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Abstract

We investigated Biology teachers’ prior knowledge of teaching strategies and
approaches with the potential to promote more meaningful science teaching,
focusing on socio-scientific issues (SSIs). The data were collected during a
teacher training course using a semi-structured questionnaire administered
during the first training session. Response analysis was conducted based on
categorization. The results reveal teachers' limited knowledge regarding the
use of teaching resources, especially regarding SSls and thematic inquiry.
Alternative conceptions of teaching planning focused on scientific literacy
were also identified, reflecting a still reductionist and Cartesian view present
in the minds of these professionals. We emphasize the importance of
expanding teacher training programs to provide tools that favor the use of
more meaningful teaching methodologies, fostering greater confidence and
pedagogical autonomy among teachers.

Keywords: Socio-scientific Issues. CTSA Approach. Teacher Training.
Science Education.

Conhecimentos prévios de professores de Biologia acerca das
estratégias e abordagens potencialmente significativas

Resumo

Foram investigados os conhecimentos prévios de professores de Biologia
sobre estratégias e abordagens didaticas com potencial para promover um
ensino de Ciéncias mais significativo, com foco em questdes sociocientificas
(QSC). Os dados analisados foram coletados durante um curso de formacao
docente, utilizando um questionario semiestruturado aplicado no primeiro
encontro formativo. A andlise foi conduzida com base na categorizacdo das
respostas. Os resultados evidenciam um conhecimento limitado dos
professores em relagdo ao uso de recursos didaticos, especialmente no que
diz respeito as QSC e a investigacdo tematica. Também foram identificadas
concepgOes alternativas sobre o planejamento de ensino voltado ao
letramento cientifico, refletindo uma visdo ainda reducionista e cartesiana
presente no imaginério desses profissionais. Ressalta-se a importancia de
ampliar os programas de formacdo docente, com o objetivo de fornecer
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ferramentas que favorecam o0 uso de metodologias de ensino mais
significativas, promovendo maior confian¢ca e autonomia pedagogica entre 0s
professores.

Palavras-chave: Questbes Sociocientificas. Abordagem CTSA. Formacgéao
Docente. Educacéo Cientifica.

1 Introduction

Socioscientific Issues (SSI) stand out as an essential tool in science education,
allowing for the discussion of controversial, interdisciplinary, and socially relevant
topics (Ratcliffe & Grace, 2003). This didactic approach integrates scientific and
technological knowledge with complex social, political, and ethical-moral contexts,
contributing to the development of critical and engaged citizenship. Furthermore, it
fosters skills such as argumentation, analysis of scientific evidence, and informed
decision-making (Dionor et al., 2020; Conrado & Nunes-Neto, 2018).

The emergence of SSI is associated with the Science—Technology—Society
(STS) movement in science education, although it differs by emphasizing ethical and
moral issues that demand deep reflection on the social impacts of technoscientific
advancement. Thus, these issues encourage engagement in public debates and
promote the formation of sociopolitical actions (Conrado & Nunes-Neto, 2018; Souza
& Gehlen, 2017; Keefer, 2003).

In the context of teacher education, several factors hinder the implementation
of SSI in didactic sequence proposals. Among the main challenges, one can highlight
the insecurity in addressing broad and complex topics, characteristic of this approach,
which require more time for classroom development. However, factors such as limited
curricular hours, the pressure to follow traditional curricula, little time for pedagogical
planning, and the difficulties in bringing teachers together for collaborative work are
some of the barriers educators face (Martinez-Pérez, 2012).

According to Santos (2007), SSI represent fundamental strategies to promote
scientific literacy by problematizing socially relevant issues and contributing to a

critical, reflective, and emancipatory education that prepares students for future
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challenges (Freire, 2005). Nevertheless, merely discussing these issues in the
classroom is not enough to achieve this goal, as it requires public policies that
encourage and enable their development.

It is important to consider the need to foster teacher education through the
diversification of strategies and pedagogical approaches that promote meaningful
learning. This is especially relevant in the process of empowering educators,
strengthening their confidence and pedagogical autonomy in applying active teaching
methodologies (Dionor et al., 2020; Conrado & Nunes-Neto, 2018; Fourez, 2003; Auler
& Delizoicov, 2001; Gil-Pérez & Carvalho, 2000). To this end, it is essential to start
from teachers’ prior knowledge, identifying formative weaknesses and strengths, since
this initial diagnosis helps to guide more effectively the training processes related to
SSI.

In this context, this study constitutes part of a research project in the field of
science education, focusing on the integration of the SSI approach, based on the
theme of water, thematic investigation in teacher education, and its connection with
scientific literacy and environmental sustainability (Fonseca, 2021).

In light of the above, this study aims to analyze the prior knowledge of
Biological Sciences teachers regarding strategies and didactic approaches with the

potential to promote more meaningful science teaching, with an emphasis on SSI.

2 Methodology

In this study, data were collected during the master’s research of the first
author, linked to a training proposal for pre-service and in-service Biological Sciences
teachers from various Brazilian higher education institutions. The research was
previously submitted to and approved by the Research Ethics Committee of the
Federal University of Rio Grande do Norte (UFRN), under registration CAAE
30106420.4.0000.5537 and opinion no. 4.329.978.
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The training program was structured as a course entitled “/nnovative
Strategies in Science and Biology Teaching: Socioscientific and Investigative Issues
from the Perspective of Scientific Literacy on the Theme of Water,” with a total
workload of 60 hours. This initiative was registered as a university extension activity
through the Office of the Dean for Extension (PROEX), under code CR422-2020, and
was offered in a Distance Education format, in partnership with the Office of Distance
Education (SEDIS), both affiliated with UFRN.

The course was publicized between June 25 and July 3, 2020, using social
media platforms such as Facebook, Instagram, and WhatsApp, as well as the official
PROEX/UFRN website. The training began on July 6 and ended on August 7 of the
same year. A total of 206 participants registered, of which 107 were validated.
Participation was open to individuals holding or pursuing a degree in Biological
Sciences.

The course offered to teachers was based on a teaching sequence entitled “A
Journey to Citizenship: Why? For What? And How to Read Scientifically,” grounded in
the perspective of scientific literacy, as proposed by Santos (2007). The sequence was
organized into three stages: (a) Fundamental Concepts; (b) From Theory to
Pedagogical Practice; and (c) Course Analysis and Evaluation (Figure 1). Classes
were held in the evening, lasting three hours each, and conducted via the Google Meet

platform.
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Figure 1 — Stages of the planning that guided the development of the training course
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Source: The authors (2020).

The results presented reflect the teachers’ prior knowledge regarding didactic
strategies and approaches, gathered during the first session, before the discussion of
the “fundamental concepts.” These data provide an initial analysis of the formative
context under study.

Data collection was carried out through a semi-structured questionnaire
developed in Google Forms and administered to the teachers attending the class. The
form contained 21 questions — 19 multiple-choice and 2 open-ended — aiming to
identify the teachers’ preliminary knowledge about the topics to be addressed
throughout the course.

The investigation employed a qualitative—quantitative approach, following the
propositions of Gil (2008). For data analysis, the categorization method proposed by
Bardin (2010) was adopted, allowing the data to be organized and classified according
to specific criteria defined in the study. The data processing occurred in stages: initially,
the information was digitized in an Excel spreadsheet for descriptive analysis;

subsequently, tables and graphs were generated to present the results.

3 Results and Discussion
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3.1 Identification of Biology teachers’ prior knowledge

The analysis of participants’ profiles revealed that, among the 107 teachers
whose registrations were approved for the course, 69% were women and 31% were
men. Within this group, 75.7% were engaged in continuing education processes, while
24.3% were enrolled in initial teacher training programs.

Regarding the academic qualifications of the already graduated teachers, 43%
held a master’s degree (of these, 61% worked in the hard sciences areas of Biological
Sciences, and 39% held a master’s degree in Education), 21% were specialists, 5%
held a doctorate (none in the field of Education), and 30% had not pursued any
postgraduate studies.

It is important to note that not all teachers whose registrations were confirmed
attended the first session. Among those present who answered the prior knowledge
survey questionnaire (N = 91), 59.3% stated that they were engaged in continuing
education, while 40.7% were in initial teacher training.

The next question addressed participants’ expectations regarding the course.
In this sense, all participants expressed an interest in deepening their understanding
of didactic strategies related to SSI and thematic—investigative teaching, aiming to

explore ways to address water-related topics in pedagogical practice (Table 1).

Table 1 — Answers to the question: What motivated you to participate in this teacher training
course?
Representative response excerpts

Initial teacher training

Continuing education

| am very excited. | want to understand the
importance of inquiry-based teaching and
socioscientific issues in science education,
aiming to put them into practice during my
pedagogical activities (Prof. 49).

| hope to learn more about these teaching
approaches so that | can promote discussions
increasingly closer to scientific knowledge in
basic education (Prof. 70).

| intend to learn how to incorporate this new
teaching methodology in the classroom in the
most effective way with students so that
teaching and learning become more efficient
(Prof. 69).

To gain knowledge and enhance our learning
journey, eager to learn from the successful
experiences of colleagues who, with great
dedication, developed and offered this course
(Prof. 58).
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Source: The authors (2020).
The responses indicate that teachers were motivated to understand and apply

potentially meaningful teaching methodologies, demonstrating an intention to
incorporate them into their professional practices. This scenario reveals a relevant
training opportunity, as it reflects genuine interest in improving educational practices
and a commitment to the development of pedagogical work.

Teachers were also asked whether they had prior knowledge of scientific
literacy. In this regard, most participants — both in initial and continuing education —
selected the category “frequently” as their answer, representing 43.2% and 38.9%,

respectively (Figure 2).

Figure 2 — Percentage of responses for each option to the statement: Have you ever
heard of scientific literacy?
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315
A
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5.6 Formagao continuada
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Source: The authors (2020).

The following question aimed to investigate how participants had their first
contact with or deepened their knowledge about scientific literacy. Most indicated that
this contact occurred during their undergraduate studies — 64.9% among those in initial

teacher training and 42.6% in continuing education (Figure 3).
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Figure 3 — Percentage of responses for each option to the statement: How did you
first approach or deepen your knowledge of scientific literacy?

Por meio das midias de comunicagdo
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Como estudante de pos-graduagio

Como estudante de graduagio
64.9
Como estudante de ensino basico

Source: The authors (2020).

Regarding the level of knowledge about the concept, principles, and application
of scientific literacy, the majority selected the option ‘little.” The responses were
distributed as follows: 56.8% for initial teacher training and 38.9% for continuing
education (Figure 4).

Figure 4 — Percentage of responses for each option to the statement: How would you
classify your level of knowledge about the concept, principles, and application of
scientific literacy?

27.8
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0,0
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Source: Research data (2020).
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When asked about their knowledge of the criteria used in planning and
evaluating teaching sequences focused on scientific literacy, the most frequent
response was “I am not familiar with them,” representing 43.2% among those in initial

training and 31.5% among those in continuing education (Figure 5).

Figure 5 — Percentage of responses for each option to the statement: Are you familiar
with the criteria used in the planning and evaluation of teaching sequences focused
on scientific literacy?
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Source: The authors (2020).

The data presented above highlight a significant gap in teachers’ knowledge
concerning the formative aspects promoted by scientific literacy. Such a deficiency
can lead to the development of teaching sequences that do not adequately address
the demands of comprehension, interpretation, and communication related to science
and technology, which, in some cases, may result in misconceptions. This scenario
underscores a major challenge in teacher education, indicating the need for initiatives
that expand educators’ understanding in this area.

Consequently, teachers were asked which aspects should be considered in
lesson planning from the perspective of scientific literacy. Several options were
presented, allowing each participant to select only one. The most frequent answer

reflected an alternative conception (Table 2).
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Table 2 — Percentage of responses for each option to the statement: What should
be considered in lesson planning from the perspective of scientific literacy?
Training
Init | Co
ial | nti
nui
Statements ng
ed
uca
tio
n

Defining objectives that enhance the development of students’ skills and
competencies, considering the school curriculum and adapting them to students’local | 27 | 3,7
characteristics and needs in order to bring them closer to the object of study. % %

Using experiments or science Kits in science teaching that help students understand

how scientific knowledge is constructed. 75, 1 72,
7% | 2%

Considering the level of content depth and seeking to work on conceptual and

procedural aspects as fully as possible. 10, 1 1.9
8% | %

Defining a single inquiry-based teaching method considered potentially meaningful. 2,7 | 11,
% | 1%

| don’t know. 8,1 | 11,
% | 1%

Source: The authors (2020).

The next question sought to determine whether participants had previous
contact with the concept of SSI. The most frequent response was “occasionally,”
representing 43.2% among teachers in initial training and 37% among those in

continuing education (Figure 6).

Figure 6 — Percentage of responses for each option to the statement: Have you ever
heard of Socioscientific Issues (SSI)?
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Source: The authors (2020).

Subsequently, teachers were asked how they first came into contact with or
learned about SSI. For those in initial training, the most frequently mentioned category
was “as an undergraduate student” (67.6%), while among teachers in continuing

education, the most common answer was “as a graduate student” (31.5%) (Figure 7).

Figure 7 — Percentage of responses for each option to the statement: How did you
first approach or learn about Socioscientific Issues (SSI)?
Por meio das midias de comunicacédo (TV,
radio, jornal, etc.)

Como estudante de curso de formacgao
continuada

Nunca ouvi falar

Como profissional atuante no ensino

superior Formacao continuada

. . , . m Formagdo inicial
Como profissional atuante no ensino basico

Como estudante de pos-graduacio
Como estudante de graduagao 67.6

Como estudante de ensino basico

Source: The authors (2020).
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Next, teachers were asked to assess their level of knowledge about the
concept or principles of SSI. Once again, the most selected category was “little,” with
51.4% among participants in initial training and 37% among those in continuing
education (Figure 8).

Figure 8 — Percentage of responses for each option to the statement: How would you
classify your level of knowledge about the concept or principles of Socioscientific
Issues (SSI)?

Suficiente 18,5
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Vo Formacao continuada
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Source: The authors (2020).
Following that, participants were asked what should be considered in lesson

planning from the perspective of SSI. Several statements were presented, and
participants could select only one. The most frequent answer in both training

categories corresponded to the only valid statement, as shown in Table 3.

Table 3 — Percentage of responses for each option to the statement: What should
be considered in lesson planning from the perspective of Socioscientific Issues
(ssn?

Training

Init | Co
ial nti
Statements nui
ng
ed
uca
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tio

The clear definition of controversial aspects of the content and its capacity to help | 62, | 59,
students understand scientific and social concepts and topics that may lead to | 2% | 3%
decision-making.

The definition of complex content and teaching strategies that help students learn | 8,1 | 3,7
scientific and social concepts, but with a focus on the teacher’s role. % %

The definition of topics neglected by science and the teaching strategies that help | 2.7 | 9.3

students learn them. % %
| don’t know. 27, | 27,
0% | 8%

Source: The authors (2020).

Participants were asked for their opinion on the relationship between the
Science, Technology, Society, and Environment (STSE) field and Socioscientific
Issues (SSI). Both training categories agreed that SSI are articulated as a science

teaching approach linked to the STSE field, as shown in Table 4.

Table 4 — Percentage of responses for each option to the statement: In your opinion,
is there a relationship between the field of study Science, Technology, Society, and
Environment (STSE) and Socioscientific Issues (SSI)?

Training
Init | Co
ial | nti
nui
Statements ng
ed
uca
tio
n
No, | believe that Socioscientific Issues (SSI) are a methodological approach, while the | 2,7 | 0,0
Science, Technology, Society, and Environment (STSE) approach is a field of study. % | %

Yes, | believe that the SSI approach is articulated as a science teaching approach linked | 91, | 96,

to the field of Science, Technology, Society, and Environment (STSE). 9% | 3%
Yes, SSI are the only way to work from the STSE perspective. 54 | 37
% %
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Source: The authors (2020).

SSl are integrated into the STSE field, as they focus on analyzing scientific and
technological contradictions and controversies that impact society, highlighting ethical
and moral issues that generate divergent opinions and demand sociopolitical
decisions. In turn, the STSE field inseparably addresses the effects of science and
technology within social and environmental sustainability contexts (Martinez-Pérez,
2012).

The next question invited teachers—both from initial and continuing education
programs—to indicate whether they had previously encountered the concept of inquiry-
based teaching. The results showed that the most frequent response was “frequently,”

representing 45.9% in initial training and 33.3% in continuing education (Figure 9).

Figure 9 — Percentage of responses for each option to the statement: Have you ever
heard of inquiry-based teaching?

11,1

Raramente o BER
- 16,7
Ocasionalmente 150
N 37 Formacao continuada
unca :
A 103 m Formagao inicial
Muito 31,5

frequentemente [l 108

Frequentemente

Source: The authors (2020).

Most teachers reported having first encountered or learned about inquiry-based
teaching “as undergraduate students.” This response accounted for 75.7% among

those in initial training and 61.1% in continuing education (Figure 10).
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Figure 10 — Percentage of responses for each option to the statement: How did you
first approach or learn about inquiry-based teaching?

Por meio das midias de comunicagao (TV,
radio, jornal, etc.)

Como estudante de curso de formagao
continuada

Nunca ouvi falar

Como profissional atuante no ensino

superior N .
Formagao continuada

Como profissional atuante no ensino basico & Formagio inicial

Como estudante de pos-graduacio
Como estudante de graduagdo

Como estudante de ensino basico

Source: The authors (2020).

Participants were then asked to assess their level of knowledge about the
concepts and/or principles of inquiry-based teaching. Among continuing education
teachers, the most representative response was “sufficient” (42.6%). In initial training,

there was a tie between “sufficient” and “little,” both with 32.4% (Figure 11).

Figure 11 — Percentage of responses for each option to the statement: How would
you classify your level of knowledge about the concept or principles of inquiry-based
teaching?
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Teachers were also asked which theoretical models of thematic and/or inquiry-
based teaching they knew. The questionnaire listed several options, allowing
participants to select more than one. The analysis showed that “project-based learning”
was the most frequently chosen option in both categories—51.4% for initial training

and 75.9% for continuing education (Figure 12).

Figure 12 — Percentage of responses for each option to the statement: Are you
familiar, at least partially, with any models of thematic or inquiry-based teaching
approaches? (You may select more than one option.)
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Next, participants were asked how often they had heard about science
popularization. For both initial and continuing education categories, the most frequent

response was “occasionally,” representing 35.1% and 31.5%, respectively (Figure 13).

Figure 13 — Percentage of responses for each option to the statement: Have you
ever heard of science popularization?

7.4
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frequentemente [l 10.8
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Source: The authors (2020).
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Teachers were then asked how they first encountered or learned about
science popularization. The most frequent response was “as an undergraduate

student,” with 56.8% in initial training and 50% in continuing education (Figure 14).

Figure 14 — Percentage of responses for each option to the statement: How did you
first approach or learn about science popularization?
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Como estudante de curso de formacao
continuada

Nunca ouvi falar

Como profissional atuante no ensino

superior Formagdo continuada

Como profissional atuante no ensino
basico
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Source: The authors (2020).

Regarding their level of knowledge about the concepts and/or principles of
science popularization, the “insufficient” category was the most frequent in continuing
education (38.9%), while “little” was the most representative in initial training (32.4%)
(Figure 15).

Figure 15 — Percentage of responses for each option to the statement: How would
you classify your level of knowledge about the concept or principles of science
popularization?
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Finally, the last question asked participants to consider the theme of water and
describe how they would plan a lesson based on the perspective of scientific literacy
and active citizenship. The purpose of this open-ended question was to identify
answers aligned with the course’s proposal — that is, those incorporating a variety of
didactic strategies and/or active methodologies related to a water-related issue. From

these responses, three main categories of alignment emerged (Table 5).

Table 5 — Percentage of responses for each option to the statement: Considering the
theme of water, how would you plan a lesson from the perspective of scientific
literacy and active citizenship?
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The data presented above reveal a limited understanding among teachers
regarding the use of these didactic resources as a means to enhance scientific literacy.
This limitation is reflected in the difficulties teachers face when designing lesson plans
that incorporate this perspective—an issue observed in the categories that emerged
from the evaluative item related to alignment with the pedagogical approach proposed
in this training, described as “partially” or “did not know how to answer.”

It is important to note that such limitations in theoretical and methodological
perspectives may ultimately result in practices that are insufficient to foster a critical,

reflective, and active stance in society (Dionor et al., 2020). However, the level of
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knowledge evidenced in this study—particularly regarding the SSI approach, thematic—
investigative teaching, and the overcoming of alternative conceptions—constitutes a
challenge to fostering a critical and reflective attitude toward the implications of science
and technology within the social context, aligning with the objectives of science
education (Brazil, 1997).

Thus, it becomes essential to design teacher education programs that
incorporate these strategies and methodologies (Fonseca & Costa, 2022), considering
their potential to strengthen scientific literacy and promote it within the context of social
practices (Santos, 2007). The results presented demonstrate significant formative
potential, expressed through teachers’ willingness to deepen these discussions in
order to improve their pedagogical practices and encourage more active student
participation in the classroom.

Given that these teachers were engaged in a pedagogical development
process, their participation in the proposed activities contributed to addressing training
gaps, promoting greater professional autonomy, and encouraging the adoption of such
methodologies in science teaching (Fonseca, 2021; Fonseca & Costa, 2022). For this
reason, it is crucial to continuously invest in teacher training programs aimed at
fostering more meaningful educational practices aligned with a critical and

emancipatory scientific education (Martins, 2005; Freire, 2005).

4 Final considerations

From the analysis of the data on teachers’ expectations regarding the course, it
became evident that participants were interested in expanding their knowledge of more
effective teaching methodologies, particularly emphasizing the SSI approach and
thematic—investigative teaching as their main motivations.

However, it was observed that, among both pre-service and in-service teachers,
mastery of these pedagogical strategies and approaches remains limited. Although
some participants had prior contact with the SSI methodology during their
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undergraduate studies, this exposure was generally superficial and insufficient to
ensure consistent practical application.

The findings point to the need to reconsider prevailing conceptions of science
teaching, which are often reflected in alternative understandings. In this regard, varied
perspectives were identified among teachers: some recognize the importance of using
experiments and science kits to demonstrate how scientific knowledge is constructed,
while others maintain a more restrictive view focused on a single investigative model.
This tendency reflects an approach still shaped by reductionist and Cartesian thinking,
which may hinder the implementation of more humanized and participatory
pedagogical practices—essential for the full development of students’ skills and
competencies. Such a scenario represents a significant challenge for teacher
education.

Considering this context, the course was structured with the purpose of
strengthening teacher education by broadening participants’ understanding of different
theoretical and methodological perspectives. The aim was to provide teachers with
greater confidence and preparedness to diversify didactic resources in their
professional practice, thereby fostering self-confidence and professional autonomy
when applying these strategies and pedagogical approaches in Science and Biology

teaching.
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