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Abstract In this paper, we present a model that relates epistemic 
practices and socio-scientific issues (SSI) in science education. In order 
to develop it, we establish interweavings between norms, practices, 
epistemic objectives, epistemic cognition, informal reasoning, 
epistemic practices and justified positioning. We suggest that epistemic 
cognition is the link between reasoning and epistemic practices. We 
present three epistemic goals that should guide work with epistemic 
practices when solving a SSI: recognising and using multiple lines of 
reasoning when solving the SSI, construction and evaluation of holistic 
arguments aiming to understand the multiple dimensions of the SSI 
and the development of sceptical investigations to resolve the SSI. The 
stated objectives contribute to the critical assessment and resolution 
of the SSI. We believe that for the construction of social norms in 
teaching environments with SSI, it should be considered that these 
questions do not require a “single” answer and, therefore, a space for 
reflection, awareness and justification of the different perspectives 
on the question must be allowed. The relationships established in 
this article contribute to research that aims to develop and analyse 
epistemic practices “in situ” in teaching contexts with SSI. In addition, 
they have the potential to provide support to teachers who wish to 
favour the occurrence of epistemic practices in a SSI approach.

Introduction
A desirable target for Science Education consists of the students’ involvement 

with the epistemic goals of Science (Jiménez-Aleixandre & Crujeiras, 2017; Kelly, 
2008; Kelly & Duschl, 2002). As proposed by Duschl (2008), Science Education should 
establish a balance between conceptual and epistemic cognition within subject work, 
from a perspective of social learning. Epistemic goals of Science are linked to the sphere 
of ‘how we know what we know’; in other words, how scientific knowledge is produced 
and legitimated within scientific communities (Jiménez-Aleixandre & Crujeiras, 2017; 
Duschl, 2008). Within the context of Science teaching, the emphasis on these goals 
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may contribute through the justification of statements of knowledge in the classroom 
and through students’ understanding of scientific knowledge as a human construction 
of a social nature; produced in scientific communities based on social practice and 
standardised actions, which are recognised and internalised within its members, and 
which guide scientific work (Kelly, 2008). 

In this way, over the last few years, researchers of the area of Science Education 
(such as Berland et al., 2015; Erduran, 2015; Jiménez-Aleixandre & Crujeiras, 2017; 
Osborne, 2014; Stroupe, 2014) highlight the work with Science practice in the Science 
classroom. This is justified through the learning of conceptual, epistemic and social goals 
based on engagement of the students with such goals.

Work with Science practices in the classroom shall have the main aim of 
construction of a teaching environment in which the students’ knowledge of the world 
and aspects of scientific work shall be exploited in an authentic manner, which means 
keeping a connection with what occurs in Science, but in a way that is significant for them 
(González-Howard & McNeill, 2019; Pierson et al., 2019; Stroupe, 2015).

In this regard, some research studies (Christodoulou & Osborne, 2014; Kelly & 
Licona, 2018; Lidar et al., 2005; Sandoval, 2005; Sasseron & Duschl, 2016; Silva, 2015) 
have a focus on epistemic practices which emerge within the process for the teaching 
and learning of science. Epistemic practices are defined as the ways in which individual 
people, as members of a community, Interact seeking to produce, appraise, communicate 
and legitimate knowledge (Kelly, 2008). 

Epistemic practices of Science within Science Education favour the involvement 
of students in the processes of production, assessment, communication and legitimation 
of knowledge that has a relationship with construction in Science. At the same time, they 
favour understanding of how the social processes of Science justify our beliefs in models, 
laws, theories, and scientific concepts (Kelly & Duschl, 2002).

We also consider that the perspective of learning based on the practice community, 
in which knowledge and learning are constituent elements of individuals’ participation in 
social practices within their communities (Lave & Wenger, 1991) could help to envisage 
how epistemic practices came about and how they get established within contexts of 
teaching with a SSI approach. Thinking based on this perspective, we must consider that, 
according to the approach to teaching (for example, with socioscientific questions (SSI) or 
through an investigative approach), different objectives, practices, standards, identities, 
and values are shared by members of the community (Kelly & Licona, 2018; Lave, 1996; 
Sadler, 2009). 

Therefore, it is no easy task to Project teaching environments in which the epistemic 
practices of Science are given priority, which also requires a look at the particularities of the 
approaches to teaching. Considering that (i) research into epistemic practices are focused 
on the investigative approach (Motta et al., 2018; Sasseron & Duschl, 2016; Silva, 2015) 
and (ii) the approach based on teaching with SSI differs from the investigative approach 
in relation to the goals, knowledge and reasoning involved; in the present article we shall 



3

A Model Proposal to Address Relationships Between Epistemic Practices and Socioscientific Issues in Science...

      RBPEC 21 | e35748 | 1–28  |

make some studies of the particularities of the standards that need to be constructed in 
the classroom community with SSI, and we also connect the reasoning process involved 
in the solution of an SSI and epistemic practices. We prepare a model that addresses 
relationships between communities of practice, standards and social practices, epistemic 
cognition, reasoning, and epistemic goals and practices, to be able to contribute to in 
situ research studies on epistemic practices in approaches to teaching with SSI.

Our goals are justified especially due to the absence of academic works that 
connect epistemic practices and SSI. We now present greater details about the gaps in 
academic literature and about SSI within Science Education, as also the potential of this 
approach, which justifies our effort in the establishment of theoretical relationships.

Situating research in specialised literature on Science Education
When approached within the teaching process, SSI are drawn up based on 

problems or controversial situations of a social ilk, and whose possible solutions require 
an articulation between scientific knowledge from different subject areas, as also ethical, 
political and economic considerations. For example, public health problems in the 
current case, regarding the use of hydroxychloroquine as treatment for Covid-19, and 
vaccination as a more general form of treatment) or current social and environmental 
problems (such as global warming and the greenhouse effect; production of foodstuffs 
using pesticides versus agroecological production; extinction of bees) are examples of 
issues for development of SSI within Science Education (Conrado & Nunes-Neto, 2018; 
Sadler et al., 2017; Zeidler et al., 2005). 

Due to the controversial nature of such questions, and the possibility of them 
accepting many different solutions, they require the students making a decision about 
which position should be taken up. This means that, within Science Teaching, we should 
lead the students to look at these problems from many different angles, and also present 
them with a wide range of resources for the solution of SSI, so as to expand their view of 
problems under discussion, so that the solution of SSI may be critical and well-justified 
(Conrado & Nunes-Neto, 2018; Dionor et al., 2020; Sadler, 2009). In other words, we 
need to avoid simplistic approaches, for example those where there only the spread of the 
view that increased development of scientific and technological knowledge contribute 
to greater well-being of the nation, without considering social inequalities. As teachers, 
on promoting SSI, we want students to be able to make queries: ‘Why are things like 
this? Why can’t they be different?’, and thus enable thought rather than accommodation 
and indoctrination.

In this regard, one of the main goals of teaching with SSI is the promotion of 
scientific literacy — which is the qualification of people who are able to deal with issues 
of scientific vase, starting out from an active and critical role in decision-making and 
positioning within society (Hudson, 2018). Together with this, the teaching approach 
using SSI makes it possible to create virtue and character in the students based on moral 
judgements, which is part of a thought over implicit and/or explicit ethical components, 



4  

Ramos & Mendonça

| RBPEC 21 | e35748 | 1–28  

with regard to the problems (Zeidler et al., 2009; Zeidler et al., 2005). Moral judgement 
is opportunised because the SSI bring out ethical and moral thoughts about what the 
‘correct’ decision would be, and what we’ should’ do. The establishment and choice of 
the right answer (what we should do) raises issues and concerns about morality (what 
actions are right, and which are wrong) and ethics (the reasons and justifications to 
consider such actions as either right or wrong) (Hodson, 2018). Here we should mention 
that this is not a question of seeking the answer that is ‘right’ based on a standard 
determined in advance, because the issue of ‘right’ and ‘wrong’ shall be linked to the 
ability to raise queries about the order currently in effect, critical analysis of hegemonic 
cultural standards, and also the possibility of envisaging actions and scenarios that 
surpass immediate answers given without any thought and without common sense, with 
regard to the enforced reality (Nunes-Neto & Conrado, 2021).

The approach to teaching with SSI also has the potential of enabling work with 
epistemology of Science in the classroom (Sadler et al., 2007; Zeidler et al., 2019; Zeidler et 
al., 2009). The SSI allow the contextualisation of knowledge about Science, on exploiting 
the relationships between technology, society, and the nature of the scientific work. In fact, 
Zeidler and collaborators (2009) observed that the experience of high school students 
with SSI over one academic year allowed the development of viewpoints about science 
investigation, in a contextualised manner. However, turning to the implications of the 
research, the authors then argued that, even though the teachers promote development 
of coherent viewpoints about Science in the students, it is still more relevant for the work 
with aspects of Science in the classroom to go beyond the mere formation of viewpoints 
and beliefs, so that the students may get involved in other situations related to scientific 
activity. Other research studies about epistemologies in Science Education (Kelly, 2008; 
Kelly & Duschl, 2002; Mendonça, 2020; Lidar et al., 2005; Sandoval, 2005) also consider 
that epistemology of Science in the classroom should be exploited using a perspective 
that considers the appropriation of ideas and Science practices by the students. This 
stresses the need to investigate the relations between scientific activities, on the one 
hand, with the process of reasoning during the solution of an SSI, so as to favour the 
work with the epistemic practices of Science, in a way that the students may develop, 
criticise and use such practices for the solution of such questions (Berland et al., 2015; 
Kelly & Duschl, 2002). 

Together with this, considering that the mobilisation of epistemic practices by 
the students allow the construction of justified knowledge (Motta et al., 2018; Sasseron 
& Duschl, 2016; Silva, 2015), we feel that the establishment of a relationship between 
epistemic practices and the solution of SSI may contribute to the construction of justified 
positions about the issue. Indeed, Dionor and collaborators (2020), on conducting a 
research study about teaching proposals based on SSI, highlighted that not always have 
they opportunised the development of a conscientious position justified by the students. 
We therefore consider that a better understanding of the role of epistemic practices in 
approaches of this type could contribute to the field.
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Research studies on epistemic practices within Science Education have been 
focused on investigative approaches (Motta et al., 2018; Sasseron & Duschl, 2016; Silva, 
2015). One of the main gaps of this specialised literature is the lack of articulations of 
epistemic practices with the approach based on teaching with SSI. As discussed by Kelly 
and Licona (2018), there are important differences between the investigative and SSI 
approaches to teaching, with regard to the goals, types of knowledge used, and the line 
of reasoning to be developed by the students.

With regard to the purpose of teaching, in the investigative approach it includes 
the planning and use of results, in seeking to provide an answer to the scientific issue 
under investigation (Kelly & Licona, 2018). In the case of the SSI approach, the initial 
target includes analysis, assessment, discussion of various perspectives about a social 
issue of scientific ilk, and taking a position with regard to the issue (Sadler, 2009). This 
is because the solution of an SSI does not only pass through the sphere of Science, either 
because a consensus has not yet been reached, or because of the many possibilities 
of answers to the case at hand, for example; for example, based on ethical or moral 
considerations.

On solving the SSI, the students get involved in a course of reasoning, based on 
which they analyse and discuss the different slants of the question, so they pay then draw 
up their own opinions, these being questions with different solutions possible (Sadler, 
2009).

In this regard, in relation to the type of knowledge exploited in each of the 
approaches, in an investigative question it is expected that the students shall collect data, 
evidence, and explanations of scientific knowledge (Kelly & Licona, 2018). In contrast, 
in the case of the SSI approach, the focus is that the students should develop a holistic 
reasoning with regard to the question. For this reason, the explanations, arguments 
and evidence shall not be restricted to a merely scientific perspective (Kelly & Licona, 
2018). We are well aware of the fact that, in teaching using an investigative approach, 
knowledge beyond the scientific sphere could have an influence, or be discussed during 
the investigation (Franco & Munford, 2020). However, different from the SSI approach, 
the discussion of knowledge outside the scientific sphere is not the central goal of the 
investigative approach.

We therefore consider that the lack of research into epistemic practices in the 
approach to teaching with QSC could be justified, as a result of the specificities regarding 
processes of reasoning, objectives, and the knowledge involved in the resolution thereof, 
bringing in questions like ‘how can one research into epistemic practices in contexts of 
teaching with SSI’. The assessment of epistemic practices means an analysis of the types 
of reasoning regarding knowledge, in terms of the social practices shared by members of 
a community (Kelly, 2008; Pierson et al., 2019). This having been said, it is notable that 
two aspects have an influence on the assessment of such practices: the ways of reasoning 
about knowledge, and the type of community, as well as the methods of interaction that 
mould the practices involved in the discussion of the problems in the classroom.
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Bearing in mind that the work within a context of teaching with a SSI approach, 
which are intended to investigate the construction of knowledge, did this in relation to 
individual reasoning (Sadler, 2004; Sadler & Zeidler, 2005; Silva, Delmondes et al., 2013; 
Simonneaux & Simonneaux, 2009; Zeidler et al., 2009), meaning that, in other words, 
there was no assessment of this construction in terms of practices, in the present paper 
we have sought to move on with the relationships between the methods of reasoning 
about knowledge for the solution of a QSC and the epistemic practices of Science.

We have the support of the perspective of learning from practice communities 
(Lave, 1992, 1996), as this helps us to envision the classroom regarding it as a community 
where learning takes place through enculturation and appropriation of the practices as 
established there (Lave & Wenger, 1991; Kelly, 2019). It is also important to consider that 
we are not viewing the classroom as a community with established practice, but consider 
that this perspective could help us with our thoughts on construction of identity, social 
practices, and the relationship between learner and teacher in the classroom. In other 
words, we consider that the perspective of the community of practice favours one looking 
at the forms by which the interactions in the classroom could mould the practices 
situated there (Kelly, 2019). 

In this regard, bearing in mind that the interactions that occur within these 
communities are governed by standards, discourse, identities, objectives, and practices 
shared by its members (Lave, 19920, in the present work we also have the aim of advancing 
with the particularities of the standards that could be shared in the classroom, using a 
SSI approach to teaching. This aim is justified due to the work by Sadler (2009) and Kelly 
and Licona (2018) having exploited the other particularities of this approach; in other 
words, discourse, identities, goals and practices of the teaching approach using SSI.

The work by Kelly and Licona (2018) had the main purpose of extraction 
of implications for Science Education, from the empirical research about scientific 
practices as carried out in the scientific communities. Based on this, the authors defend 
the view that, depending on the teaching approach used, different aspects of scientific 
culture shall be emphasised. The authors propose the possibility of conceptual, social, 
and epistemic aims and epistemic practices as may emerge in different approaches to 
teaching (investigative, engineering, and SSI).

In the work by Sadler (2009), there was the assessment of empirical research 
studies with SSI in the classroom, in order to explore the particularities of discourse and 
identities as identified in this approach.

Therefore, considering the gaps in research studies that i) discuss the particular 
features of the standards that could be shared by the members of the classroom for the 
solution of an SSI and ii) establish a link between the ways of reasoning about knowledge 
for the solution of an SSI and the specialised literature on epistemic practices, in the 
present work we have the aim of advancing our theoretical relationships. 
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Social standards in an approach of teaching with SSI
The perspective of learning in a community of practice is considered for a study 

of the classroom culture in which one seeks the appropriation of the students involved in 
epistemic practices. According to this perspective, the process of learning considers that 
the cognitive movements of the individual people are derived from their actions and 
interactions within this environment (Lave, 1992). This means that, as a continuation 
of the practice, the act of learning lies in certain types of coparticipation between its 
members. This means that the individual people shall see the meaning of learning as it 
being a matter of involvement with the practices of the respective communities, from a 
standpoint of intentional engagement. (González-Howard & McNeill, 2016). Therefore, 
a community of practice works around a project, a common goal, while the members 
mutually engage for the attainment of this goal, and also share a repertoire of common 
practices to do this (Lave & Wenger, 1991; Lave, 1992). This means that the objective, the 
mutual engagement, and the sharing of practices between the members of a community 
of practice are three elements that we wish to call your attention to, for the social 
construction of knowledge in the classroom, according to this perspective.

In the case of the approach to teaching with SSI, it is expected that the members 
of the classroom are organised in a way that shares the common goal of discussion and 
solution of the SSI (Sadler, 2009). In this article, we defend the view that they shall share, 
get involved, and appropriate the epistemic practices of Science for the solution of these 
questions. It is hoped that the students shall have the opportunity to take a position as 
active contributors with problems of the society, thereby generating interest in the use 
of their ideas about processes and understandings of Science, in problems that affect 
society (Sadler, 2009). In this case, the particularity of the community that could be 
established for the solution of SSI in the classroom lies in the fact that Science is linked 
to a controversial social problem, for which the students shall take up a position. Based 
on this perspective, Sadler (2009) discusses that, in the classroom with an SSI approach, 
it is important that the students develop a feeling of having something to say about 
the problems; in other words, they should feel part of this problem, participating as if 
legitimate participants of the social dialogues involved in the discussion.

In this way, aiming at the occurrence of epistemic practices and the involvement 
of the students in the solution of SSI, then we discussed the standards for interaction, 
that are relevant for construction in the communities with SSI. The standards that we 
defend here are connected to those involved in scientific culture, considering the need 
for enculturation of the students with aspects that have some link to Science. We did this 
basing ourselves on reference mark about social norms of social knowledge (Longino, 
2002; Sasseron & Nascimento, 2019) and also the work by Zeidler and his collaborators 
(2009) about reflective judgement in the SSI approach. 

On studying the scientific communities, Longino (2002) stresses four types of 
social norms (moderate equality, public standards for analysis, forum, responsiveness 
to criticism) which give science greater objectivity, prioritising criticality against the 
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statements of knowledge. Nascimento and Sasseron (2019) relate such standards to the 
social process that may take place within the context of the Science class. They observed 
that the public standards of analysis and responsiveness to criticism, on being opportunised 
within a group of students, favoured the construction of explanations that are more 
and more elaborate, and that have been justified by them. The article by these authors 
suggests that, when the social norms that guide scientific work also govern the work in 
the classroom, there is the favouring of the construction of more and more elaborate 
positions, justified by the students.

Zeidler and collaborators (2009) argue that, in the contexts with SSI, it is 
important that the teacher show respect and attention to the premises of the students, 
considering that these are ideas under development and are also genuine and sincere 
reflections on the way they give a meaning to the world. The authors also highlight 
the fact that, if the students perceive any disrespect or lack of emotional support, they 
can show themselves to be less willing to get involved in discussion or to take on the 
intellectual and personal risks that are necessary for the development of the SSI, and 
this could block the construction of opinions that are conscientious and justified, about 
these issues.

This makes us note the importance of construction of moderate equality (Longino, 
2002) among the members of the classroom, seeking the creation of an environment 
where everyone’s ideas are respected and taken into consideration at the moment of 
discussion, setting out from the assumption that everyone has intellectual authority, 
meaning that they are equally capable of making a contribution, in a more horizontalised 
relationship of power (Nascimento & Sasseron, 2019). 

We recognise that moderate equality should be prioritised in other approaches 
to teaching, as allowing moderate equality in the classroom in fact does mean the 
considerations of the proposals known to the students. However, we wish to call attention 
to the particularity of the standard of moderate equality in a teaching approach based 
on SSI. We feel that the teacher, as an epistemic authority, should favour the justification 
of the students’ views about SSI, based on the discussion of the fundamentals of 
the different perspectives as here invoked, but without having the aim of taking the 
student to a homogeneous answer. This is different from contexts where the knowledge 
discussed has already been legitimated by the scientific community, because even if 
the teacher should consider the different perspectives shown by the students, he or she 
should guide the discussion to a form of knowledge that has already been legitimated, 
with the teacher, as an epistemic authority, being the spokesperson representing Science 
within the school (Stroupe, 2014, 2015; Nascimento & Sasseron, 2019). To the extent 
that moderate equality within SSI contexts means considering that different positions 
with regard to the problem may indeed exist, and that it shall be up to the teacher to 
support the students in a search for justifications for each of them, so they may gain 
awareness of the possibilities, and then decide, in a reflective form, about problems that 
are controversial.
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It is also expected that during the forwarding of the students’ positions about 
the SSI, they would have opportunities to propose and defend their own standpoints 
regarding the problem and assess the positions that the colleagues have raised (Zeidler et 
al., 2009). This means it would be important to support the students when appraising data, 
evidence and arguments put forward about the controversial problem, opportunising that 
they make appraisal judgements. This makes us realise that, linked to the construction 
of moderate equality between the members of the classroom, for the consideration of 
the SVQ solution, there should also be norms connected to what Longino (2002) called 
public standards and forums. The public standards are those sets of criteria for which the 
assessments occur critically, thought of like the set of criteria and knowledge that have 
been presented and/or established with the classroom community. The forums refer to 
the need for the classroom to be configured as a space for presentation, criticism, and 
review of evidence, methods, hypotheses, and arguments, among others (Nascimento & 
Sasseron, 2019). 

With regard to the public standards and forums that could be opportunised in 
approaches to teaching using SSI, the specificity lies in the fact that the criteria for the 
assessment of evidence and arguments of each line of reasoning that affects the issue 
shall have different perspectives. This occurs because, for example, the assessment of 
moral knowledge involved in SSI must follow the same criteria used for the appraisal 
of scientific knowledge (Allchin & Zemplén, 2020; Moshman & Tarricone, 2016), due 
to the fact that the former is based on normative principles that guide human actions, 
while the second is based on evidences (Nunes-Neto & Conrado, 2021). 

Apart from the considerations made by Zeidler et al (2009), we add that the 
standard regarding responsiveness to criticism (Longino, 2002) must also be opportunised 
in the approach to teaching with QSC because, considering that different perspectives 
should exist during the discussion of the controversial problem, the classroom should 
be configured as a space for presentation, criticism and review of evidence, methods, 
hypotheses, and arguments, among others, Responsiveness to criticism refers to this 
process of acceptance of criticism, thoughts, and review of ideas (Longino, 2002; 
Nascimento & Sasseron, 2019). In this case, one must consider that, on solving an SSI. 
There is no ‘single’ answer (Zeidler, 2015). This means that criticism shall exist in the 
sense of promoting thoughts about the different feasible possibilities for solving the 
issue.

Considering the perspective of learning in a community of practice, as we envisage 
the construction of social norms in the classroom, we are assuming that knowledge and 
learning are situated within a social practice (Lave, 1992). Social practices, according 
to Kelly (2008), consist of a standardised set of actions that are recognised by the 
members of a group with shared purpose, expectations and cultural values. This allows 
us to understand the imminence of epistemic practices in the SSI approach to teaching 
because, according to Kelly (2008), epistemic practices are social practices that have a 
connection with knowledge. 
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To understand the particularities of epistemic practices that emerge from 
reasoning about a SSI, we deepen our studies about reasoning and epistemic cognition 
(for example, Alexander, 2016; Chinn & Buckland, 2011; Clément, 2016; Elby et al., 
2016; Greene et al., 2016; Kelly, 2016; Kienhues et al., 2016; Kuhn, 1991; Moshman 
& Tarricone, 2016; Toulmin, 2006) seeking to understand the fundamental cognitive 
processes that the students should develop to take up critical positions with regard to 
the SSI. Later, we identify relationships between reasoning, cognition, and epistemic 
practices.

Thus, on placing knowledge within a perspective of rationalisation and cognition, 
we are casting our eyes upon the ‘microscopic’ dimension of the processes that involve 
epistemic practices. This having been said, in the following section we shall exploit the 
relationships that we have established between social norms, social practices, epistemic 
cognition, reasoning, and epistemic practices, as part of the approach to teaching with 
SSI.

Epistemic cognition and its connection with social norms and 
practices 

Setting out from a social and cultural perspective of knowledge, mental processes 
are internalised based on social interaction (Clément, 2016). Therefore, we defend the 
view that cognition depends on social factors (Clément, 2016; Kelly, 2008). The term 
‘cognition’ may be used to refer to mental processes (for example, methods of reasoning) 
and to refer to mental representation (for example, a person’s mental representation of 
a bicycle) (Greene et al., 2016). In this work, we shall be considering the perspective 
regarding mental processes.

This means that, as knowledge is developed within a community through social 
interaction, the mental process, like that for justification of a statement, is not merely 
an individual matter (Clément, 2016). Similarly, in scholastic science, it is desirable that 
‘what counts’ as a contribution for what is considered knowledge should be decided 
socially — preferably conditional on evidence — rather than being a decision made 
arbitrarily by an authority (Kelly, 2008). On the other hand, practices learnt by a group 
are internalised in different ways by individual students (Clément, 2016; Kelly, 2008). In 
this regard, Kelly (2008) highlights that reasoning has a public and social function, with 
intersubjective norms and consequences.

Social standards (as highlighted in the previous section) should be opportunised 
in the approach to teaching based on SSI, seeking to make the epistemic cognition of 
students be the result of social interactions and favour objectivity of knowledge when 
solving the questions. Therefore, the key point is that, as Longino (2002) points out, 
rationalisation and socialisation are both aspects inherent to knowledge, as these are also 
the social factors responsible for solving scientific controversies, and not only cognitive 
factors. Therefore, we believe that social factors, just like social norms and practices, and 
epistemic cognition, should be intertwined so that there may be the solution of the SSI.  
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As cognition refers to mental processes, internalised based on the social sphere, 
and the term ‘epistemic’ refers to knowledge (this being acquired through social 
processes), epistemic cognition can be understood as the learnt ways about how to reason, 
for the construction of knowledge (Elby et al., 2016; Kelly, 2016).

As a result, epistemic cognition shall help with the self-regulation of reasoning 
(Moshman & Tarricone, 2016). We therefore understand that epistemic cognition shall 
involve awareness building, understanding, and internalisation of the individual person, 
regarding ways of reasoning about knowledge.

Here we should mention that epistemic cognition is also very important for 
scientific reasoning (Elby et al., 2016; Kuhn, 1982), considering that it involves the 
generation of hypotheses and assessment of evidence. In this regard, by way of example, 
we consider that some methods of reasoning about knowledge, which we feel are 
important to be learnt and should be part of epistemic cognition of students in Science 
Education are: how to make use of evidence for the construction of statements; how to 
use practices of reasoning based on models to propose, assess, justify, communicate and 
legitimate ideas, and so on.

Having said this, we shall go deeper into the reasoning involved in the construction 
of knowledge, in an approach to teaching based on SSI, seeking to understand the 
particularities of epistemic cognition.

Epistemic cognition and reasoning in a teaching approach with 
SSI

Before we comment on the epistemic cognition that is part of the process for 
solving SSI. It is worth delving deeper into what we understand as reasoning, and why 
we have decided on the term ‘epistemic cognition’.

Reasoning can be better defined in terms of thought and inference (Moshman & 
Tarricone, 2016). In the opinion of the authors, inference normally refers to the generation 
of new knowledge, using different processes. However, not always do inferences involve 
the building of awareness in the individual person. This is because initially inference is 
merely habitual, later becoming conscientious processes (Toulmin, 2006). The building 
of awareness regarding inference allows people to reflect upon the justifiability of results.

The act of thought involves the control of inferences, involving the regulation 
thereof (Moshman & Tarricone, 2016). However, on thinking, people normally tend 
to adjust their inferences in line with some personal goal. For example, faced with a 
problem, a person must think of a solution; if the problem is then solved, the thought 
will have been successful. In this way, thought tends to be more concerned with success 
than with the awareness of generation of new knowledge or better understanding. For 
this reason, in daily decisions, when judging or making plans, people tend to coordinate 
their inferences and develop thoughts to meet their own purposes (Moshman & 
Tarricone, 2016).

On the other hand, if the individual person develops a line of thought in order to 
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assess what they should believe in, and what shall be considered true1, and considers the 
justifications for different options, then the person is reasoning (Moshman & Tarricone, 
2016), which means that reasoning is related to justification of knowledge (Clément, 
2016). 

At this moment, it is worth factoring in the counter-argument raised by 
Alexander (2016), who suggests that people are constantly developing mental processes 
for thoughts, even when asleep. For this reason, for research purposes, we are assuming 
that thought involves both awareness and control, and we are also well aware that, as this 
author believes and defends, in many cases thoughts are spontaneous, rather than being 
the subproducts of reasoning or rational behaviour.

This means that, for research purposes, we are assuming that, when people 
regulate their inferential processes in search of justification of their beliefs and opinions, 
this is considered a process of reasoning. In other words, reasoning refers to forms or 
aspects of thought that are reflectively directed to justification. In a nutshell, reasoning 
is a self-regulated process (Moshman & Tarricone, 2016). 

We agree with Moshman and Tarricone (2016) that, in the teaching context it is 
not enough for the students to make the correct inferences. They must make a reflective 
coordination of justifications for these inferences based on their epistemic cognition, 
which means based on some form of reasoning that has been learnt.

In this regard, bearing in mind the purpose of the present article, that of 
establishing theoretical relationships between different types of reasoning during the 
solution of an SSI and epistemic practices, instead of worrying about reasoning itself; in 
other words, the ways of justification of statements of knowledge, we shall be focusing 
on epistemic cognition, which are the different forms of reasoning. However, before we 
go into the issue of the epistemic cognition involved in solution of an SSI, we shall be 
addressing the specificity of the reasoning involved in solution of such questions. In 
other words, regarding the ways of justifying knowledge during the solution of an SSI.

For the solution of SSI, the students make use of what is known as informal 
reasoning (Sadler, 2004). This type of reasoning occurs when the problems are open, 
meaning that the answers are also open and variable, meaning that there is no one single 
correct answer (Kuhn, 1991). Informal reasoning involves the generation and assessment 
of different statements, together with justification, to answer complex questions that 
require solutions or negotiations (Sadler, 2004).

In informal reasoning, one person may make use of formal or informal logic to 
back up their conclusions. This means that, in order to solve the SSI, the person may 
guide his or her conclusions based on different perspectives. Logic is concerned with 
the solidity of the statements we develop — with the grounds we select to back up our 
conclusions (Toulmin, 2006).

In formal logic, a conclusion is valid when it arises from two valid premises; 
therefore, if the premises are true, then the conclusion should also be true (Kuhn, 1991; 

1  Here it is worth pointing out that Science does not deal with absolute truth, immutable, but deals with possible 
‘truths’, in line with criteria and knowledge as available up to a given moment.
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Moshman & Tarricone, 2016; Toulmin, 2006). 
This, while in informal logic the conclusion is a matter of induction, and 

guarantees are established based on specific facts that lead (induce) a certain conclusion 
(Kuhn, 1991; Toulmin, 2006). 

This means that, in informal logic, the conclusion is considered true, in the 
light of three different aspects: 1) the guarantee that supports a statement being true or 
acceptable; 2) the counterargument (the guarantees in support of the contradiction of 
the conclusion) and 3) an extension or generalisation in which those guarantees back up 
a conclusion (Kuhn, 1991).

The difference between formal and informal logic stands in the fact that the 
former requires a single solution, resulting from a deduction. In contrast, in the latter 
the answers are more open, as the conclusion results from an induction based on specific 
facts that establish a conclusion. In the solution of SSI, according to the logic adopted for 
the construction of conclusions, different ways to justify or guarantee a conclusion shall 
be called upon. This is because epistemic domains support different types of justifications 
and evidence (Guimarães et al., 2010; Moshman & Tarricone, 2016). Therefore, according 
to the epistemic domain that the subject chooses as guidance for their reasoning about 
the SSI, there shall always be differences between the ways of solving the SSI.

Therefore, starting out from the principle that epistemic practices shall ‘inform’ 
about what counts as relevant knowledge (Kelly, 2008), they can also tell us something 
about this knowledge, for the positioning of the students during the resolution of an 
SSI. Based on these practices, one is able to assess which criteria are used to justify a 
statement (Kelly & Duschl, 2002; Jiménez & Crujeiras, 2017). In this way, the epistemic 
practices during the solution of the QSCs may help the students in assessment of the 
criteria to justify the statements, according to the epistemic domain involved. 

For example, a student could justify the consumption of meat in an SSI on this 
theme, based on the thematic axis of health, bringing information about the content of 
protein and fat beneficial to the body, based on scientific evidence. On the other hand, 
the student could resort to anthropocentric moral considerations to defend this same 
consumption, as his or her concern would then be essentially with the human being, the 
source that he or she consumes as food, rather than the animal as a being with intrinsic 
value (that has a value in itself). Morality is an epistemic domain that involves knowledge 
of how people should treat themselves. On developing reasoning about moral aspects, 
one shall consider that moral are more normative than empirical; reasoning based on 
principles is often a matter of judgement, leading to conclusions with which people may 
reasonably disagree (Guimarães et al., 2010; Moshman & Tarricone, 2016).  

In the case of moral judgement, considering the difficulties that exist for the 
establishment of a global consensus regarding values, we agree with the thoughts of 
Nunes-Neto and Conrado (in press) and Conrado & Nunes-Neto (2018), when they say 
that there are criteria that can be considered universal for the establishment of moral 
rules, which do not depend on perspectives of different cultures, with regard to social 
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practices that do not cause (or that minimise) harm and suffering to those people affected 
by it. In this case, assuming a discussion about the practice of female genital mutilation, 
common in some countries, a justification to back up the argument of immorality of 
such a practice could be the fact that this affects and causes harm to women; one possible 
backup for this could be statements made by different women who have suffered from 
this practice and have described the feeling of physical pain and mental stress during 
and after the procedure.

On discussing the differentiations between the epistemic domains and their ways 
of reasoning and justification of knowledge, we highlight the fact that, during the solution 
of an SSI, the epistemic practices shall differ according to the area of knowledge being 
discussed. This is because, according to the epistemic domain, one expects different 
ways of generation, communication, assessment and legitimation of knowledge.

Epistemic cognition, epistemic practices, and epistemic goals in 
an approach to teaching with SSI

In this subsection we mention the epistemic cognition involved in the process 
of development of a justified position and the solution of an SSI. To start with, we 
highlight the ideas of Alexander (2016). The author defends the view that cognitive 
searches that could occur during someone’s process of reasoning do not always seek the 
construction of knowledge. In the opinion of the author, cognitive search could occur 
based on the management of information and for the construction of knowledge, with 
epistemic cognition being closer related to the latter case. Information management is 
an involvement of the individual person, which is guided by the task, using a process of 
short-term memory. On getting involved in information management, the person has 
the goal of obtaining the information, but without the need to ensure its veracity or the 
grounds behind the information that he or she is managing. According to Alexander 
(2016) this can occur, for example, when the students memorise the content with the 
intention of getting a good mark in the test, but without the need to ensure veracity of 
the information they are memorising.

On the other hand, there are some moments when it becomes important to 
understand the fundamentals of the information and confirm the veracity thereof, as 
well as just ‘obtaining the information’. In this case, the information is linked to personal 
goals, and the individual people feel some validity in what is being learnt, and try to make 
it part of their long-term memory (Alexander, 2016). This is the process of construction 
of knowledge, in which they seek to check the precision or ‘veracity’ of the information. 
In this specific case, the goals become epistemic in nature, and the epistemic cognition 
then shows up (Alexander, 2016). Therefore, in the opinion of this author, epistemic 
cognition shows up when there is a change in the epistemic goal of the individual, which 
now starts assessing the precision of the information. Chinn and Buckland (2011) share 
this idea on stating that cognition shall be epistemic (or not) when we assess the goals 
that guide it.
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Considering the centrality of epistemic goals, to guide epistemic cognition and, as 
a result, the epistemic practices of that community, on appraising the ways of reasoning 
for the construction of knowledge during the solution of SSI, in other words, epistemic 
cognition as present in this process, we shall link it to epistemic goals that could guide it.

The first aspect that we shall consider with regard to the method of reasoning 
during the solution of a SVQ refers to the fact that this resolution involves different 
epistemic domains and different ways of justifying them, and reaching conclusions 
about them. This means that the first epistemic goal for this approach is, as defended by 
Kelly and Licona (2018), the understanding of multiple perspectives regarding SSI, for 
the construction of a coherent line of reasoning which supports a position regarding a 
controversial issue.

Students should understand that different perspectives or epistemic domains shall 
be mobilised during the solution of an SSI, This understanding could be important so 
that the student may realise that different epistemic domains require different methods of 
justification and to recognise affirmations of knowledge. In this way, in the SSI approach 
to teaching, it is important that the student understands that what is considered the 
truth in one epistemic domain shall not follow the same assessment criteria in a different 
domain.

On considering understanding and use of multiple lines of reasoning, supported 
by different epistemic domains, as being the first epistemic goal of the SSI approach 
to teaching, we now present connections between this goal and the scientific context. 
In Science, scientists also go through processes where it becomes important to judge 
competitor theories using a wide range of criteria (Kuhn, 1982). In other words, they 
make use of informal logic on considering multiple theories and make conclusions about 
them. In the same way that scientists use informal logic to gain insights into the natural 
world, students should use it on making enlightened decisions about the controversial 
problems they face.

In this regard, we consider that epistemic cognition, when solving SSI, should 
include an assessment of the explanations, according to the field of knowledge. It is 
therefore expected that the students develop epistemic cognition that proposes to develop 
criteria for the appraisal of arguments and justifications that are plausible within each 
epistemic domain. In the case of the SSI approach to teaching, these criteria involve a 
search for justifications for believing in a certain view of the problem. Such criteria may 
help the students to move away from emotional and intuitive decisions, as it is expected 
that they take up justified positions and that they develop means to make conscientious 
decisions within an QSC (Zeidler, 2015). 

We feel that, for the student to be able to look into the different perspectives 
of the SSI, it is important that he or she gets involved in consultation processes, just 
like scientists do, which includes making questions (problems), proposing hypotheses, 
comparing theories and alternative models, and so on (Irzik & Nola, 2014; Sadler et al., 
2017)
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The scientific community carries out an assessment of the evidence, according to 
the specific types of problems to be solved, governed by normative criteria established 
by the communities (Osborne, 2014). In this way, we expect the students to know how 
to appraise evidence and justification according to normative criteria of the different 
domains. In other words, the students should learn how to analyse and appraise data, 
statements and arguments, in a variety of representations, and reach appropriate 
conclusions according to the epistemic domain that has been assessed (Alchin & Zéplem, 
2020). This having been said, we stress the particularity of the process for evidence 
assessment within the context of the SSI as, these questions being of a social ilk, it is 
important that the students pay attention to cognitive trends motivated by ideologies, as 
in some cases the ‘motivated reasoning’ distorts the conscientious appraisal of arguments 
(Allchin & Zemplén, 2020), which can jeopardise the main goal of SSI, that of getting 
the students to take up conscientious and justifiable positions.

Another aspect of epistemic cognition that needs to be considered when the 
students are dealing with SSI is the recognition of the complexity of knowledge, and its 
relation with the available information (Kienhues et al., 2016). This is coherent with the 
ideas of Sadler, Barab e Scott (2007), as these authors, on defining processes of reasoning 
based on the solution of SSI (a construct known as socioscientific reasoning), defend the 
viewpoint that the students should develop their ability to perceive and recognise the 
inherent complexity of SSI. This makes us understand that, apart from the appraisal of 
arguments according to the epistemic domain, as previously mentioned, the construction 
and assessment of holistic arguments, seeking to consider the multiple dimensions that 
affect the SSI, is the second epistemic domain that needs to be taken into account for 
this approach.

Argumentation in Science Education enables the choice of theories based on 
an analysis of alternative explanations in terms of consistency with available evidence 
(Duschl, 2008a; Osborne, 2014). It allows students to understand just why one theory 
is more coherent than another, instead of just accepting this fact. This is because 
argumentation requires the development of statements based on justifications (Duschl, 
2008a). In this way, when we consider the epistemic goals behind the construction 
and assessment of holistic arguments by students, we want to say that they should be 
capable of accessing, understanding, analysing, assessing, comparing, and contrasting 
information from a variety of sources, as well as using them carefully for the synthesis 
of their own decisions about SQC, based on arguments which take into account the 
different dimensions that affect the issue. Thus, the specificity of arguments made during 
the solution of these issues lies in the fact that students need to associate knowledge 
from different epistemic domains to construct such arguments. This suggests that 
different types of justifications and evidence need to be linked so that arguments may 
be constructed.  

Kelly and Licona (2018) suggest that one of the epistemic practices as present 
in an approach to teaching with SSI refers to the development of an investigation, in 
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order to answer questions. On accepting the importance of students acknowledging the 
complexity of such issues, we add that this aspect should be taken into account, so that 
the investigation may press on, based on normative criteria.

In the case of investigation into SSI, we consider that the students may generate 
hypotheses regarding the problem as proposed, appraise hypotheses based on an analysis 
and assessment of different pieces of information about this, select the information they 
consider important for the development of a personal opinion. 

In addition, it is important that the development of epistemic cognition follows 
the direction shown by Sadler et al. (2007), that of favouring the students’ development 
of the ability to recognise that some information is not available with regard to SSI, and 
also the ability to consider ways in which this information may be generated, accepting 
the fact that the SSI is subject to ongoing investigation.

Together with this, we consider that the students should develop their epistemic 
cognition, seeking to identify the sources of the information, bearing in mind that they 
could have an influence upon the information regarding a problem or solutions. This 
makes it important for the students to show some scepticism when they are presented 
with information that could be potentially biased (Sadler et al., 2007). As according 
to the views of Chinn and Buckland (2011), there are some virtues that, on being 
interconnected with epistemic cognition, help with the attainment of the epistemic 
objectives, as is the case of the virtue of having an open mind. 

Irzik and Nola (2014) highlight that scepticism and an open mind are values of 
the scientific community, as scientists subject all statements to a logical and empirical 
examination based on clearly specific procedures involving scientific reasoning, 
suspending the judgement until all the relevant facts are selected and not bowing to any 
authority, except in making critical argumentation.

This having been said, we feel that the development of sceptical investigation, 
which considers different sources of information regarding SSI, is the third epistemic 
goal that se envisage for the construction of knowledge and a critical position within 
the SSI approach. It is also worth observing, as defended by Sadler et al. (2007), that 
the investigation of a SSI should consider that the knowledge under investigation is still 
being discussed, meaning that these are investigations on matters that are still open. This 
is a specificity of investigation as developed in the SSI approach to teaching, suggesting 
that the students should be aware that the solution of this investigation shall be up to 
the student himself or herself, and that it shall be the student who shall take up a final 
position about the issue that is being investigated, as there is no legitimate knowledge 
for this purpose. Here, it is important to state that, within the scholastic context of 
Science Education, one would expect this to be an enlightened position. Therefore, we 
believe that the development of a position should be worked on, setting out from the 
epistemic goals of the SSI approach to teaching and from the epistemic practices derived 
therefrom, seeking the creation of a teaching environment where priority is given to the 
objectivity of the knowledge discussed based on the process of rationalisation and social 
norms for interaction.
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A model for relationships between epistemic practices and the 
SSI approach in Science Teaching 

We have developed a model, shown in Figure 1, seeking to make a representation 
of the relations we have established so far, with regard to reasoning, cognition, practice, 
and epistemic goals within the development of epistemic practices in the SSI approach. 
It is important to mention that, in this work, we do not make any efforts to project 
types of epistemic practices that arise in the SSI context, as we consider the contextual 
character of these (Kelly, 2008, 2016), we believe that it is the epistemic goals that should 
be given priority, so that the practices may emerge. 
Figure 1. A Model that Addresses Relations between Sporting Practices and SSI in Science 
Education

                 

In this model (shown in Figure 1 above), we show the socioscientific questions 
at the top, showing that interactions in the classroom occur based on discussions and 
their solutions. In this way, we expect that the core goal, shared between the members 
of the science classroom, is that of solution of the SSI. Considering the perspective of a 
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community of practice, we expect, as shown in the line that connects the SSI with the 
perspective of community of practice, that the resolution of these questions may occur 
based on work based on norms, practices and goals shared between students and teacher 
(Pierson et al., 2019; Stroupe, 2015), so that it may be possible for epistemic practices 
to emerge and be assessed. Therefore we inform, based on lines of connection between 
the rectangles showing practices, norms, and goals, that they are aspects inherent to the 
culture of a community (Lave, 1992). 

Looking towards the target of Science Education, that of approximating the culture 
of the classroom with the scientific culture and also offer work with the epistemic goals 
of Science ( Jiménez-Aleixandre & Crujeiras, 2017; Kelly & Licona, 2018), we suggest the 
types of goals and standards that are expected to be opportunised in the classroom, so 
that its members may work in terms of a community. We defend that the social standards 
highlighted by Longino (2002) within the scientific context — moderate equality, public 
norms for analysis, forum, and responsiveness to criticism — should be constructed in 
the classroom, taking into consideration the particularities of the approach to teaching 
with SSI.

The epistemic goals as shown in Figure 1 show that the students should 1) 
recognise and use multiple lines of reasoning on solving SSI, in a perspective that allows 
them to know how to assess evidence and justifications, based on normative criteria for 
each kind of reasoning; 2) construct and appraise holistic arguments which consider the 
different domains that affect SSI, considering their complexity, and 3) develop sceptical 
investigations to solve the SSI.

In Figure 1, the rectangle that includes the norms for social interaction, social 
practices, and epistemic goals, is connected to the rectangle for epistemic cognition. 
We have indicated this connection, as it is the epistemic goals that guide cognition 
(Alexander, 2016; Chinn & Buckland, 2011) and, as a result, shall also guide the 
epistemic practices that shall be a part of this community (Berland et al., 2015; Jiménez-
Aleixandre & Crujeiras, 2017), as cognition is expressed based on practices (Kelly, 2016), 
as shown by the arrow connecting them. At the same time, the connection between social 
practices and social norms with epistemic cognition is justified because it is expected 
that knowledge involved in the solution of the SSI shall be promoted by means of social 
interaction. Therefore, the methods of reasoning that we expect the members of this 
community to internalise are the result of public reasoning guided by social norms and 
practices.

As shown by the arrow, epistemic cognition should regulate the processes of 
reasoning, or in other words, the ways of justifying knowledge. It is expected that the 
students co-ordinate, in a reflective manner, their inferences based on their epistemic 
cognition (Moshman & Tarricone, 2016). As the QSCs require appraisal of different 
perspectives regarding the issue at hand (Sadler, 2004), different epistemic domains 
shall be considered in the discussion. As a result, the ways of justification of knowledge 
shall also be different (Guimarães et al., 2010; Moshman & Tarricone, 2016). 
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Informal reasoning guides the process for resolution of SSI, as this is required in 
the analysis of complex or controversial issues, in the justification of the statements and 
consideration of the arguments (Sadler, 2004). The arrow that shows informal reasoning 
connected to the triangle (Figure 1) shows that this type of reasoning requires a search 
for justification of knowledge (Kuhn, 1982), in which thought shall be regulated, and 
inferences shall be co-ordinated by this search. This is because reasoning implies a 
conscientious regulation of thought and reflective co-ordination of inferences (Moshman 
& Tarricone, 2016). 

Epistemic cognition was the link that allowed us to connect reasoning to epistemic 
practices, as this cognition regulates reasoning and is shown based on practices. 
Therefore, reasoning (in other words, the ways of justifying knowledge) that shall be 
shown based on epistemic practices shall follow the cognitive criteria about how to 
reason about knowledge (epistemic cognition), as agreed by members of a community.

Here it is worth stressing what we consider as valid knowledge within the 
discussion of socioscientific questions. The criteria would be: knowledge is contextual, 
passing through processes of rationalisation and socialisation, these being criteria that 
grant objectivity thereto.

Cultural psychology (Lave, 1992) shows that specific propositions or procedures 
are only considered knowledge regarding interactions between individual people in 
specific contexts. By way of example, in some contexts, the concept of evolution is 
considered as knowledge as it is useful and has been legitimated. In others, the opposite 
happens. In this later concept, a deep understanding of evolution is neither useful nor 
normative and, therefore, from a contextualised point of view, it is not appropriate 
to refer to evolution as ‘knowledge’. (Greene et al., 2016). Therefore, the status of a 
proposition as knowledge, and its ‘sophistication’, also depend on the context in which 
they are being assessed (Sandoval, 2005). Thus, the epistemic practices developed within 
the communities shall inform what is considered knowledge within that context (Kelly, 
2008). Therefore, whatever counts as moral, economic, political and scientific knowledge, 
valid for solution of SSI, shall be subject to assessment by communities, based on the 
epistemic practices that emerge.

With regard to the rational characteristic, knowledge is different from an opinion, 
mainly due to the rational bias as involved in the former (Greene et al., 2016). Therefore, 
what is considered knowledge must involve justification, regulated thought, and co-
ordination of inferences. In this way, knowledge involved in epistemic practices require 
rationalisation. This aspect is shown in Figure 1 through the arrow connecting reasoning 
with epistemic cognition.

In this regard, we feel that the involvement of students in epistemic practices 
during the solution of SSI opportunises the rational assessment of such issues and the 
development of a justified opinion position, as shown by the connection between the 
rectangle of epistemic practices, and that of justified position, as shown in the model.
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Final comments
The purposes of this paper were (i) to discuss the particularities of the norms and 

standards that can be shared by the members of the classroom for solving an SSI, and (ii) 
establish a relationship between the ways of reasoning about knowledge to solve an SSI 
and the specialised literature on epistemic practices.

Regarding the first purpose, we consider that, as epistemic practices are also social 
(Kelly, 2008), space shall be given for the explanation of public reasoning guided by social 
norms, so that both may make knowledge more objective (as opposed to subjective). 
Together with this, in view of the need for approximation of the classroom culture with 
scientific culture, we suggest that social norms such as those observed by Longino (2002) 
within the scientific community (moderate equality, public norms, responsiveness to 
criticism) are important for opportunisation in the classroom, through an approach to 
teaching based on SSI.

Moderate equality, opportunised as part of the approach to teaching with SSI, 
should take into account that all members of the community shall be equally able to 
propose perspectives to solve the issue, and take positions regarding the issue, and 
the teacher shall have to guide the students to seek grounds for their ideas. In cases 
with opportunisation of public standards and forums for appraisal and criticism of 
the perspectives, one must look into the particularity of the criteria for analysis of 
evidence and arguments for each perspective affecting the question. For responsiveness 
to criticism, one must consider that, in the context for solution of a SSI, there is not 
one ‘single’ answer (Zeidler, 2015), meaning that criticism should exist in a sense of 
promoting thought about different feasible possibilities to solve the issue, but not to 
direct towards a more legitimate form of knowledge.

Regarding the second purpose of this article, on deepening our study of concepts 
of reasoning and the processes involved in ways of reasoning, we see that reasoning is 
linked to the ways of justifying knowledge (Alexander, 2016; Moshman & Tarricone, 
2016) and cognition is also tied to the ways of reasoning about knowledge (Chinn & 
Buckland, 2011; Clément, 2016; Kelly, 2016). Based on this, we turn our eye to epistemic 
cognition, as involved in the process for solution of an SSI and try to link this cognition 
with epistemic practices.

We suggest that epistemic cognition is the link between reasoning and epistemic 
practices, because epistemic cognition is accessed based on epistemic practices, 
and this cognition refers to learnt types of reasoning about knowledge (Kelly, 2016). 
Hence, epistemic practices refer to ways of reasoning about knowledge picked up 
in communities. Bearing in mind the gap in research in Science Education that link 
reasoning and epistemic practices, we consider that this is one of the main advances made 
by our paper. Even though Kelly (2016) has indeed proposed important relationships on 
epistemic cognition and epistemic practices, this author has not made any comments 
about reasoning, epistemic practice, and epistemic goals, as has been done in this paper.

Due to the nature of SSI, their solution can be led from different perspectives  
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— such as those based on the well-being of society and human empathy, on economic 
aspects involved in the issue, or supported by scientific content (Sadler, 2007). Each new 
perspective may be guided by a different justification (Moshman & Tarricone, 2016). 

Based on this, we note that the first aspect we should consider, with regard to 
the epistemic cognition involved in solution of a SSI, refers to the fact that this solution 
involves different epistemic domains and different ways of justifying them and reaching 
conclusions about them. Considering also that epistemic cognition is guided by epistemic 
goals (Alexander, 2016; Chinn & Buckland, 2011), this shows that, as defended by Kelly 
and Licona (2018), one epistemic objective that should guide the appearance of epistemic 
practices in contexts of SSI teaching refers to: allowing the students to recognise different 
perspectives and use multiple lines of reasoning, when solving the question. 

On going deeper into our study of epistemic cognition involved in solution of 
an SSI, we consider that, when people deal with controversial problems, it is important 
that their cognition should include the appraisal of the complexity of the problem, and 
the knowledge involved, based on the creation of strategies such as construction of 
holistic arguments to think about the problems. Together with this complexity of the 
SSI, we consider it important, for epistemic cognition, that there be understanding of 
the influences of information sources, seeking to assess when they show themselves to 
be potentially biased (Sadler et al., 2007). 

On considering these aspects that should be part of epistemic cognition for critical 
and justified solution of an SSI, this enabled the proposal of two more epistemic goals 
that should be given priority in an approach to teaching with SSI, so epistemic practices 
may emerge. This means we include two more epistemic goals apart from what has 
been shown in the work by Kelly and Licona (2018). The former refers to: construction 
and assessment of holistic arguments, seeking to understand and consider the multiple 
dimensions of SSI. So that students may accept the complexity of the problem involved 
in SSI and come up with arguments based on multiple sources and readings of the 
different domains affecting the issue. The specificity of arguments about an SSI is in 
the fact that students need to link knowledge of different epistemic domains in order to 
construct them. The second refers to development of sceptical investigations to look into 
the different perspectives that affect SSI in the search for critical and justified positions, 
so that students may see that some information regarding SSI is not available, accepting 
that SSI is subject to ongoing investigations, and so develop scepticism so that they may 
make all appraisals rationally, suspending any judgement until all relevant facts have 
been selected, and do not subject oneself to any authority, except when making critical 
argumentation. Here it is worth pointing out that the specificity involved in solving an 
SSI lies in the fact that the knowledge investigated is still under discussion, meaning that 
these are investigations of issues that are still open (Sadler, 2007).

We stress that the deepening of our study of epistemic cognition and epistemic 
goals (Alexander, 2016; Chinn & Buckland, 2011; Clément, 2016; Greene et al., 2016) 
made us realise that, in order to research about reasoning in teaching situations, it is 
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important that researchers pay attention to which goals the students attach themselves 
to in these situations, as also why they take up these goals (or, in other words, what are 
the beliefs behind such goals) (Chinn & Buckland, 2011). Therefore, we believe that 
research studies that appraise epistemic goals (about if and why students adopt them) 
which we have identified in our study are indeed relevant. 

We consider that the interlinkings and notes that have been made in this article 
do indeed collaborate towards research that seeks to develop and analyse epistemic 
practices in SSI contexts, as they establish detailed relationships between cognitive 
processes involved in the solution of these questions and those that occur within 
scientific activities. 

In addition, on expanding the epistemic goals of the approach of teaching with 
SSI we offer new means to achieve the prior conditions set for scientific literacy (Hodson, 
2018) for Science Education, as they have the potential to contribute for the assessment 
and critical solution of SSI, as for the development of epistemic cognition by the students.

We consider that the points raised in this manuscript also help to support the 
work of teachers seeking to favour epistemic practices in teaching contexts with an SSI 
approach, as we consider that the teacher can surpass the epistemic goals highlighted in 
our work, in their classroom activities, allowing the students to be aware of the purpose 
of the their actions, as from the direction thereof. We have shared the ideas of Berland 
et al. (2015) that, on organising activities in the classroom with regard to these goals, 
the students shall be involved in work with aspects of epistemology of Science, within 
a perspective that allows them to understand and recognise the type of goal that their 
community in the classroom shall work on.

Last but not least, given the innovative character of the relationships established 
herein, we consider the importance of the fact that empirical studies shall be carried 
out, in order to assess the scope and limitations of the model as here presented. It is also 
worth pointing out that this goal has been the result of an investigation by the authors of 
this work and some collaborators. 
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