers. It is held at the National Center for Research in Energy and
Materials in Campinas, in partnership with the Brazilian Society of Physics. The program aims
to enhance the skills of science teachers in high schools, facilitate the exchange of
knowledge between teachers from all over Brazil, and produce updated teaching materials
that promote Brazilian science and technology. To investigate how ESPEM contributes to the
training of basic education teachers, and to assess the effectiveness of the program, we
employed various data collection methodologies in a qualitative research study. Our
objectives were: i) to identify the expectations of the participating teachers, ii) to evaluate
the products generated during the program, and iii) to measure the achievement of the
main goals of ESPEM. To achieve these objectives, we analyzed the letters of intent
submitted by the selected participants before the program began. During the program, we
conducted participant observation. After the program, we conducted semi-structured
individual interviews, and a focus group, and distributed questionnaires to the participants.
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Introduction

It is widely agreed that every professional should strive to improve their skills and knowledge,
regardless of their area of expertise. However, when it comes to teachers, this need is particularly
emphasized and supported by various national and international studies (Day, 2001; Villegas-Reimers,
2003; Pacca and Villani, 2018). Continuing education or professional development courses for teachers
can take on various forms and have multiple interpretations. One such interpretation is: training
initiatives in the period that accompanies the subjects' professional time. It has a different format and
duration, assuming the perspective of training as a process. It can either originate from the initiative of
the interested parties or can be inserted into institutional programs. In the latter, education systems,
universities and schools are the main agencies for such types of training (Cunha, 2003).

ESPEM (Acioly, 2020, 2021, 2022) is an in-service teacher training course to foster partnerships
between teachers and universities (in this case, a research center) to enhance the teaching and learning
process in the classroom (Villegas-Reimers, 2003).

The Sirius School aims to provide high-quality teacher training by promoting interactions
between leading Brazilian science researchers working at the Brazilian Center for Research in Energy
and Materials (CNPEM) and participating teachers. This approach emphasizes the importance of
establishing links between research laboratories and basic education schools (Acioly, 2020, 2021, 2022).
However, communication between academic research and teaching practice remains a significant
challenge.



Journal of Environment and Sustainability Education, 1(2), 2024, 12-23

This article is structured as follows: the following section provides an overview of the theoretical
concepts that were used. Then, one outlines the methodologies that were employed. Next, we describe
how the data was collected and analyzed. In the penultimate section, we present the primary findings
along with a discussion. Finally, we conclude with our final remarks.

Theoretical contributions for an evaluation of ESPEM

When analyzing a continuing education course and exploring the relationship between different
types of knowledge, several approaches have been proposed in the literature that focus on "teacher
thinking." These include Tardif (2002), Shulman (1986 and 1987), Oliver and Park (2008), who address
the concept of Pedagogical Content Knowledge (PCK), as well as Pimenta (1997) and Pessoa de Carvalho,
who conducted research with Daniel Gil-Perez (2011), among others.

Regarding the evaluation of these courses, the reference chosen was Thomas Guskey (2000),
who discusses the processes involved in evaluating professional development courses. In this case, his
model was adapted for the evaluation of continuing education courses.

In designing ESPEM as a professional development course for teachers, there was a strong
emphasis on promoting dialogue between the research center, schools, and society. Conceptual
strategies were developed through discussions with experts, providing teachers with opportunities to
update their scientific and pedagogical knowledge. The selection of teachers for the program also
considered their prior experience and knowledge of pedagogy. ESPEM focused on updating teachers'
knowledge of science and equipping them with the necessary skills for teaching (Villegas-Reimers, 2003;
Tardif, 2002; Shulman, 1987).

Through the integration of cutting-edge research in science and technology with basic education,
ESPEM allowed participating teachers to expand their scientific and pedagogical knowledge. According
to Tardif (2002), teaching practice is formed by different types of knowledge: professional training
knowledge, disciplinary knowledge, curricular knowledge, and experiential knowledge. For Shulman
(1986), there is a minimum repertoire of knowledge necessary for teaching practice, a concept that
combines content with pedagogy. In 1987, Shulman explained PCK, which for him involves
understanding, transformation, teaching, evaluation, reflection, and new understanding, and is the
content planned and delivered in the teaching action. Park and Oliver (2008) contribute by adding new
components to the PCK, including knowledge of teaching guidelines, knowledge about student
understanding, knowledge of the curriculum, knowledge of instructional strategies for teaching,
knowledge of learning assessment, and teaching effectiveness. These different conceptualizations of
knowledge and teaching practice were considered in the development of ESPEM, to provide teachers
with a comprehensive and up-to-date understanding of the field.

Some authors tend to agree on the types of knowledge necessary for the teaching profession.
According to Pimenta (1997), three types of knowledge are interrelated: subject matter knowledge (a
teacher's knowledge of the subject they teach), pedagogical knowledge (a combination of subject
matter knowledge with knowledge of education and teaching), and experiential knowledge (the
teacher's experiences in their context). The ideas of Carvalho and Gil-Perez (2011) contribute to the
necessary knowledge repertoire in science. The authors suggest what science teachers should "know"
and "know how to do" in their teaching practice, based on the idea of learning as knowledge
construction and the need to transform a teacher's spontaneous thinking (Carvalho and Gil-Pérez,
2011).

According to Guskey (2000), evaluation of professional development courses can be divided into
five levels. As ESPEM is a field of research, these levels would be: i) Initial reaction of teachers
immediately after the completion of ESPEM,; ii) Learning of the participants on the topics covered in
the course directly (only with the classes) or indirectly (with the study of the topics according to the
sources presented by the organization); iii) Organizational support and transformation of the
environment in which the participant is professionally immersed (the school where the teacher works)
after participation, to encourage the application of the concepts learned in the course; iv) Use of new
knowledge and skills by participants from the information acquired in the course. v) Learning outcomes
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of students who took classes after the teacher participated in ESPEM, recognizing the change in the
teacher's attitude.

In the discussion between the different authors and approaches, it can be concluded that
Guskey's (2000) perspective aligns with the views of Park and Oliver (2008) and Shulman (1987) on
Pedagogical Content Knowledge (PCK). The first two levels identified by Guskey, are the initial reaction
of the teachers and the learning of the participants either directly or indirectly, along with the fourth
level that pertains to the learning of new methodologies and skills acquired during the course,
associated with the pedagogical experience of the teachers, provide a positive assessment of
professional development courses from the perspective of the participants.

The aim of this paper is to answer the following question: "How did ESPEM contribute to the
training of basic education teachers, in the dialogue between teachers from all over Brazil and in the
production of updated teaching materials that value Brazilian science and technology?”

Method

The collection of data was carried out in three steps. The first step in data collection took place
before the ESPEM course and involved a documentary analysis of the letters of intent submitted by the
selected teachers. In November 2018, after selecting the participants from over 200 candidates, the 20
letters of those chosen for the January 2019 course were analyzed. In November 2019, out of 109
candidates, 35 were selected and their letters of intent were analyzed.

This section of the research involved document analysis, which followed the methodology
outlined by Bardin (2011). After reviewing the letters of intent of the selected candidates, the
researcher identified common and relevant points for the study and grouped them into categories
(GARNICA, 1997).

The second phase of data collection occurred during the course and involved comprehensive and
participant observation. The researcher was fully immersed in the field of study, which was not an easy
process, as human relationships and behaviors were intertwined with data collection. According to
Marconi and Lakatos (2011), the researcher needs to participate fully in the community or group being
studied, to the extent that they become a member of it, experiencing everything the group experiences.

Participatory observation, as a methodological procedure for data collection in this part of the
research, follows an ethnographic approach, which involves a detailed description of the routines of
the group being studied (Bogdan and Biklen, 2006). Ethnographic qualitative research, which employs
participant observation, allows for interaction between the research subjects and the researcher,
enabling the subjects to voice their perspectives while generating reflections and actions about the
group during data collection (Mattos and Castro, 2011).

The third stage of data collection was carried out after ESPEM in four ways: the first with the
response to an online form immediately in the week following the course; a second with a small
questionnaire, months after the course, with some participants chosen at random, by a cell phone
application; the third with semi-structured individual interviews with four randomly chosen teachers,
two from the 2019 course and two from the 2020 course; the fourth was a remote focus group with
eleven teachers (who did not participate in the semi-structured interviews), also randomly chosen, five
from 2019 and six from 2020. The focus group was mediated by the three authors, lasting about 1.5
hours, in which eleven teachers participated, those who did not participate in the semi-structured
interviews, five from the 2019 edition and six from the 2020 edition and took place remotely due to
the COVID-19 pandemic.

Application of different data collection modalities

Data collection before ESPEM: an analysis of letters of intent

Document analysis is a set of operations aimed at representing the content of a document in a
different form from the original to facilitate its consultation (Bardin, 2011). After reading all the letters
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of intent from the selected teachers, some categories, which were most cited and which are related to
continuing education courses, were created inductively.

The first category addressed reports on the “opportunity to exchange experiences with
teachers from all over the country”, while the second category was about the “opportunity for training
on more advanced topics such as Brazilian cutting-edge science and technology”, as well as Modern
and Contemporary Physics. This training aimed to improve physics teaching and make it more
interesting for its target audience.

To analyze and evaluate the results of ESPEM for the teachers, and to understand if the ESPEM
objectives were achieved, we needed to analyze the expectations of the selected teachers before
starting the course and compare them with the data collected during and after ESPEM. The surveyed
teachers were not named by the decision of the research group and were identified by the region of
their state and the year they participated in ESPEM.

Data collection during ESPEM: a participant observation

Participant observation can be defined as a process in which there is a multilateral relationship
between the researcher and the researched, allowing for scientific understanding of the analyzed group
(MAY, 2001). This methodology represents an excellent resource for deep immersion in the continuing
education course, allowing the researcher to naturally understand the participants' questions.

The large number of teachers from different states and cultures gathered from 8 am to 6 pm
for five days, all with the same objective, bringing a climate of unity and cooperation to ESPEM. During
the classes and lectures, the participating teachers took on the role of students and, in addition to
taking notes on theoretical classes and experimental visits, asked high-quality questions about the
application of certain phenomena, generating rich conversations between cutting-edge research and
basic education.

The first author was a member of the ESPEM organization, and a teacher of basic education,
he was able to be part of the universe of participants and better understand their vision. The first
author participated in social relationships and the moments "backstage". At the same time, lit was
possible to understand the demands of the organization and sought to improve dialogue between the
parties.

There are significant advantages to participant observation since the observer's prolonged
contact with the analyzed group increases the likelihood of attaining more accurate interpretations.
This higher degree of personal involvement and identification with issues of professional affinities
results in increased credibility.

Several types of records can be utilized in participant observation, and for this research, the
researcher was able to take notes and make recordings throughout the course using a cell phone. The
researcher recorded the speeches of the participants that pertained to questions about completing the
continuing education school using writing and audio applications. Some of these excerpts were chosen
for analysis and compared to the letters of intent before the course and the interviews conducted after
the course to evaluate the ESPEM results.

The programming for the two versions of ESPEM in 2019 and 2020 aimed to immerse the
participating teachers in the laboratory complex. The week-long course consisted of lectures,
theoretical classes, visits to experimental stations, and time for informal conversations between
researchers and ESPEM participants. The day concluded with presentations of the research conducted
there and group meetings of teachers to develop pedagogical proposals for the implementation of the
material covered in their respective schools.
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Data collection after ESPEM: an evaluation of the participating professor and the organizing
institutions

After ESPEM, one of the objectives was to understand the results generated and evaluate them.
This evaluation was conducted in two ways. The first involved examining the aspirations of the
participating teachers, which was in line with the references of authors who follow the conceptions of
Pedagogical Content Knowledge (PCK), and the knowledge necessary for the teaching profession (Tardif,
2002; Shulman, 1986, 1987; Park and Oliver, 2008; Pimenta, 1997; Carvalho and Gil-Pérez, 2011). The
second path followed the line of Guskey (2000), in which we analyzed the collected data to identify
whether ESPEM reached the five levels categorized by the author through the participants' statements.

Since there were 55 participants in the two editions of ESPEM, the research group decided to
use a strategy with different data collections to increase the field of response after the course. Four
semi-structured interviews (Manzini, 1991) were conducted, focused on subjects that go according to
the script of questions, but also contemplating other questions momentarily during the interview. This
type of interview allows for freer information gathering than standardization of alternatives (Manzini,
1991).

A remote focus group was also conducted with 11 participants who did not participate in the
semi-structured interviews to collect different information from the previous ones. This focus group
was conducted on a virtual platform in a meeting that lasted 1 hour and 40 minutes, with all
participants having their cameras on. Six teachers from the 2020 edition and five from 2019
participated, in addition to the authors of this work. The meeting was recorded, and all data were
transcribed for later analysis.

Research with a focus group aims to detect information, concepts, attitudes, experiences, and
reactions through the exchange of ideas and group discussions in a more complete and faster way than
in observations, interviews, or questionnaires (Morgan and Krueger, 1993).

In addition to the interviews and focus group, a survey was conducted through a form for all
55 participants immediately after the completion of the course, and a questionnaire with open
questions for 10 other participants months after the completion of each edition. Open-ended
guestionnaires have advantages as they are conducted individually, allowing respondents the freedom
to express themselves and provide meaningful comments and explanations that help in data collection
(Mattar, 1994).

The data collected from the interviews, a focus group, and questionnaires were transcribed and

analyzed and categorized (Garnica, 1997). These categories were divided according to the course
evaluations in the teachers' view and the view of the course organization for this part of the research.

Results and Discussion

Table 1 presents the results of the analysis of the letters of intent of the candidates before ESPEM.
It was identified two main categories: 1) opportunity to exchange experiences with teachers from all
over the country; 2) opportunity for training on more advanced topics such as Brazilian cutting-edge
science and technology.

Table 1. Analysis of the letter of intent of the candidates before ESPEM

Edition Region Report Category
2019 North "The event aroused my interest in having the opportunity to exchange 1
East with high school experiences from various parts of the country, thus being and
able to seek new resources and alternatives to introduce teachers to the 2
high school of Modern Physics in Education and the EJA modality in the
future.”
2019 Southeast "Participatingin a school like this is a unique opportunity because, in 1
addition to getting to know a modern research center, there is an and
2
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Edition

Region

Report

Category

2020

2020

2019

2020

2019

2019

North
East

Southeast

Midwest

North
East

North

important space for exchanging experiences with researchers and other
physics teachers."

"Training at ESPEM is a unique opportunity for learning, networking, and
motivation for a teaching career. We, teachers in the Northeast region,
experience structural problems in the educational system and have
limited chances for professional development in physics teaching.”
"Develop activities and/or projects together with the new network of
teachers who graduated from ESPEM 2020, enhancing interactive
learning through the use of communities via the internet, exploring the
relationship between classes from different schools"

“I propose to gather proposals on how to make the classroom more
interesting for students and how to work on more advanced topics with
practical approaches to these concepts.”

"My professional objective is to bring to high school classrooms a
scientific discussion of current Modern Physics, with rigor and theoretical
criticism in a language accessible to students to assist them in the
teaching and learning process, as well as in the process of development of
a critical and participatory spirit focused on the new demands of the 21st
century."

"...the opportunity to participate in the Synchrotron School and learn
about the activities developed in the laboratory as well as the countless
applications of synchrotron light (...) allows us to show students that
Physics is everywhere, given that One of the many difficulties of students
is precisely in "seeing" and understanding its application."

South

“Making complex concepts of Modern Physics familiar to teenagers 2

requires a professional qualification of another order of magnitude.”

During the event, some observations were recorded and then compared with interviews carried
out by the same teachers, in which the influence of ESPEM is obvious in teacher training. Table 2
presents a comparison between the reports of the participants during ESPEM and afterward interviews.

Table 2. Comparison between the reports of the participating teachers during the course, and afterward

interviews.

ESPEN Report during ESPEM Report after ESPEM

2020 “| was very discouraged with the “l was discouraged and didn't want to do my master's
career of a physics teacher, in last year. Then, | got motivated with ESPEM, I'm doing my
which | did not see many prospects  Master's, and the educational product will be Modern
for professional development, but Physics! She already has an embryo, and by December
here at ESPEM, the topics discussed everything will be fine.”
here, encouraged me to seek a new
career path, as soon as | return to
my city | will look for something in
my area.”

2019 “Man, | urgently need to download  “..I took that Accelerate app with a student who is a

and print these cards, as I'm sure
my students will be very interested
in this. This virtual reality and
augmented reality that Régis
showed us will bring my students
closer to science, students who may
never be able to leave their cities.”

scholarship holder here at the planetarium, and as soon
as we returned | did a study with him on what Sirius was,
and we created that institutional video inside the
planetarium. So, in all the sessions we hold at the
planetarium, we talk about Sirius. In 2019, we made a lot
of movement regarding schools. We attended more or
less 19 schools, and we also went to the countryside, in
the state of Rondbnia. We went to Ariquemes, Guajard-
Mirim, and the mall in Porto Velho. We set up the
planetarium... But at the Porto Velho mall, we couldn't
set up the accelerator system because of their scheme
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ESPEN Report during ESPEM Report after ESPEM

inside. So we just showed Sirius' movie. Then we had
another lecture. So, at UniNorte, it was for a group, it
was very crowded and it was nice because it generated a
lot of curiosity from electrical engineering students from
various periods. And then, there in Guajara-Mirim and Ji-
Parand, with Higher Education and High School students,
it was also quite interesting."

Regarding the initial reaction of the participants after completing ESPEM, there was almost
unanimity in their positive evaluation of both the perspectives of this research - the evaluation of the
participating teachers and the evaluation of the course. Below, we present an example of each
relationship between the reports of the participating teachers that correspond to the research
objectives. Table 3 presents the teachers' reports after completing ESPEM.

Table 3. Reports from teachers after ESPEM

Category

Reports

Participants' initial reaction

Theoretical concepts covered
in the course related to the
teacher's experience and
future pedagogical strategies

personal and attitudinal
development

the learning of new
knowledge among the
participants

“..the school served as a watershed for most of all teachers there. Because
most had a very clear experience in the classroom with High School. We had
an experience of dealing with this public, but this enrichment of what we
lived there (at ESPEM) helped us a lot daily. Our bond with Sirius School was
very positive.”

“..we participate in some moments of pedagogical enrichment throughout
the week. So, we observed those who taught us, bringing theoretical content
and an approach to the topic. And then, we had the chance to talk among
ourselves to think about the best way to apply these contents. What
happened? We managed to organize this in our daily lives, because this set
of experiences, both of those who gave the lectures and of the colleagues
who exchanged ideas, certainly gave us conditions to expand our thinking,
think about new concepts, how to better organize the concepts, what we
should present at first, what to present at the end of the class. How to apply
this? When and how do you talk to students? So, it helped us a lot to make
this strategy more focused, and more coherent. Gives us one more plan. It
allows us a more detailed, more qualified planning. So, it was very
productive in that sense, yes, for sure!”

“On my return, as soon as possible, | got in touch with the Regional
Management of Education in my city to develop the training project for
physics teachers: Developing proposals for Teaching Physics using SIRI.”
“The “new knowledge” | used was when | went to deal with the radiation
process of synchrotron light for studies and research development in Brazil.
For evaluation, | used Plickers, which was presented by one of the ESPEM
participants.”

A participant from the 2020 edition comments on the importance of teachers understanding the
cutting-edge and quality research carried out by Brazilians:
"Before ESPEM, | had already participated in the Astronomy Olympiad... Space Journey! |
went with a student of mine who qualified, and | went to INPE (National Institute for Space
Research). Then, | had this impact... | said: "Wow! Brazil does quality research!" And | get
very upset, very sad when people say "Ah! Brazil, right?" as if they were belittling the
capacity of our people. That completely changed my mind. And ESPEM came and finished
changing, you know? Now | have the clarity that, as a teacher, one of my missions is also to
open the eyes of our students that we need to stop having this bad view of our people, and
our ability. We must show that we have the capacity, like any other people in the world,
don't we? And then, just as | saw in another research center, | also saw in Sirius that fantastic
world that we all had the opportunity to know, and to see the work of those super, ultra-
competent, wonderful people! So, it was this impact and this change in Education that |
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think is very necessary! We must take this view of the colonized and become the
protagonists of our history. Stop just admiring others and admiring our achievements too.
We must tell you what our Brazilians do and that it is of the highest quality!”

The participating of both editions kept in touch through a group on a mobile application. In
addition to using this medium to exchange information and content with experiences that worked or
not, they have access to a storage cloud space created by the organization, which places the
presentations and information that took place at ESPEM. A participating teacher in 2020 comments on
the importance of consulting this online space:

“Of all the content seen, there was always something | already knew, but | confess that most
of the techniques presented were new, when dealing with CNPEM | had to review materials.
This year, in February, when the classes started, | already started talking about physics based
on modern physics and it was very interesting to see the enthusiasm of the students.”

Some participants followed the proposals suggested by their letters of intent, and some actions
such as the creation of courses for teachers and students in their institutes, the elaboration of lectures
with CNPEM researchers, and the participation in scientific events to present methodological proposals
for the use of the synchrotron radiation in high school.

Thanks to social networks and face-to-face interactions with researchers, the ESPEM teachers
were able to disseminate cutting-edge research to various cities. Researchers from CNPEM, particularly
from the National Synchrotron Light Laboratory (LNLS), were available to teachers to conduct activities
at their institutions. These researchers actively participated in activities proposed by teachers from
different regions of Brazil who participated in ESPEM and visited schools in various parts of the country.

It would be impractical to include all the information provided by the 55 teachers who
participated in the 2019 and 2020 editions in this paper. Therefore, the research group decided to
select a relevant project in each region of Brazil to showcase some of the activities that were carried
out after ESPEM. Table 4 presents some of the activities carried out by the teachers after ESPEM.

Table 4. Relevant work carried out by teachers after ESPEM

Region Examples of teacher actions after ESPEM

North East Two teachers who participated in ESPEM in 2020 created a continuing education course that
worked remotely, called AmpliaCiéncia (SOUZA and CAL, 2020a). It was a 40-hour course for 17
physics, chemistry, and biology teachers, which aimed to discuss modern science through
synchrotron radiation with a focus on the classroom. In this activity, five researchers from the
LNLS were invited to present their research to the participating teachers.

Midwest A participating of the year 2020 created an online program of scientific lectures called Talk with
Science (DUARTE, 2020), where she invited several researchers and some of them talked about
topics that dialogue with those studied at ESPEM. The target audience included high school
students, elementary school teachers, and science curious.

Southeast A teacher participating in the 2020 ESPEM, who is one of the organizers of the Center for
Learning in Experimental Physics (CAFE) (RIZZATO, 2020). She carried out several activities on
synchrotron radiation, inviting researchers from CNPEM to present their activities. This cycle of
lectures aims to present scientific subjects to high school, technical, and higher education
students, in addition to having invited teachers.

South A teacher at the Instituto Federal Catarinense, a participant in ESPEM in 2020, developed
several activities for students, teachers, and administrative staff at her institute. These
activities relate to the concepts of modern and contemporary physics, in addition to valuing
Brazilian science and women in scientific research for their students and presentations for
teachers. A researcher from the LNLS participated by giving a lecture to the entire school
community.

North A teacher from the Instituto Federal do Acre, a participant in the 2019 ESPEM, prepared
several activities for his state and neighboring states. He already has extensive experience in
the dissemination and popularization of science, and went to the countryside of Acre,
Ronddnia, and the state of Amazonas, by car, to take science to several schools and
universities.
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The scope of each of the five examples highlighted above is incalculable. However, it is relevant
to conclude that when a continuing education course reaches and motivates certain teachers, and
these teachers can apply these significant changes in their spaces of action, the teaching-learning
process can happen fluidly. According to Acioly (2015):

“Student motivation is fundamental for teaching and learning processes, not just for Science,
but for any knowledge. It is necessary to capture and hold the attention of the student, so
that teaching is more effective, as well as more pleasant, both for those who learn and for
those who teach. The concept of motivation is linked to the human need for survival.”

One of the researchers who participated in one of these presentations for teachers commented
to the group of teachers during a lunch day in the 2019 edition:

“We are concerned with putting together didactic presentations that, at the same time,
must go deeper into the content, but must be accessible to teachers, as not all of them had
the same training. We were surprised several times with very interesting questions, and we
realized that we could delve deeper into a certain concept without any problem. We see
that you (the participating teachers) manage to transform that content that was sometimes
difficult to understand, into super didactic classes for students in your cities.”

During the XVIII Research Meeting in Physics Teaching, two teachers from the Northeast region
who attended ESPEM 2020 presented their work "Synchrotron Radiation in Brazil and Technology in
Physics Teaching: Some Proposals" in an oral communication session (Souza and Cal, 2020b). This work
was also presented at the Physics Journey at the Federal Institute of Bahia.

The Brazilian Society of Physics (SBF) has proposed the creation of an event room at main
scientific events for Physics teaching to disseminate ESPEM to other researchers in Physics education.
The event room aims to gather ESPEM participants and present their activities to others.

Thus, the ESPEM organizing committee is committed to bringing cutting-edge science and
researchers closer to participating teachers. This commitment was highlighted by a participant at the
1st edition in 2019 who stated:

“I find it very difficult to describe the scenario of a continuing education course for a
professional educator. | think the teacher must be constantly willing to update himself and,
eventually, sometimes, we don't know the ways to do that, do we? | think we don't know
which courses or professionals in the field of physics teaching may contribute to us being
constantly updated and informed.”

It was also ratified in the speech of a participant of the 2nd edition, in 2020, when he said:

"...the Sirius School is an opportunity for us teachers to have access to a research center of
excellence. And what do we understand about ESPEM and this relationship with SBF, the
Brazilian Society of Physics? This is an opportunity for us teachers in the area to have a
continuous, targeted education, and to make links with the practical world of cutting-edge
research. So, for us, it's a great opportunity. Nobody would want to let this opportunity pass,
would they? | think that any teacher who has access to a week immersed there, learning
about content that we spend in the day-to-day in the classroom and that we explain, but we
would love to see practical applications and in-depth research on the subject.”

Some teachers in both editions reported that due to the pandemic and their school's lack of
remote classes, they were unable to apply any activities from March 2020 onwards.

One problem found was that some participants did not comply with the proposals of their letters
of intent. After ESPEM, some teachers reported that they were only interested in getting to know the
laboratories' complex and were not interested in applying the concepts in their classrooms or sharing
the research with their peers and institutions. The organizing committee's main interest is not just to
present a scientific space but to look for teachers interested in being partners in bringing state-of-the-
art Brazilian scientific research closer to basic education and society.

Another issue was that some schools did not provide any space for teachers to carry out any
activities, whether to present to other teachers or to organize events for students. Some teachers
reported that the classroom was the only space they had to talk about the knowledge gained from
ESPEM and that if they had no connection with the planned content of their discipline, they would not
be able to discuss it. Some even shared the feeling of frustration with institutions that do not recognize,
or value teacher training and state-of-the-art science and technology developed in Brazil.
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This third problem goes against the third level of evaluation of a continuing education course
(Gkey, 2000). These external factors often do not depend on the course's organization or the
participating teacher but are linked to a structural problem of belief in science or education, particularly
in Brazilian quality production.

Conclusions and final considerations

After conducting research on the information collected before, during, and after the two editions
of ESPEM in 2019 and 2020, to answer the question "How does ESPEM impact the training of basic
education teachers, the dialogue between teachers from all over Brazil, and the production of updated
teaching materials that value Brazilian science and technology?", several conclusions can be drawn.

Firstly, the teachers' expectations were exceeded. The concepts learned at ESPEM were beyond
what was planned by the teachers. Not only did the teachers get to visit an international reference
laboratory and learn about cutting-edge research carried out by Brazilians, but they also had access to
institutional materials prepared by the researchers, direct contact with people at the forefront of this
cutting-edge Brazilian research, and access to methodologies that facilitated the approach of the
contents worked there to present in basic education in their cities of origin. This was more than just a
visit to a complex of laboratories but was a continuing education course that contributed to the
teacher's professional experience, facilitated dialogue between teachers from different states, and led
to the development of different pedagogical proposals in line with the conceptions of PCK and the
knowledge necessary for teacher training. (Tardif, 2002; Shulman, 1986 and 1987; Park and Oliver, 2008;
Pimenta, 1997; Carvalho and Gil-Pérez. 2011).

From the ESPEM organization's perspective, a professional development course can be evaluated
based on five assessment levels (Guskey, 2000). However, there is currently no method of evaluating
all these levels. Follow-up work is necessary to evaluate all teachers and the students who had classes
related to the contents covered in ESPEM.

Finally, we present a conclusion on each level categorized by Guskey (2000):

1st) Teachers' initial reaction immediately after ESPEM: Practically 100% of the teachers were
fully satisfied with the course structure, the covered contents, the technical visits to experimental
stations, the contact with researchers and their research, the contact with teachers from all over Brazil,
and the understanding that Brazil produces cutting-edge research with a quality to compete with large
international laboratories.

2nd) Participants’ learning about the topics covered in the course directly (only with the classes)
or indirectly (with the study of the topics according to the sources presented by the organization): 55
participating teachers from 22 states plus the Federal District, with varying backgrounds, attended
ESPEM. Some had just graduated, while others had postdoctoral degrees. Some teachers had 40 years
of experience in basic education, while others were at the beginning of their teaching careers. Despite
their differences, they all shared a desire to learn and share the innovations of science and technology
produced there. As the topics covered in ESPEM were outside the traditional curricula, virtually all
reported learning new concepts and new approaches to these concepts. They also had access to the
material used throughout the course, which enabled them to continue their training and study.

3rd) Organizational support and transformation of the environment in which the participant is
professionally immersed (the school where the teacher works) after participation, to encourage the
application of the concepts learned in the course:

This is perhaps the most difficult category, as it depends on many variables. Each educational
institution has its action plans defined by decisions made by people or bodies. Whether an organization
defines the importance of changing attitudes or opening a space for teachers to carry out projects or
actions of dissemination and teaching depends on the relationships between these bodies and people.

We can divide the organizational support provided to participating teachers into three types:

The first group reported that they received full support from their educational institutions to
conduct activities for other teachers, students, and administrative staff, and even to disseminate in
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other educational institutions and academic events. Some of these teachers also mentioned that their
institution provided a space to develop long-term projects for the dissemination of Brazilian science.

A second group of teachers had partial support from their educational institution. This partial
support was limited to one presentation only, or the non-receipt of absence from work due to the
presentation of a certificate of participation. Some reported having a certain freedom to talk about the
topics covered in ESPEM, but only within the class time and content of their disciplines.

In the third group, teachers had no support from their institution. Some of these teachers
reported not having any space to present any type of activity seen in ESPEM, either to their students
or to their peers. Some commented that they faced oppressive pedagogical coordination that did not
even allow them to talk about the contents seen in the course within their disciplines. Others
commented that they did subversive work, where they managed to work on the themes seen in ESPEM
within their contents, but without the pedagogical coordination knowledge.

After analyzing this third category, there is an urgent need for greater dissemination of Brazilian
research in a language that is accessible to all and through various media platforms. Additionally,
didactic materials that relate the contents of science to Brazilian research should be made available to
support teachers.

4th) Use of new knowledge and skills by participants from the information acquired in the course:

This category was highly regarded by most participating teachers, as during the course, they
participated in pedagogical workshops to discuss proposals for applying the course content in the
classroom. Additionally, some researchers presented alternative methods for use in the classroom,
such as free mobile applications for virtual and augmented reality or for conducting virtual visits, while
others presented educational games to aid in understanding certain content. The exchange of ideas
was rich, and after the course, teachers continued to discuss these methodologies in group
communication applications on their phones.

The fifth level involves assessing the learning outcomes of students who took classes from
teachers after they participated in ESPEM, considering changes in the teachers' attitudes. This level
depends on a relationship that can be established between the organizing committee of ESPEM and
the educational institutions of the participating teachers, as it would involve analyzing what students
learned after their teachers participated in the course and the activities that they carried out. This
category can also be analyzed in terms of changes in students' attitudes towards the information
provided by the participating teachers.

Evaluating a continuing education course can take years and requires partnerships from various
institutions. However, we were able to answer the research question, confirming that ESPEM
significantly contributes to the training of basic education teachers, promotes dialogue between
teachers from different regions, aids in the production of pedagogical methodologies for classroom use,
and contributes to the dissemination of cutting-edge Brazilian science and technology produced by
Brazilians.

Acknowledgment

The authors thank the Brazilian Society of Physics (SBF) and the National Center for Research in
Energies and Materials (CNPEM) for their support in creating the Sirius School for High School Teachers
(ESPEM) and support for research in the field of Physics Teaching and Scientific Outreach.

References
Acioly, V. (2015). Visitas virtuais como instrumento motivacional para o ensino de ciéncias e divulgagéo cientifica.
Niterdi: [s.n.].

Acioly, V., Picoreti, R., Rocha, T, Azevedo, G., Santos, A. (2020). A luz sincrotron iluminando a formacdo de
professores. A fisica na escola, 18(2).

Acioly, V., Paiva, T., Azevedo, G., Rocha, T., Picoreti, R., Santos, A. (2021). Shedding synchrotron light on teacher
training. Physics Education (Bristol. Print), 56, 035021.

22



Journal of Environment and Sustainability Education, 1(2), 2024, 12-23

Acioly, V., Morais, R., Santos, A. (2022). Luz sincrotron promovendo o giro decolonial. Ensino, Satide e Ambiente,
15(2), 317-332.

Bardin, L. (2011). Andlise de conteudo. Sdo Paulo: Edi¢des 70, 2. reimp. da 1. ed.

Brasil. Ministério da Educagdo. (2015). Conselho Nacional de Educagdo, Conselho Pleno. Resolugdo n® 2, de 12 de
julho de 2015.

Bodgdan, R., Biklen, S. K. (2006). Qualitative Research for Education: An Introduction to Theories and Methods.
Boston: Pearson, fifth edition.

Carvalho, A. M. P, Gil-Pérez, D. (2011). Formagdo de professores de ciéncias: tendéncias e inovagdes. Sao Paulo:
Cortez, 10 ed.

Cunha, Maria Isabel da. (2003). Verbete formaglo continuada. In: Morosini, M.C. (Org.). Enciclopédia da
Pedagogia Universitaria. Porto Alegre: FAPERGS.

Day, C. (2001). Desenvolvimento Profissional de Professores: Os Desafios da Aprendizagem Permanente. Porto:
Porto Editora.

Duarte, | (2020). Canal Talk com Ciéncia. Disponivel em:
https://www.youtube.com/channel/UCBDeqjAOshbREK9ZACGBAOw.

Edelstein, G (2011). Formar y Formarse en la Ensefianza. Buenos Aires: Paidos.

Garnica, A. V. M. (1997). Algumas notas sobre pesquisa qualitativa e fenomenologia. Interface, Sdo Paulo, agosto.
Gkey, T. (2000). Evaluating Professional Development. Thousand Oaks: Sage Publications.

Lakatos, E. M.; Marconi, M. A. (2011). Metodologia Cientifica. Sdo Paulo: Atlas, 62 ed.

Manzini, E. J. (1990/1991). A entrevista na pesquisa social. Didatica, Sdo Paulo, 26/27, 149-158.

Mattar, F. N. (1994). Pesquisa de Marketing: Metodologia, Planejamento, Execugdo e Andlise. Sdo Paulo: Atlas, 22
ed., v.2.

Mattos, C. L. G. (2011). A abordagem etnogrdfica na investigagdo cientifica. In: Mattos, C. L. G., Castro, P. A. (Orgs.).
Etnografia e Educagdo: Conceitos e Usos. Campina Grande: EdJUEPB.

May, T. (2001). Pesquisa Social: Questbes, Métodos e Processos. Porto Alegre: Artemed.

Morgan, D. L., Krueger, R. A. (1993). When to use focus groups and why. In: D. L. Morgan (Ed.), Successful Focus
Groups: Advancing the State of the Art (pp. 3-9). Newsbury Park, CA: Sage Publications.

Pacca, Jesuina Lopes de Almeida; Villani, Alberto (2018). A formagao continuada do professor de fisica. Estud. Av.,
Sdo Paulo, 32(94), 57-71, dez.

Park, S.; Oliver, S. (2008). Revisiting the conceptualisation of pedagogical content knowledge (PCK): PCK as a
conceptual tool to understand teachers as professionals. Research in Science Education, 38(3), 261-284.

Pimenta, Selma Garrido (Org.) (1997). Diddtica e formagdo de professores: percursos e perspectivas no Brasil e
em Portugal. Sao Paulo: Cortez.

Pugliese, R. M. (2017). O trabalho do professor de fisica no ensino médio: um retrato da realidade, da vontade e
da necessidade nos ambitos socioeconémico e metodolégico. Ciéncia e Educagdo, Bauru, 23(4), 963-978,
dez.

Rizzato, C. Centro de Aprendizagem em Fisica Experimental. Disponivel em:
https://www.youtube.com/channel/UCPed2TQNKyLoBOeePTi9MOg.

Souza, R; Cal, Taneska. Curso Amplia Ciéncia. Disponivel em: https://www.youtube.com/watch?v=cNFtIVEoJcg.

Souza, R; Cal, T. (2020). Radiagdo sincrotron no Brasil e a tecnologia no ensino de fisica: algumas propostas. XVIII
Encontro de Pesquisa em Ensino de Fisica, Floriandpolis.

Shulman, L. S. (1986). Those who understand: knowledge growth in teaching. Educational Researcher, 15(2), 4-
14.

Shulman, L. S. (1987). Knowledge and teaching: foundations of the new reform. Harvard Educational Review,
57(1), 1-22.

Tardif, M. (2002). Saberes docentes e formagdo profissional. Petrépolis: Vozes.

Villegas-Reimers, E. (2003). Teacher professional development: an international review of the literature. Paris:
International Institute for Educational Planning.

23


https://www.youtube.com/channel/UCBDeqjA0shbREK9ZACGBA0w

