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Abstract: Socio-environmental issues become evident in countries with megadiversity. Brazil finds
itself in this context, adding to the fact that it has severe socioeconomic inequalities, of which we
highlight the lack of environmental justice. The present study has education for citizenship and
biodiversity as its principles, considering that this interface empowers the students to emerge from
socio-political perspectives to overcome environmental injustices. The objective is, therefore, to
identify concepts of biodiversity and citizenship present in arguments developed by high school
students in a socioscientific discussion. The research participants were nine students from a rural and
public school in Brazil. We designed and implemented a Focus Group on the disappearance of bees
and its consequences. The participants’ speeches were structured in arguments and analyzed from
categories regarding the dimensions of citizenship and biodiversity. We identified the relationship
among all categories in the arguments listed. However, we observed that these students are not
full citizens since they identify several obstacles to active participation in social transformation
actions. This study aims to contribute to research and science education strategies to promote active
citizenship and critical perspectives on biodiversity.

Keywords: biodiversity; citizenship; socioscientific issues; argumentation

1. Introduction

Since the 1960s, studies on socio-environmental issues have characterized and ques-
tioned the relationship between human beings and their respective social, economic, po-
litical, and cultural contexts [1,2]. The loss of biodiversity is associated with the loss of
well-being: “it causes disease outbreaks, risks to food, water, and climate security, natural
disasters, impoverishment, and marginalization of human populations” [3] (p. 5). The
Brazilian Platform on Biodiversity and Ecosystem Services (BPBES) highlights that, as
a biodiverse country, we should live without inequality [3]. However, we observe the
opposite: the absence of public conservation policies and people exclusion, especially the
poor, indigenous, and Quilombola people [4], whereas it is in the territory of indigenous
people and Quilombos that we find greater biodiversity [5,6]. These works raise criticisms
and discussions about the rights and duties linked to the environmental theme [7]. Guide-
lines and social movements placed these discussions in a political and collective field [7],
which required actions from/within the public domain and revealed the importance of
understanding the role of citizens in the face of environmental issues [8].

Currently, the Post-2015 Agenda aims to comply with the Sustainable Development
Goals (SDGs) [9-11], which strengthen the various socio-environmental actions sought since
the mid-twentieth century. To achieve this goal, it is necessary to change paradigms in how
we act within and around the world. In this study, we understand that an efficient way to
overcome this paradigm is quality education, as proposed in SDG4: Quality Education [9],
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which favors a deepening of citizens” education while highlighting the importance of other
SDGs. As will be discussed later, this study considers this goal as a great axis since it
approaches skills and knowledge in an integrated way, noticing critical transformations
aligned with social and economic ways of life and human rights to achieve environmental
justice. In this study, we understand that we must privilege educational actions that seek to
unveil the oppressions and overcome them from the protagonism and belonging in their
locality to promote this SDG; here, we highlight Latin America and global south countries,
such as Brazil, as a focus.

In megadiverse countries, these goals become even more notorious, especially when
we observe that the world’s greatest wildlife and biodiversity loss has been happening in
central/south America [12,13]. In addition to harboring severe socioeconomic inequalities,
Brazil is in this situation, including environmental injustice [3,14]. According to [15], the
lack of environmental justice reveals itself in unequal situations of exposure to environmen-
tal and social risks, which result from the logic of accumulating economic resources and
which, therefore, lead to the environmental penalty of the most vulnerable.

The discussion about environmental justice, or its absence, is comprehensive and
complex, with several aspects to be considered in the economic, cultural, social, ethnic-
racial, ethical, and political spheres. To [16], the knowledge and action that permeate these
spheres help the citizens’ education, aiming at a status of justice and equity. The idea of
citizenship is present during discussions on environmental justice since, in the field of
justice, the role of the citizen is of fundamental importance.

Institutions that aim to raise awareness of biodiversity management are at the center of
discussions about the importance of citizenship in environmental justice since these are of
great importance in creating more sustainable interactions with the environment [8,17,18].
Among these institutions, the school stands out. According to [19], the educational actions
developed at school must exist between environmental problems and the demand to
establish new bases of knowledge and values. For this, it is necessary to promote knowledge
and reflection on the different dimensions that involve biodiversity, recognizing its breadth
and complexity. Therefore, approaching the theme in the educational context implies
unveiling and problematizing, from a relational perspective, the functional, genetic, and
phylogenetic dimensions of biodiversity [20].

Considering the need to discuss socio-environmental issues in the school context to
highlight the injustices present in different segments of society, in addition to the promotion
of critical individuals capable of acting in the face of such issues, great potential is seen in
science education [21,22]. This subject is in a privileged position to foster the discussion of
socioscientific themes.

Argumentation occupies a relevant position among the skills required for science
education in the context mentioned above [23]. The importance of argumentation as
a linguistic resource is well known, given its wide insertion in the social field and the
subjects” discourse, and it is in the discourse that cultural meanings are elaborated and the
idea of belonging and identity is projected [24]. Therefore, skills such as recognizing and
listing data, warrants, and claims in the face of existing problems are part of the subject’s
construction and its cultural discourse, helping to formulate a critical understanding of
reality and being and acting in it from a collective and critical perspective. Therefore, to
argue is to make explicit values, cosmovisions, and identities in the construction of the
feeling of belonging, a key aspect of citizenship [7,16,25].

The research of [26] reveals the importance of having a dialogic relationship between
views of citizenship and science education’s objectives, strategies, and methods. For
example, we cite the discussions related to biodiversity management, which are suggested
as a trend to promote education for citizenship [26]. However, the study by [27] points out
that little of this relationship among topics is effectively applied in pedagogical practice.
Although there are curricular proposals aimed at critical citizenship, many didactic actions
end up in content and technical proposals, which give little space to skills such as the
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problematization of reality and argumentation, distancing themselves from a dialogical
perspective that aims to question and act in situations of environmental injustice.

We aim to contribute to studies related to citizenship and science education that focus
on education for biodiversity. To achieve this, we applied a focus group of high school
students, who raised arguments about the disappearance of bees and the relationship of this
fact with economic, cultural, social, and scientific aspects. In this sense, the present study
aims to identify conceptions of biodiversity and citizenship in the arguments developed by
high school students during a socioscientific discussion.

1.1. Biodiversity and Science Education

The author of [28] points out inadequate perceptions of society regarding biodiversity’s
ethical aspects, which leads to limited management of biodiversity, as well as several gaps
to address the issue in the educational sphere. Given these restricted understandings of
biodiversity, it is necessary that educational areas, namely science education, bring together
different aspects and visions, including issues of justice and ethics [29].

According to [30], there are three different ways of understanding education for bio-
diversity according to the diversity of values linked to the concept: (i) promoting the
understanding of oneself and the environment; (ii) promoting the understanding of the
intrinsic relationships between organisms and their ecosystems, questioning the human
stance in these relationships; (iii) promoting a critical understanding of reality to increase
the equitable distribution of natural resources and an international policy. Consequently,
education for biodiversity can integrate aspects beyond the conservation of biological
heritage, also becoming a goal of citizenship education. However, the education for biodi-
versity is often restricted to understanding terms and concepts, remaining disconnected
from political, social, and economic issues, presenting the problems linked to biodiversity in
a fragmented way, distant from citizens, and leading to superficial and technical views [31].

To counteract fragmented education, the studies must seek to increase citizens” aware-
ness of socio-environmental rights for all social, economic, and cultural groups. This
perspective is very important for the Brazilian context, in which biodiversity is part of
citizens’ rights and, consequently, is based on the field of political and social dispute. The
Brazilian Constitution legally provides that everyone has the right to an “ecologically
balanced environment, a good for the common use of the people and essential to a healthy
quality of life, imposing on the public power and the community the duty to defend
and preserve it for present and future generations” [32] (p. 131). Therefore, biodiversity
also needs to be part of a science education that is critical and engaged in overcoming
environmental injustice.

For [33], the movements for environmental justice and pressing for education curricula
are more affirmative of these collective identities. According to the author, it is necessary to
propose basic contents and curricula that address the diversity of identities and worldviews.
For this, educational institutions must aim to educate citizens who can identify, understand,
problematize, and argue about environmental injustices, the dimensions of biodiversity
involved, and the consequences for society.

In this context, ref. [34] emphasizes science education as the scenario to overcome
hegemonic conceptions and oppressions. The authors point out that it is essential to
think about science education in this dialogical relationship with society and political
transformation. For [35], the interest in approaches that bring citizenship education closer
to science education is based on the need to educate citizens capable of responsibly and
critically understanding the issues of their society, based on scientific knowledge.

Therefore, knowing that biodiversity in our country is a matter of environmental
justice, citizens must understand the importance of conserving different dimensions of
biodiversity and demand democratic, fair, and responsible management for different social
and cultural groups.
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1.2. Citizenship and Education

The authors of [36] stress that special attention must be given to the repetitive and
constant appearance of terms such as “education for citizenship” in curricular guidelines since
these discourses may be linked to initiatives to rebuild a policy of trust between government
and society. This insistence on documents may relate to the fear that a society that questions
public actions will develop, which, according to [27], threatens groups that hold back economic
power. Given this possibility, science education must consider the political /economic situation
of the nation to avoid the reproduction of a purely economic discourse.

For citizenship not to be restricted to curricular guidelines, the existence of an in-depth
understanding of citizenship is important since restrictive views can result in depoliticized
pedagogical actions [37]. In this sense, it is necessary to delimit the concept of citizenship.
For [38], the definition is imposed unilaterally or scaled up by members of civil society.
According to [39], social demands have expanded the concept, seeking to ratify the impor-
tance of being linked to a democratic perspective of common rights and responsibilities.
Therefore, the democratizing understanding of the theme can create an awareness of be-
longing and active community participation. The author of [16] proposes that society
should configure itself justly so its members recognize its legitimacy and build a collective
identity. In this context, citizenship theory can be equated to principles of justice and
belonging. According to the citizenship view exposed, we consider the concept proposed
by the author [16] in her book Citizens of the world: for a theory of citizenship. To [16], the
citizen understands and cooperates in favor of common goods in the face of the relational
complexity of the dimensions inherent to his role as a citizen: social, political, intercultural,
economic, and civil. Therefore, citizenship must integrate a legal status, a set of rights;
a moral status, a set of responsibilities; and an identity through which the person feels
belonging to a certain society [16].

We consider that each dimension adds to the recognition and problematization of the
environment. In this way, the civil and social dimensions enable reflection and action in the
face of rights and responsibilities—private and public—regarding the socio-environmental
problem. The political and economic dimensions make it possible to break the silence
of those affected by these instances based on questioning and action in decision-making
on biodiversity. Thus, the intercultural dimension is revealed, which becomes evident
in the plural social systems shared by different cultural groups. Therefore, this inherent
multiculturalism demands the recognition and participation of these certain agents in their
different contexts in constructing identity and decision-making about socio-environmental
problems [16,34,40].

In the Brazilian scenario, we live in several situations marked by socio-environmental
injustices that urgently require citizen education from a [41] perspective, promoting re-
flection on the rights and duties regarding the environment. In this context, the aim is
to develop the critical citizen, who questions injustices and bases his position on socio-
environmental problems [22,42]. Therefore, it is axiomatic to value a responsible conception
in the development of these citizens, enabling them to understand and criticize the struc-
tures of power in the different dimensions of citizenship, seeking to expand the quality of
life at the individual and collective level [37,43-45].

According to [21], students should act responsibly on environmental, economic, social,
and ethical aspects. To achieve this, studies indicate an education for citizenship, consider-
ing the political aspects of teaching [16,21,46]. In addition, pedagogical practice must be
committed to citizens’ participation, opposing the feeling of powerlessness [22,47]. The
authors of [34] propose that to approach this citizens’ awareness, science education must
integrate the specific issues of the student’s location/context with structural and hegemonic
issues in their society.

Given this, the present work defends a commitment to education for citizenship as
an emancipatory and collective context, aiming to question and overcome latent unequal
relationships in society. We align with Freire’s educational perspectives, considering educa-
tion for and in a world in which social controversies are unveiled and problematized [41].
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According to [41], humanized educational actions must aim to liberate oppressive struc-
tures; they must go beyond technical practices. For this, the pedagogical praxis must allow
individuals to reach positions of power through scientific knowledge.

2. Materials and Methods

This study aims to identify conceptions of biodiversity and citizenship in the argu-
ments developed by high school students during a socioscientific discussion. This research
followed a qualitative perspective and consisted of an observational case study [48,49], since
the research is exploratory in nature. This way, the obtained data are context-dependent,
aiming to describe aspects inherent to the specific situation and delineate the didactic
actions more adequately suited to that context [48]. The process of the research follows
the principles of social research as proposed in [49,50]. It is noteworthy that all research is
guided by a constant and extensive review of the literature, as proposed by [49,51]. The
workflow of this process is summarized in Figure 1.

STEP 1 . m STEP 4 STEP 5

Research - Research Tools' = Processingand = Thematic content * Categorization
design - elaboration and " coding the data  * analysis -

data collection
Audio’s

. : . transcription . .
Structuring ) T
- . in Speech . .
the Focus
i Group 3 Turns . ; .
. Preti, 1999; Arguments
. Rabiee, 2014 .  Kerbrat-Orecchioni, 1994 mapping .

selection . Toulmin, 1958; -
of context . Ethics - = Jiménez-Aleixandre and ]
re:;dmh M ED - Brocos, 2015 : Cortina, 1998;
hil approval . FAPESP, 2016
Content analysis }va"daﬁun 5
(context and record Conversation
e Focus units’ delimitation) analysis
T - Group
/ Terms of A application . Kerbrat-Orecchioni, Kerbrat-Orecchioni,
consent ] - = 1994; Bardin, 2009; Flick, = 1994
i Rabiee, 2014; Motokane . 2013:

\\\?Iaboratlorj - i and Pereira, 2017; Pommer

and Pommer, 2014

}Validation 1 bvmidarign 2 ’Validation 3 bVaIidatiun 4

Literature Review (Umar, 2020; Randolph, 2009)

Figure 1. Study procedure flow chart [16,49,51-61].

The first step was to design the research, selecting the context and subjects of our
research (Figure 1). We collected the data inside the classroom with a group of nine students
from the second year of high school (between 15 and 17 years old, randomly selected). We
proposed the number of students according to [52], who consider the optimum number
of participants to be between six and ten, aiming to maintain a variety of perspectives at
the same time that the focus of the discussion remains. The teacher and coordinator, of the
school’s only first- and second-year classrooms, randomly selected the group.

We chose the students’ age range due to the complexity of the content covered and the
suitability of the topic to the Brazilian biology curriculum. The study follows Resolution
No. 466/2012 of the National Health Council on Research with Human Beings, approved
by the Ethics Committee of Faculdade de Filosofia, Ciéncias e Letras de Ribeirao Preto-USP
(protocol code 10039419.2.0000.5407; date of approval: 23 July 2019).

We selected the school for this research from a list of our research group partners that
have authorized us to research with them since 2013. This school is in a rural area with
8.143 inhabitants and only one public high school. The city has industrial and agricultural
production areas surrounding it, mainly sugar cane and peanut plantations, which are
the basis of their economic and agricultural production. Consequently, the school com-
munity lives under pressure from agribusiness, which has made educational efforts to
enhance the interests of the rural economy, such as lectures and pedagogical materials
emphasizing agribusiness and neglecting the environmental and labor issues involved in
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this economic chain. This context leads to the omission of deeper discussions regarding
socio-environmental issues. It is also worth mentioning that they belong to a socioeconomic
group with few resources and a history of migrating from the country’s northern and
northern Brazilian regions; some of the students were literate only after ten years old, and
many of them go to school to have a meal.

The second step of this research was the research tools’ elaboration and data collection
(Figure 1). Our research group produces didactic materials and research tools based
on dialogue and requirements from schools, which can be described in three stages of
production: “Research phase,” “Practice phase,” and “Dialogic phase” [62]. The researchers
dialogue with the teachers, pedagogical coordinators, and school principals. In addition,
there are incursions into the school to learn about the subjects’ realities involved in that
teaching and learning process. These materials are produced from the observations and
data collected. The initial production goes directly to the professor, who analyzes and
adapts the material according to his criteria. After the application of the class, the material
returns to the researchers for further reformulation. The production, validation, and
application of the focus group followed these assumptions.

The Focus Group was the method used for data collection. According to [53], this
methodology enables the debate of emerging societal situations and stimulates positioning
among the participants, promoting the externalization of spontaneous conceptions arising
from this process. A mediator is needed to hold a focus group to encourage a discussion
based on generating issues and promote a focused and spontaneous discussion [54,63].
This research had two mediators in the Focus Group, interacting and ensuring that the
subjects took a stand and built their arguments.

The guiding questions of this Focus Group addressed the socioscientific problem of the
disappearance of bees and its consequences [55]. The analyzed data comprise part of this
discussion, focusing on the bee’s disappearance and its effects on the environment. To start
the discussion, we presented two videos. The first one was about the campaign “Bee or not
to be,” which discussed the importance of preserving bees. The second video consisted
of excerpts from the sixth episode of the third season of the Netflix series “Black Mirror,”
which addressed the possibility of using robot bees in the context of the disappearance
of these insects. Thus, students should reflect on and question the consequences of using
this technology.

The next step was processing and coding the data (Figure 1). Firstly, we transcripted
the speeches from the Focus Group’s audio recording according to the orientations in [55];
secondly, we organized them into speech turns (ST) (our record units—term detailed in
the next paragraph), according to [56], which generated a total of 355 speech turns. Speech
turns are the enunciation per subject; therefore, ST1 is a subject starting to speak, ST2 is
another subject starting, and so on. We highlight some representative examples of them in
the Supplementary File ST(x).

Then, we used the content analysis proposed by [55-59,64] to code our data. According
to [59], this method focuses on manifest meaning by following a systematic description of
data using a coding frame, generating category definitions, and segmenting the material
into coding units. For reliability assessment, the quality criteria are consistency and validity.
We used as context units the guiding questions of the focus group, such as “What is the
importance of bees for biodiversity and citizenship?” and “What can we do to change the
‘disappearing of bees’ scenario?” We considered the record units as the students’ speech
turns. That is to say, we used this methodology to process and finalize the organization of
the students’ speeches. Therefore, we first looked for what they were talking about, using
only the lines that were addressing the questions (context units), and later, we organized
them in speech turns (ST—context units). Non-representative speech turns, those that do
not fit the agenda discussed, were removed from the analysis (e.g., speeches regarding the
temperature of the air conditioning; random comments), as well as overlapping and/or
inaudible speeches.
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Subsequently, since this is a horizontal discussion in terms of power relations, the
discussions made by the students and their speech turns can be difficult to analyze [56].
Therefore, we need to find thematic content analysis [55-59,64], step four of our research;
for this, we use Toulmin’s Argument Pattern—TAP adaptation [65], which was the criterion
for extracting the categories (Table 1). Therefore, in this study, the arguments constitute
the central unit of analysis. That is to say, arguments will be categorized according to their
discussion content.

Table 1. Categories used to analyze the concept of biodiversity.

Category Description

When the students portray roles that organisms play within
populations, communities, and ecosystems; interaction with
ecological processes; the role of these relationships in the
generation and maintenance of biodiversity.

Functional Biodiversity

When the students portray evolutionary processes in the
Phylogenetic Biodiversity relations of species, features of appearance, and extinction of
living beings; considers different species (taxonomy aspect).

When the students portray genetic components in the
Genetic Biodiversity maintenance of biodiversity; addresses aspects related to the
variability of genes within the species or populations.

Source: Prepared by the authors.

We based our conclusions on the structural analysis of the argument, according to the
contributions of [60]. For the research, an argument was one that included data (which
supports the conclusion and has an empirical nature), warrants (which have an explanatory
character and mean to conclude the data), and claims (an assertion to be defended) [60]. In
the analysis, it was also possible to delimit another element of the argument, the rebuttals,
which explain the conditions for a given claim to be valid [60]. Inferred elements are
those that do not appear explicitly in the subjects’ speeches and were considered by the
researchers based on their dialogical ideas considering the entire subjects’ speech content.

We highlight some limitations of TAP’s uses in school contexts: Ref. [66] stated that the
TAP does not consider the context of the construction of arguments (process); warranties
are normally implied; during classroom discursive interactions, there is no linearity in
the construction of arguments; [67,68] reported difficulty finding the warrant and backing
elements of the TAP in classes whose theme is related to a socioscientific issue.

To support the data analysis, we analyzed the speech turns and the arguments follow-
ing the methodological guidelines of [56] for conversation analysis. This type of analysis,
with a qualitative approach, is based on the analysis of verbal and non-verbal interaction
shifts. In the case studied, the conversation has elements such as phrases and words that
can be classified into categories built a priori. According to [56], conversations have a small
number of participants who have the same rights and duties and dialogue for the pleasure
of exchanging experiences, ideas, and information. These moments of interaction are used
in the construction of the data.

It is worth considering that within the Focus Group, more than one argument can
emerge; this configuration is due to the collaborative nature of the argumentative process
investigated here. Collaborative, dialectical, or dialogic arguments require the interface of
different perspectives, and it is expected that participants share perceptions and ideas [69].
During the interaction with other information and positions of other participants, these
perceptions can be restructured and resigned [70]. Therefore, the arguments of this study
cover the perspective of a collaborative argumentative process [61], involving interactions
of speeches by different subjects throughout the entire interaction of the Focus Group,
running from ST1 to ST 355.

After that, we investigated the arguments’ content in terms of the dimensions of
biodiversity and citizenship as step five of our research (Figure 1). For this, we used
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analytical categories delineated from the particularity of the data obtained and based on
the literature. Therefore, the categories arising from extensive literature reviews, involving
the comparison of a set of literature against an established set of criteria [49,51], were the
dimensions of citizenship and biodiversity; we considered the revision proposals by [16,71]
(Tables 1 and 2).

Table 2. Categories used to analyze the concept of citizenship.

Category Description

When the students portray issues involving the production,
distribution, and monetization of consumer goods and
services; the role of private and public business institutions in
economic management.

Economic Citizenship

When the students portray rights and duties for collective

Social Citizenship goods (e.g., health, environment, education).
When the students portray responsibilities and rights related
Civil Citizenship to everyday life at an individual level for the practice of the

common good; aim at the trial of civility, social participation,
and solidarity.

When the students portray implications of different social,

Intercultural Citizenshi . . .
. e P economic, and cultural groups in society.

When the students portray political rights; questions
Political Citizenship regarding government measures; norms and public duties to
live in a community based on legislation.

Source: Prepared by the authors.

It is essential to note that the entire study was planned and codified according to [62].
Our research group comprises academics and teachers of primary and higher education.
Coding and validation are carried out based on rounds of group analysis by these specialists,
which are then debated and reviewed by the researchers.

3. Results

The first argument identified in the students’ discourse deals with the discussion
about the importance of bee preservation (Figure 2). For this, the students discussed
five aspects that characterized the “data” of the argument. These aspects evidence the
search for evidence for the claim of the argument. Within this argument, the students
considered the following as given: the disappearance of bees, the pollination process,
the importance of food production, species diversity, and the implementation of robots.
These data corroborate the claim about the importance of bee preservation (Figure 2). This
conclusion was justified in six topics (Figure 2), with scientific content on areas of biology
and aspects related to citizenship. As a rebuttal, the participants pointed out that the
population will not consider preservation if they are not aware of the problem.

Figure 3 presents a summary of the categorized contents and the relationships with
the elements of the arguments. We noted the appearance of categories in each element of
the argument (Figure 2), representing the dimensions of citizenship and biodiversity found
throughout the discussion (Figure 3).

The second argument analyzed refers to the discussion about the possibilities of actions
to avoid the extinction of bees, according to the question, “Is it possible to do something
to change this situation of the disappearance of bees in our society?” In this argument,
the students relativized their role as citizens, listing the main obstacles to acting on the
subject in question. Participants revealed a difficulty in being heard and discrediting the
ability of youth to interfere in the issue debated. Participants claim that the actions that can
effectively solve the problem of the disappearance of bees must come from people older
than themselves or representatives elected by them.



Sustainability 2023, 15, 2987 90f18

Data

Given that:
1. Bees can be extinct

(STI6) Claim
2. (l;eTeTs) are  pollinators Therefore:
3. Bees are food (T24, T32, It is important to preserve all the

T33)

4. There are several species
of bees (T51)

5. Use of robots in a
scenario of disappeared
bees (inferred)

bees (ST 24, ST54 - ST55)

Warrants

Since:

A. Bees participate in plant reproduction (ST 16, ST 21, ST 23)

B. The disappearance of bees can lead to an imbalance in the food chain
(ST 39-ST 45, ST 261-ST 269)

C. There is honey productions by some groups of the society (ST 30, ST
230, ST 240 - ST243) understanding  about the

D. Every living being plays a role (ST 82 - ST 84, ST 87, ST 127) importance of bees (ST 92 -

E. There are specific plant/pollinator relationships: the adaptive process ST 98)
takes longer compared to the (current) extinction process (ST 90, ST
114 - 118, ST 127)

F. The use of robot bees is an illusory action: not everyone would have

access, everything would become more expensive (ST 150, ST 261, ST
270 - 274, ST 285, ST 296 - ST 303)

Rebuttals

Unless:

There is a lack in the society

Figure 2. Structural analysis of argument one found in the first episode of the Focus Group. The
major representative students” speech shifts used to elaborate this argument can be found in the
Supplementary File—ST(x): Speech turns.

IS IT IMPORTANT TO PRESERVE BEES?

Data .
E— Claim
PHYLOGENETIC
BIODIVERSITY S
CITIZENSHIP
FUNCTIONA SOCIAL
Warrants PHYLOGENETIC
- BIODIVERSITY Rebuttals
ECONOMIC GENETIC
CITIZENSHIP BIODIVERSITY
I SOCIAL
' 9" CITIZENSHIP
INTERCULTURAL FUNCTIONAL
CITIZENSHIP BIODIVERSITY

Figure 3. Summary of the content discussed in each element of argument lone, considering the
categories of biodiversity and citizenship.

For this, the students specified three main questions that characterize the data. These
aspects reflect the subjects’ perceptions regarding the representation of young people, as
listed in Topics 1 through 3 of Figure 4. From these considerations, the students concluded
that preserving bees is difficult since the decision-making power and the actions that can
effectively solve the problem of bee extinction are restricted to specific groups in society
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and not to youth. Four justification topics support this argument, which outlines reasons
and influences for the restriction of the active community.

Data

Given that:

1. Young people are unable
to participate in society's Claim
decision-making (ST 109)

Therefore:

2. Older people have more

voice in society (ST 109) The preservation of bees is hampered
3. Older people participate (inferred)

in  decision  making

(inferred)

Rebuttals
Warrants Unless:
Since:

The society goes through a
A.  Adults are influenced by the media (ST 190) Y 8 =

B. Adults are influenced by government/public policies (ST 190, process of de-alienation and

ST 341, ST 225) would be aware of the
C. Adults are influenced by power (big ones - ST 190, ST 225) problem. Then, they can
D. Adults are influenced by the industry (ST 109, ST 225) mobilize to change the

situation (ST 98, ST 104, ST
158)

Figure 4. Structural analysis of Focus Group argument two. The major representative students’ speech
shifts used to elaborate this argument can be found in the Supplementary File ST(x): Speeach turns.

From the moment that society’s knowledge on the subject changes (“rebuttal”), it is
possible that they reach collective measures in favor of an effective transformation in the
preservation of bees. For this, members of society must have scientific knowledge of the
problem, go through a process of building critical thinking, and, finally, be able to fight
together for the common good. Figure 4 represents these data.

In this context, the argumentative process permeates the association of different actors
and social spheres in dialogue. Such considerations start from different dimensions of
citizenship, associating the environmental problem with the influence of other fields of
culture, such as the media, government, politics, and industry, among others. In addition,
Figure 5 explains the dimensions of citizenship used in the argument.

IS IT POSSIBLE TO DO SOMETHING TO CHANGE

THE SITUATION?
Data ‘
Claim
SOCIAL
CIviL CITIZENSHIP
CITIZENSHIP
Warrants
CIVIL Rebuttals
CITIZENSHIP
CIVIL
CITIZENSHIP
ECONOMIC POLITICAL
CITIZENSHIP CITIZENSHIP

Figure 5. Summary of the content discussed in each element of argument two, considering the categories
of biodiversity and citizenship.
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4. Discussion

From Figures 3 and 5, we can see that the arguments mobilize the dimensions of citizenship
and biodiversity in the argumentative process, which is characterized by different elements.

It is necessary to emphasize the appearance of elements that characterize the phyloge-
netic dimension of biodiversity (Figure 3). In the context discussed here, this dimension is
required and presented as a justification for a position in a socioscientific discussion that is
relevant to the teaching of biodiversity.

To understand the phylogenetic perspective in primary education, it is not necessary
to use specific methodology and algorithms in the area but to recognize the evolution of
specific characteristics of living beings [72,73].

The data in Figures 2 and 3 indicate that students understand the evolutionary pro-
cesses of adaptation as determinants of the features of living beings and recognize the
importance of maintaining specific relationships among species on a temporal scale. Com-
prehending the theory of evolution by understanding the relations among species is associ-
ated with essential areas in science, such as taxonomy.

We observe little usage of genetic biodiversity in the arguments. The students point
out the ecological importance of bees in terms of their role in maintaining genetic variability.
However, they do not elaborate on their response when required by the mediators. The
genetic perception highlighted in the discussion reproduces the gaps associated with teach-
ing these concepts, which may be related to the difficulties in understanding this content in
biology teaching, described in the literature as complex and highly abstract for students [74].
The genetic dimension approaches the genetic level of biodiversity [75], thus reflecting the
issues raised by [76]. According to the authors, this level of biodiversity presents high con-
ceptual complexity. The author of [77] (p. 100) highlights that understanding biodiversity
at a genetic level also requires understanding the concept of species and the very elements
of genetics that require a high degree of abstraction, such as “genes, alleles, differentiated
reproduction, genetic variability, natural selection, reproductive success, among others”.

For functional biodiversity, we observe aspects associated with the ecological char-
acter, a very evident element associated with biodiversity [78]; relationships between
beings/environment, predominantly trophic and ecological niches. For [77], understanding
the relationships between beings and considering temporal and spatial elements leads to
an ecological and evolutionary understanding of biodiversity that is highly complex since
it includes several concepts.

Therefore, data analysis points to relationships among the different dimensions of
biodiversity as warrant for a conservationist position. For this, students use scientific
knowledge to trace the consequences of a specie’s disappearance by associating morpho-
logical, behavioral, ecological, physiological, and genetic characteristics. Such perceptions
are significant for understanding the breadth and complexity of biodiversity management.

However, The Black Mirror’s episode has a problematic point that was not brought up
for discussion in the Focus Group. The honey bees mentioned in the episode are native
to the United Kingdom but not to Brazil, and the use of an introduced species can cause
several harmful environmental situations and lead to a loss of biodiversity since exotic
bees increase seed set and hence the weediness of some exotic plants [79]. This could
have been a rich socioscientific discussion due to the trade-offs between a practice that
exclusively serves human interests (i.e., agricultural productivity) and the preservation of
native biodiversity, including native bees.

Nevertheless, for citizenship issues, it is noteworthy that students point out principles
of economic citizenship (Figures 3 and 5). Students questioned the real participation of all
members of society who are affected by economic decisions in the decision-making process.
They also discuss the lack of democratic access to technologies that supposedly solve
socio-environmental problems since the benefits of monetizing products and services are re-
stricted to specific social groups (Figure 2). In addition, they discuss the environmental and
social responsibility of industries regarding the expansion of an existing problem in society
(Figure 4). From the economic warrants in the argumentative process (Figures 2 and 4),
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the students perceive the citizen responsibility of business institutions. In this way, young
people bring the idea that “a horizon of legitimation of norms must be established that,
applied to the economic and business world, requires that the economic constitution and
business norms be decided dialogically, having all affected groups as interlocutors” [16]
(pp- 79-80). These considerations characterize a moral conscience and a critique of ethics in
the economic sphere [16].

Regarding the social dimension (Figures 3 and 5), it is noticeable that the students
discussed managing their social rights, such as food, a balanced environment, and access to
information. As proposed in [16], citizens must question how to manage and not lose such
rights, aiming at their maintenance and administration. For the author, the access to and
the request for human rights are based on the principle of an ethical demand for justice that
must be met by the state. In this sense, social citizenship engages in dialogue with issues of
the intercultural dimension, encompassing all groups living together in society.

Another aspect is the request for collective action. According to the students, there
should be no social group apart from whose who understand the problem; everyone
should be aware that it is necessary to conserve the environment. As proposed in [16] and
highlighted in the students’ speech, the full understanding of social citizenship involves
the ethics of justice, which considers that no member of society should be unprotected;
otherwise, they are not considered a citizen by that society.

Not feeling like citizens, they cannot fight for their social rights to be considered. These
considerations regarding disenfranchisement and a sense of belonging become evident in
argument two, mostly in the rebuttal element. In this element, students state that it is only
possible to change the scenario of the problem in question if everyone is aware, but for that,
everyone must have access to information.

In the conceptualization of civil citizenship, the intrinsic relationship of this domain
with political participation (the political dimension) for the maintenance of basic rights (the
social dimension) is observed [16]. This conceptualization is also evident in the students’
speeches when they consider that access to information should be available to everyone
so that engagement and social and political representation can occur (Figure 4). This
understanding of the students is close to what [16] understands by the moral duty of
civility. In addition, this perception concerns the democratic consensus of minimum justice
(basic rights for a just life), which must be considered in the action of civil associations and
the participation of these groups in political issues.

As observed in the students’ speeches, in arguments one and two (the refuting element,
see Figure 4), it is worth noting that because it is an environmental asset belonging to the
social heritage of all its members, it is necessary to understand the extent of the socio-
environmental problem. Based on this understanding, it is possible to promote joint
work with the population to maintain this right, considering the political, economic, and
intercultural dimensions.

Therefore, despite incorporating all dimensions of citizenship and biodiversity rela-
tionally throughout the arguments, students do not feel like full citizens in their society.

The authors of [79] defend the education of a citizen who understands environmental
issues, which primarily presupposes information and, substantially, responsibility and action.
For this, the authors highlight the importance of recognizing environmental issues in different
areas: information; responsibility (civic and supra-individual); and concrete practices.

In the present work, the students constructed the perceptions on these topics proposed
by the authors based on the relationship between dimensions of biodiversity and citizen-
ship. In argument one, we observed the mobilization and informational recognition of
multidimensional causes as well as local and global consequences of the ecological problem.
The searches for individual and collective responsibility in this process are also highlighted,
as evidenced in the refuting element and, also, in the justifications. In this argument,
however, the possibilities of concrete action in the face of reality are not evident. For [79],
ecological knowledge and the determination of responsibilities are not enough; it is also
necessary to point out the nature of the environmental issue and take concrete actions in
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the face of the problem. This aspect becomes more evident in argument two, in which we
only have dimensions of citizenship that surround the delimitation of responsibilities in the
face of the impacts of certain actions and inactions in the face of the socio-environmental
problem; difficulty in recognizing sufficient information and especially options for action.
Students portray this last aspect as a lack of possibilities for the transformation of reality,
which culminates in difficulties in overcoming the current oppressive reality, pointing to
impotence and passivity.

This fact is associated with the citizenship context in which these students are since
they do not access their basic rights and duties. Students find themselves in a scenario
highlighted by [80] as “semi-citizenship”. According to the author, this concept is con-
figured in the plural realities of liberal democracies, in which some groups do not have
access to the entire package of citizenship rights, causing a disparity among social groups,
with some having “more complete” rights than others. Therefore, these subjects are in a
situation of citizenship in which they recognize that access to information and participation
in environmental issues are restricted to those with greater political and economic power.
These perceptions refer to reflections on the neoliberal system into which they are inserted
and the perception that their citizenship is reduced to the power of consumption, including
discussions of an environmental nature [81]. These data may be related to the actions and
interests of big rural producers in a small rural town in the interior of Brazil surrounding
the student’s perceptions, which caused much silence, making them objects [41]. In such a
way, since they do not access or participate in the environmental discussions, it creates an
environment of environmental injustice.

However, the relationship between the dimensions of citizenship and biodiversity in
the students” arguments led to the construction of a discourse dealing with unveiling the
environmental issue. That is, the subjects recognized the complexity of the dimensions
of biodiversity involved in the problem, using scientific knowledge to reveal reality. At
the same time, they constructed questions regarding their rights, tensions, and interests
and recognized possible power relations in the different dimensions of citizenship. They
are beginning to recognize elements of conflict and, consequently, their distance from
socio-environmental discussions. In this context of oppression, where people from the
subordinated have a voice [82], as mentioned above, educational actions must promote
the recognition and assumption of the socio-cultural identity of individuals, which are
essential to educational practice as asked by [83] (p. 42): “The historical, political, cultural
and social experience of men and women can never be ‘virgin’ of the conflict between the
forces that hinder the search for self-assumption by individuals and groups and the forces
that work in favor of that assumption”.

Our data (especially argument two) show this attempt by students to understand
the processes of environmental destruction, their consequences, and possible actions,
seeking oppressive causes and forces and constructing arguments. They are achieving their
processes of liberation and critical insertion into reality dialogically, as well as the impetus
to transform it, which are essential factors for the teaching of biodiversity and citizenship
that we defend.

The interface of the themes identified in the argumentative process brings robustness
to the discussion, constructing well-founded and critical arguments in the face of the so-
cioscientific discussion. For [31], this critical analysis is extremely relevant, as it makes it
possible to re-signify the role of the citizen, the reason for the socio-environmental degradation,
the well-being of the agents involved, and citizen participation. Therefore, understanding
and revealing these aspects and asymmetries through citizen action enables “a process of
reconstruction of knowledge that allows an integrated analysis of reality” [84] (p. 62).

The relationship between citizenship and biodiversity made by the students in argu-
ment one shows essential elements of scientific literacy, such as the relationship between
science, technology, and society. However, when asked about possible actions, they cannot
project a plan to protect the bees. Therefore, these results highlight the need to change the
transmissive educational vision of scientific literacy to a transformative one with a more
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robust engagement with social participation and emancipation [85-87]. In this sense, it is
evident that it is necessary to propose an education that goes beyond simplistic discussions
and reaches these young people’s effective action in their reality [88]. It is necessary to break
with a science education restricted to scientific concepts and technological products without
its social implications to overcome passivity in the face of complex socio-environmental
problems; it is necessary to empower students in argumentative processes and the au-
thorship of concrete socio-political interventions [22,89-92]. In this way, our data make
us question the current science education and prospect initiatives that deconstruct the
passivity of this youth in the face of socio-environmental tensions. We agree with [22,47,89]
that it is necessary to aim at the engagement of citizens in their society and expand the
understanding of current power relations beyond purely ecological terms and concepts.
According to [84,86], there is no other way to transform reality than to practice a humaniz-
ing pedagogy dealing with socio-political actions [22,89], which, instead of overcoming the
oppressed and maintaining them as “things,” establishes a permanent dialogic relationship
with them.

5. Conclusions

The present work aimed to identify conceptions of biodiversity and citizenship in
the arguments of high school students in a socioscientific discussion. It was possible to
observe that the students positioned themselves in the argumentative process, and, in
addition, they traced relationships between the concept of biodiversity and the concept of
citizenship. Data analysis showed that the socioscientific and argumentative character of
the Focus Group was essential to promoting the discussion of the different dimensions of
citizenship and biodiversity. Throughout the process and from the mediation, we requested
data, warrants, and student claims, which triggered argumentative skills involving the
different dimensions of citizenship and biodiversity. In this way, the argumentation made
it possible for students to engage about current socio-environmental issues, the collective
construction of social meanings for biodiversity, transposing common sense discourses,
and approaching the possibilities of the exercise of their citizenship.

The results corroborate research in science education that defends argumentation
on socioscientific issues as a tool to recognize and discuss domains of the exercise of
citizenship. This strategy is relevant because when students understand the biological
and social aspects involved, as well as actions to change, they feel a sense of belonging
and then consciously participate in the practices and decision-making that involve these
issues. Thus, limiting scientific teaching to concepts unrelated to an evident and purposeful
socioscientific discussion (transmissive scientific literacy) is insufficient if the objective is
education for citizenship based on presuppositions of environmental justice.

In the assumptions of citizenship education, the objective of educational practice is to
provide students with the ability to apply youth culture issues to build their civic and moral
responsibility. When observing the demands in the speeches of these adolescents regarding
their participation in society beyond the individual scope, responsibly and collectively,
aspects linked to the propositions of citizen education become evident.

Therefore, studies such as this one—which promotes the characterization of how stu-
dents conceive their role in managing biodiversity and its relationship with citizenship—can
clarify how teaching approaches need to explore these issues (biodiversity and citizenship).

We highlight the limitations of this study, as it is a case study. However, it is necessary
to stand out and deepen in cases that analyze how a minority feels in the face of oppression
and exclusion from socio-environmental discussions, such as in contexts of small rural
towns that are subaltern and dominated by agribusiness interests, especially in the teaching
of science/biology. In this sense, case studies such as this one can contribute to the
construction of responsible decision-making and a fair society and, consequently, move us
closer to the SDG 4 targets and Education for Sustainability, as they reflect. It addresses the
impacts of individual and collective actions when considering different futures in cultural,
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social, and economic terms (a local-global perspective) and empowers individuals to act in
complex situations and socio-political processes from an environmentally fair perspective.

These relationships must be deepened in school practices, especially in socioscientific
discussions. It is not enough to work only on the environment-society relationship; it is
necessary to reflect deeply on each coexisting dimension as well as the relationships and
power interests involved.
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