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Some Science Education researchers have emphasised the importance of discussing 
aspects of Nature of Science, in a contextualised, and/or explicit, and/or integrated manner 
within science teaching. Distinct alternative approaches, known as contemporary and 
comprehensive ones, identify what to introduce in science teaching; however, none of 
them didactically characterise the meaning of such aspects of Nature of Science. Seeking 
to contribute to filling this gap, in this paper we have adopted one of these approaches as 
the theoretical background and have expanded it. For this, we have studied each of the 
disciplinary perspectives that are part in such an approach. Thus, we characterise such 
disciplinary perspectives, meaning that we identify and detail the meaning of the aspects 
of Nature of Science related to each of them, as well as their scopes and limitations. This 
also results in changes to its visual representation, an analogue-based one. As a result, 
the new approach can be used both by teachers, in planning more authentic teaching 
situations, and by researchers in analysing data collected in teaching contexts. Both 
functions are exemplified in this paper, being taken from some studies that have been, 
or are being, conducted. By discussing both functions, we identify consequences for 
science teaching in basic education, for teacher education and for research in the area.
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Introduction
Over the last few years, some research papers have been published in the area of 

Science Education1 stressing the importance of Science Education being more authentic 
(e.g., Archer et al., 2010; Millar & Osborne, 1998; Osborne et al., 2003), which means it 
involves teaching situations that are closer to Science itself (Gilbert, 2004). This position 
is in line with the goal of promoting a wider scientific literacy, that contributes to the 
qualification of people with good critical and reflective skills (Sasseron & Carvalho, 
2011), who can understand scientific knowledge and think about it (Roberts, 2011). 
Such research studies have highlighted the importance of a teaching style that can 

1  We stress that we have decided to use the term Science with an initial capital S as this refers to the school subject 
or the area of knowledge.
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contribute to the development of a wider view about Science2, to the extent that it favours 
understanding and thought about the processes of construction of scientific knowledge, 
including production, communication, evaluation, review, and validation.

From this viewpoint, many researchers specialised in the area have carried out 
investigations on the importance of introducing aspects of Nature of Science (NOS) into 
Science teaching (e.g., Abd-El-Khalick, 2012; Allchin, 2011, 2012a, 2013, 2017; Irzik & 
Nola, 2011, 2014; Justi & Erduran, 2015; N. G. Lederman et al., 2002; Matthews, 2012). 
In the specialised literature of this area, we can find many definitions for the term NOS. 
These include the definition presented by McComas (2008) which reflects the general 
perspective taken up in this article. According to McComas, NOS can be defined as:

[...] a hybrid domain which blends aspects of various social studies of science including 
history, sociology and philosophy of science combined with research from the cognitive 
sciences such as psychology into a rich description of science; how it works, how 
scientists operate as a social group and how society itself both directs and reacts to 
scientific endeavours (McComas, 2008, p. 249–250).

Such researchers have also stressed the need for NOS to be discussed in a manner 
that is contextualised, and/or explicit, and/or integrated (with some of them stressing 
one or two manners more than another one. The contextualised approach refers to the 
presence of a context as a foundation, like the historical context when teaching different 
models for the atom; the explicit approach refers to open discussion of aspects of NOS 
that have (or have had) an influence on the construction of scientific knowledge (e.g., the 
motivation of Marie Curie for explaining unexpected data that resulted in the discovery 
of the chemical element Radium); and finally the integrated approach refers to the 
incorporation of aspects of NOS to the development of one or more scientific contents 
within the curriculum (e.g., the multiplicity of, and relationship between, models for 
the atom). We must mention that, in specialised literature, it is more common to find 
authors that mention, and/or have work based on, the contextualised and explicit manner 
to introduce aspects of NOS in teaching. However, work based on the three approaches 
in a balanced way, never stressing one or two of them, in preference to the other, is 
not common. In addition, with regard to the contextualised approach, it is important 
to mention that it only becomes significant if the context included as a foundation is 
relevant to the context in which the students are inserted. With regard to the integrated 
approach, we understand that it goes a bit beyond just incorporating aspects of NOS 
in the development of one or more items of curricular scientific content in isolation; in 
other words, the aspects of NOS should be incorporated into the general goals of the 
teaching-learning process. In this way, an approach that is contextualised, explicit, and 
integrated to aspects of NOS in the teaching of and about Science, in a balanced way, can 
favour not only the learning of curricular scientific content, but also the development of 
a much more encompassing view about Science, to the extent that it adds power to the 
construction of knowledge of and about Science in its construction contexts, with their 

2	 In this paper, the phrase about Science is used as synonymous with Nature of Science.
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own limits and scopes, thereby bringing the students closer to these contexts.
In this regard, Driver et al. (1996) not only recognise the importance of including 

aspects of NOS in the curriculum, as also show five benefits the learning of such aspects 
can bring: (i) understanding of the Science processes; (ii) informed decision making3 
about socioscientific issues; (iii) appreciation of Science as an essential element within 
modern-day culture; (iv) awareness of the standards of the scientific community; and 
(v) learning of curricular scientific content in greater depth. Nevertheless, over two 
decades later, on analysing the curriculum in nine countries, Olson (2018) showed that 
very rarely (with the sole exception of the Australian curriculum) are aspects of NOS 
given as goals of the learning process. 

Therefore, despite the consensus among researchers specialised in this area with 
regard to the importance and the benefits of including aspects of NOS in the curriculum 
(Martins, 2015), Olson (2018) states that this dimension has not been taken on by the 
curricula around the world as goals of the teaching-learning process. This makes it 
relevant to consider that there is a problem with one of the dimensions in relation to 
the introduction of aspects of NOS, either in the dimension regarding what to introduce 
(that is, which aspects of NOS – focus of this paper) or how to introduce (Allchin et al., 
2014; Irzik & Nola, 2011; Matthews, 1998). 

With regard to the issue of what to include in the curriculum, some researchers 
(e.g., Abd-El-Khalick et al., 1998; N. G. Lederman, 2006; N. G. Lederman et al., 2002) 
believe that it is possible, and necessary, to make a list of certain aspects of NOS that 
they consider relevant. From this perspective, Norman Lederman and his collaborators 
drew up a list of seven tenets that should be taught to students: scientific knowledge 
is tentative, empirically based, subjective (theory-laden), partly the product of human 
inference, imagination, and creativity, socially and culturally embedded; observations 
are different from inferences; and scientific theories and laws are different from each 
other and have distinct functions (N. G. Lederman, 2006).

As highlighted by Deng, Chen, Tsai, and Chai (2011), based on this proposal and 
also on a wide consensus between researchers specialised in the area and international 
curriculum documents, several empirical studies have been carried out with the main 
aim of characterising the views of teachers and students about Science, as also to propose 
and validate instruments4 for carrying out such characterisations. The publication of 
these studies led to widespread publicity of this proposal, as shown by the high number 
of publications that use the list of tenets as a theoretical background (e.g., Bayir et al., 
2014; Cakici & Bayir, 2012; J. S. Lederman & Khishfe, 2002; J. S. Lederman & Ko, 2002; 
N. G. Lederman et al., 2002; Schwartz et al., 2008). In the last two or three decades, 
such a proposal became known as consensual view of NOS (Martins, 2015), being 

3  As we see it, it shall not always be possible, or necessary, for the student to reach a decision. In Justi et al. (2019) 
we present an in-depth discussion on this issue. 
4 These instruments are often questionnaires involving the use of a Likert scale, which is often criticised 
by specialised literature for not favouring a clear and/or reliable explicitation of the ideas as presented by the 
respondents.
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predominant in the literature of the area (Erduran et al. 2019). However, in the last few 
years, some researchers (e.g., Allchin, 2011, 2013, 2017; Erduran & Dagher, 2014; Irzik 
& Nola, 2011, 2014; Justi & Erduran, 2015; Martins, 2015; Matthews, 2012; McComas, 
2008; Nielsen, 2013; Osborne et al., 2003; van Dijk, 2011; Weinstein, 2008; Wong & 
Hodson, 2010) have criticised this proposal. For these authors, the tenets shown in the 
list are beset with many underlying problems. The most significant problems are: (i) 
they are presented in a declarative manner; (ii) they could favour the view that Science is 
only restricted to them; and (iii) they may not favour understanding by teachers, as they 
present some ideas arising from Philosophy in a complex and abstract manner. 

One of the main critics of the list of tenets as proposed by Lederman and his 
collaborators is Allchin (2011, 2013, 2017). His view is that the presentation of a list 
of tenets in a declarative manner does not contribute to scientific literacy because 
understanding, recording and/or memorisation of the list do not help students to exercise 
critical thinking, for example, about the influences that the process of construction of 
scientific knowledge may wield on conscientious individual and/or social decision-
making. In other words, the list of tenets does not contribute to a functional understanding 
of Science (Allchin, 2014).

In this regard, thinking about the context of Science teaching, Allchin (2011, 
2013, 2017) proposed an alternative approach to the list of tenets based on the idea of 
Whole Science that led to the proposal of the Profile of Dimensions of Reliability in 
Science (PDRS). According to the author, the term Whole Science can be understood 
as a holistic way of regarding Science. Thus, according to Allchin (2012b), instead of 
presenting a list of tenets to the students, it would be more appropriate to present, in a 
contextualised, explicit, and integrated manner, a profile of dimensions that is constituted 
by epistemic functional categories related to: (i) observations; (ii) research methods; (iii) 
instruments; (iv) patterns of reasoning; (v) historical dimensions; (vi) human dimensions; 
(vii) collaboration and competition among scientists; (viii) socio-cultural dimensions; 
(ix) economics/funding; and (x) communication. Briefly, what Allchin defends is that 
the analysis of the procedures involved in scientific practice and the validation of the 
knowledge produced based on these could be conducted based on functional epistemic 
categories that make up this profile.

Based on the viewpoint of Whole Science, Allchin (2013) brings a collection of 
historical and contemporary cases, with the identification of the functional epistemic 
categories that could arise from these. This shows itself to be coherent, as the author 
defends the perspective of Science under construction (Latour, 1987). In this book, 
he also presents some proposals based on which students could work in groups, 
structuring ideas to take a position either in favour of, or against, a certain standpoint 
and/or scientific statement. However, so far (up to the start of 2020), very few are the 
studies in specialised literature that address the use of cases based on the perspective of 
Whole Science (e.g., Carvalho & Justi, 2019; Justi & Santos, 2019; Santos, 2018) within 
the context of Science teaching. 
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In a nutshell, apart from considering a contemporary and wide-scope view of 
teaching, the proposal made by Allchin (2011, 2013, 2017) also presents a concrete 
proposal for the introduction of aspects of NOS into teaching, based on a collection of 
historical and contemporary cases. However, this proposal shows itself to be limited due 
to the lack of characterisation of the dimensions and functional epistemic categories 
related thereto that make up the PDRS. In addition, Allchin (2011, 2013, 2017) presents 
these dimensions and categories grouped in different ways, in the references here 
mentioned, and, for these reasons, Justi and Santos (2019), and Santos (2018) made an 
adaptation to the PDRS to make it a functional tool and to use it in their studies.

Other critics to the list of tenets as proposed by Lederman and collaborators are 
Irzik and Nola (2011, 2014). They make a more intense criticism of the list, stating that 
the list makes a homogeneous characterisation of Science, meaning that this view does 
not consider the presence of different scientific subjects and the specificity of each one. 
In the light of this fact, the authors propose a new approach that they have called the 
Family Resemblance Approach (FRA). Irzik and Nola (2011) take Wittgenstein’s idea 
that “the members of a family can each resemble one another in some respects but not 
in others” (p. 594) and, by analogy, propose that each of the scientific subjects would 
have some similar characteristics, and some different, when compared to others. Based 
on this statement, they say that we should not define Science by identifying its universal 
characteristics, but rather by identifying the similar and the different characteristics of 
each of its areas. According to FRA, this can be done by considering some categories 
that are connected to Science: (i) activities; (ii) aims and values; (iii) methodologies and 
methodological rules; and (iv) products. Some years later, Irzik and Nola (2014) widened 
the scope of the proposal, with the inclusion of four more categories: (v) professional 
activities; (vi) scientific ethos; (vii) system of knowledge certification and dissemination; 
and (viii) social values. Therefore, according to this proposal, Science can be defined 
as a cognitive-epistemic system, considering the first four categories, and as a social-
institutional system, based on the last four. However, they stress that the two dimensions, 
and consequently all eight categories, which are not mutually exclusive or distinct, 
constantly interact with each other, and in different ways.

Even though Irzik and Nola (2011, 2014) have shown their desire for FRA to be 
used in Science teaching and even supplied some general suggestions in this direction, 
they do accept that this approach is theoretical. An explanation in greater detail about 
how it could be possible to use such ideas (which came from Philosophy) in Science 
teaching was proposed by Erduran and Dagher (2014). With this in mind, the authors 
widened the proposal made by Irzik and Nola (2011, 2014) with the inclusion of political, 
financial and organisational aspects in the social-institutional dimension, which resulted 
in another three categories: (ix) financial systems; (x) political power structures; and (xi) 
social organisations and interactions5. They also proposed a set of visual representations,
known as Generative Images of Science, with the ultimate goal of facilitating the 

5  In international specialised literature, this expansion is known as Expanded FRA, Extended FRA, and 
Reconceptualised FRA to NOS (RFN). We also point out that, in the expanded version, categories (i) and (iv) are 
known as practices and knowledge, respectively.

https://translate.googleusercontent.com/translate_f#25
https://translate.googleusercontent.com/translate_f#26
https://translate.googleusercontent.com/translate_f#25
https://translate.googleusercontent.com/translate_f#26
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communication of philosophical ideas considered abstract and complex and, as a result, 
the understanding thereof by teachers. As from this moment, the approach, formerly 
considered merely technical, started to be methodological and thus possibly applicable 
to the context of Science teaching (as in Erduran et al. 2019; Kaya & Erduran, 2016; 
Kaya et al., 2019). On the other hand, the main representation of the expanded version 
of FRA — which the authors know as the “FRA wheel” (Erduran & Dagher, 2014, p. 28) 
— consists of a centre circle divided into quadrants and surrounded by two other circles, 
similarly subdivided. According to the authors: 

[...] the boundaries between the two circles (or spaces) and their individual compartments 
are pervious, allowing fluid movement across. In reality, these components are not 
compartmentalised but flow naturally in all directions (Erduran & Dagher, 2014, p. 
28–29).

However, contrary to the aspects here described, the representation itself shows 
divisions, and does not contain any graphic elements that would suggest movement. 
Because of these discrepancies, we feel that it cannot be easily understood by teachers.

In addition, out of the researchers who criticised the consensual view of NOS, 
Allchin (2012b, 2013) was the researcher to have made clear and concrete proposals 
about how to introduce aspects of NOS in Science teaching from a contextualised, 
explicit, and integrated manner (from historical and contemporary cases). 

However, considering what to introduce, which means, in other words, which 
aspects of NOS are to be introduced, neither the alternative approach based on the 
concept of Whole Science which led to the PDRS, nor the approach based on the 
idea of Family Resemblance (even after the expansion made by other authors) do 
didactically characterise the meaning of the aspects of NOS (known as functional 
epistemic dimensions and categories, in the first approach, and as dimensions and 
categories related to Science, in the second). Another point we are concerned with is 
the confirmation that inappropriate views about Science are not limited to students, 
also being identified among teachers active in the area (Guerra-Ramos, 2012). This 
makes it necessary to have a construct that contributes so that teachers, who are not 
specialists in NOS, (i) understand how ample these dimensions and categories, used 
in the characterisation of construction of scientific knowledge actually are and, at the 
same time, (ii) are guided to think based on these dimensions and categories and also 
consider the multiple ways in which these can be present, as a result of the plurality of 
Science (which means acknowledging the existence of different methods and processes 
for production, communication, evaluation, review and validation of scientific content).

In this context, we highlight the importance of the existence of other theoretical 
and methodological proposals that didactically characterise the meaning of each aspect 
of NOS, so that teachers at different levels of teaching may have access to, and duly 
understand, what parts of NOS to introduce in Science teaching. This is because, according 
to Kaya et al. (2019), “teachers’ own views and understanding of NOS can influence 
how they teach NOS” (p. 4–5). Therefore, when we prepare or expand an alternative 
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approach to the introduction of NOS in teaching, it is important that we be concerned 
with the understanding that teachers (in-service or preservice ones) could have (or not 
have) of this approach, so that the introduction of aspects of NOS does in fact occur, 
in an appropriate and effective way. Thus, just like Moura et al. (2020), we believe that 
such aspects of NOS should be appropriated in a critical way by teachers, meaning that, 
based on the understanding of an alternative approach for the introduction of NOS into 
teaching, teachers may think over the importance of introducing such aspects and how 
to introduce them, depending on the level of teaching and also the context in which the 
students find themselves.

Due to this, this article, which is theoretical in nature, has the main goals of 
presenting and discussing the expansion of an alternative approach, both that of lists 
of tenets as also those based on the ideas of Whole Science and Family Resemblance. 
In addition, this approach can also be called a model (and has been named as such) 
because, as mentioned by Gilbert and Justi (2016), models are epistemic artefacts, that 
is, reasoning tools. Such an approach (i) identifies and details the meaning of aspects of 
NOS that could be introduced into teaching so as to favour a wide understanding of the 
significance of Science, thus contributing for the filling (albeit partial) of the gap related 
to the question of what to introduce of NOS in Science teaching; and (ii) can be used 
both by teachers, on teaching NOS, and researchers, in the analysis of teaching situations 
in which aspects of NOS were considered, thereby expanding the contribution that 
already exists in specialised literature, with regard to how6 to introduce aspects of NOS 
in Science teaching. For this purpose, in the following section we present yet another 
approach which is an alternative to the list of tenets which, despite not being as well 
known as the others, contemplates a contemporary and wide-scope view of teaching, as 
also the other two approaches as previously mentioned. However, we base ourselves on 
this latter approach to reach our goal because, according to the arguments that shall be 
presented in the following section, we acknowledge the potential of this model for use 
by Science teachers.

Model of Science for Science Education
Considering the criticism which has been made with regard to the lists of tenets 

(as that proposed by Lederman and collaborators); the observation that the proposal 
raised by Allchin (2011, 2012b, 2013) could favour the introduction of aspects of NOS 
to Science teaching; and the importance of using a representation easily understood by 
teachers, favouring the understanding of the proposal, Justi and Erduran (2015)7 put 
forward the Model of Science for Science Education (MoSSE). The main motivation 

6  In this article, we use the term how in the wider sense, meaning that the term how does not refer to operational 
aspects (e.g., stages to be followed for the preparation and/or conduction of activities), but rather to the general 
principles for guiding the introduction of NOS into teaching (e.g., areas of knowledge and aspects of NOS related 
to these, to be addressed in such activities). 
7  Although this model was original publicised in 2015, it was created in 2012, concurrently with the proposal by 
Erduran and Dagher (2014).



         |  RBPEC 20, 617–651624  

Santos, Maia, & Justi

shown by these authors was the need to provide grounds for wide-scope discussions 
about Science, with Science teachers, and explicitly aimed at the Science teaching 
context. This model is based on two main assumptions: (i) Science is a complex cognitive, 
epistemic and social activity, which can and has been characterised based on a series of 
subject perspectives; and (ii) any arguments about Science should be based on evidence 
arising from distinct subject perspectives, so that Science Education may favour the 
development of a wider view about Science (Justi & Erduran, 2015).

The different subject perspectives as shown in the MoSSE are: 
•	 Anthropology of Science, which considers scientific work to be a kind of social 

action, while the development of scientific knowledge is a kind of cultural 
production; 

•	 Psychology of Science, which studies scientists’ behaviour and mental 
processes, as also aspects of neuroscience; 

•	 Sociology of Science, which studies both the central role of the scientific 
community in society and the impact that society has on Science;

•	 Economics of Science, which studies the influence of economic factors on the 
behaviour of scientists, the distribution of financial resources intended for use 
in Science, and the financial operations carried out by scientific institutions;

•	 Philosophy of Science, whose main focuses of interest are the very meaning 
of Science and its epistemological aspects, in other words those related to the 
production of scientific content, its origins and validation; 

•	 History of Science, that studies the development of Science and scientific 
knowledge over time, thus showing that scientific  knowledge is provisional; 
and

•	 Cognition of Science, which studies the processes for acquisition of 
knowledge; in other words, how individual people think when they produce 
and/or understand scientific knowledge and the types of reasoning that they 
can use in this process.

Seeking to favour the viewing of what would be considering Science based on these 
disciplinary perspectives, the authors have proposed an analogue visual representation, 
which they have called the Science Eye (Figure 1).

This representation has been coined in analogy to the London Eye, that is one 
of the tallest and largest observation ferris wheels in the world (standing 135 metres 
tall), situated in London. The analogy with the London Eye was established initially 
considering that: (i) just like the view of London, the view of Science is wide in scope and 
extremely complex; and (ii) as each transparent glass capsule represents a subject-based 
perspective, each one of these can provide a different orientation for a view of Science. 
In addition, Science can be viewed based on one capsule (the perspective of someone 
who is inside one of them) or by several at the same time (from the viewpoint of an 
external observer). This view can also be different depending on:     (i) the position that 
the individual person occupies within the capsule (that is, if the person adopts different 
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references to discuss each subject perspective); (ii) whether he or she moves or not (in 
other words, if the person seeks new ways of thinking of one same subject perspective); 
and (iii) the number of people inside the capsule (which would mean whether a scientist 
works on his or her own8 or as part of a group) (Figure 2). 

Figure 1. Science Eye — Visual representation of MoSSE adapted from Justi and Erduran (2015, 
p. 7)

Figure 2. Different numbers of people within the capsules of the Science Eye representing 
distinct visions in certain disciplinary perspectives (Justi & Erduran, 2015, p. 8)

In Figure 1, there is also a question mark linked to one of the capsules, showing 
that one or more disciplinary perspectives could emerge or be addressed in specific 
contexts, showing that the model is open to modifications. Therefore, the intention 
of the authors on showing these disciplinary perspectives was not that they should be 
exhaustive, but rather should be representative.

8  Such an aspect is emphasised in the model because the idea that scientists work alone is very common among 
students and teachers.  

Economics

Sociology

Psychology

Philosophy

History

CognitionAnthropology

?
Subject perspectives that could 

arise or be addressed in the 
future.
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The main aim shown by the authors in basing discussions with Science teachers 
about Science on MoSSE is that they could use it as support when planning more 
authentic teaching situations. They also highlight that, because of the possible existence 
of divergent viewpoints for each of the subject perspectives, it is possible that, at 
appropriate moments and within appropriate contexts, the teacher may address these, 
thus favouring the development of a wider view about Science among the students.

In addition, regarding MoSSE as a form of support in planning more authentic 
teaching situations, the authors mention that the model does not suggest that all 
characteristics related to all subject perspectives should be discussed with the students at 
only one moment. Much to the contrary, they say that one of the roles of the teacher is to 
decide which characteristics, of which subject perspectives, shall be addressed (or not) 
within the teaching of a certain curricular scientific content, within a given educational 
context. This is because, just like Allchin (2011, 2013, 2017), Justi and Erduran (2015) 
also defend the view that aspects of NOS should be introduced in a contextualised, 
explicit, and integrated manner.

As we see it, this model does have some advantages compared to the other 
proposals as previously presented and discussed. Among these advantages, we highlight 
that (i) it brings an ample view of Science on explicitly highlighting many subject 
perspectives as relevant thereto; and (ii) it tends to be understood by teachers, as it 
uses an explicitly analogue representation in which its main characteristics can easily be 
perceived. On the other hand, we have also noticed that, as happens in other proposals, 
the characterisation of these subject proposals is restricted to a definition of each one of 
them, which may not favour the teachers’ understanding of its meanings, leading to the 
ultimate aim not being fully achieved. From there came forth our main motivation to 
expand the model.

At the same time, considering the potential of MoSSE as support for teachers 
when planning more authentic teaching situations, we conclude that it would be 
interesting if the model could also be used as a tool for analysis of data obtained from 
teaching contexts in which teachers have already used it. For this, it was essential to 
expand the scope of the characterisation of subject perspectives. This means that the 
main question that motivated this research was: how to expand the Model of Science for 
Science Education seeking its use both as support for the introduction of aspects of Nature 
of Science in teaching contexts and as a tool for analysis of data collected in such contexts?

Methodological Issues
To provide grounds for the discussion of this research issue, first we reviewed 

the specialised literature from different areas of knowledge, so that, from that point on, 
we could recognise the limits and scope of each of the subject perspectives as present in 
MoSSE (Figure 1). For this, and in a move to favour the understanding of the model by the 
teacher (most importantly) and/or by the researcher, we have identified characteristics 
of each of the areas of knowledge, that allowed their clear and brief presentation, with 
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the limitation of their objects of study, as well as the main aspects of NOS that they 
address, and contribute to characterise (as shown in the following section). We start 
with the area of Philosophy of Science due to its key central role, as Western Science 
started with the philosophers of Ancient Greece, the result of that being that, prior to 
being established as a specific area of its own, Science was part of Philosophy (as was 
also the case with other subjects or areas of knowledge9, e.g., Biology, Physics, Geometry, 
Logic, Psychology (Rosenberg, 2005)).

However, areas that “separated” from Philosophy left it questions whose answers 
are beyond its scope. For instance, the fact that Mathematics works with numbers does 
not mean that it has answers to the main question what is a number? When we ask 
ourselves about the meaning of number, we are not referring to the meaning of each 
numerical representation. In this case, this is a wider question, that Mathematics itself 
does not answer, and does not strive to answer (Rosenberg, 2005). 

Therefore, Philosophy is essential to Science, as it can help with the understanding 
of other areas, allowing a wider look (a “philosophic” look) about each one of them. 
In addition, according to Rosenberg (2005), issues about Science, meaning those that 
involve characteristics, limits and scope of their objects and methods of study, are 
questions that both scientists and philosophers can answer. Also according to Rosenberg 
(2005), the “reflection on the way contemporary scientific findings and theories influence 
philosophy shows that each is indispensable for understanding the other” (p. 1). Within 
this perspective, the large area of Philosophy is an essential prior requirement for the 
understanding of other areas such as Philosophy of Science, Psychology of Science, 
Anthropology of Science, Sociology of Science, Economics of Science, History of 
Science, among others.

This means that Philosophy is a complex area and, as such, it is difficult to 
characterise in an easy way, as its aspects could be present (explicit or implicitly) in 
all other areas, meaning that Philosophy dialogues with other areas. In this regard, we 
proposed changes to the MoSSE so that Philosophy could be understood both as an area 
of knowledge in its own right (Philosophy of Science) and as a “philosophical base” for 
other areas. On using the expression “philosophical base” we are considering a meaning 
for the term “base” like that used with the meaning of support or foundations, often not 
visible. We therefore accept the dialogue (explicit or implicit) between Philosophy and 
other areas. In addition, the proposal of the “philosophical base” element also solves a 
problem identified in a later empirical work. Lima (2017) tried to identify the content 
knowledge of NOS as shown by pre-service teachers who participated in activities 
involving historical facts and controversies where aspects of NOS were made explicit. 
The author used the MoSSE as a theoretical background to sustain her analysis, but found 
difficulty to pinpoint the limits and define the scope of each disciplinary perspective, 

9  We understand areas as being something wider in scope, such as Philosophy, Psychology, Anthropology, 
Sociology, Economics, and History. On the other hand, subjects would be more specific, as if parts of an area (e.g., 
Biology, Physics, Mathematics).
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thanks to the very presence of “elements of Philosophy” associated to these perspectives. 
On acknowledging the fact that elements from any of the disciplinary perspectives could 
be expressed based on a “philosophical look”, we facilitate the categorisation of the data 
based on the model, as the categories derived from it become more clearly explicit.

Apart from this change, we have also replaced the term “disciplinary perspectives” 
which had been used by Justi and Erduran (2015) by “areas of knowledge”, as we understand 
that this change helps to stress that each capsule of this model refers to a wider body of 
knowledge, with possible internal subdivisions, according to the perspectives assumed.

Next, we define what each of the areas of knowledge proposes to study; in 
other words, each area’s limits and scope. For this, we analysed specific productions in 
some areas, seeking to characterise each of them and, at the same time, to identify and 
detail the meaning of their respective aspects of NOS. We therefore studied in detail 
specific references on which we have based ourselves in order to discuss them, such as 
in Philosophy of Science: Feist (2012), Feist and Gorman (1998), Osbeck et al. (2011), 
Shadish et al. (1994), Shadish et al. (1989); in Cognition of Science: Dunbar (2002), 
Dunbar and Blanchette (2001), Giere (1992, 1998, 2002); in Anthropology of Science: 
Knorr-Cetina (1999), Laraia (2001), Marcus and Fischer (1986), Pickering (1995); in 
Sociology of Science: Allchin (2004), Cunningham and Helms (1998), Latour (1987), 
Latour and Woolgar (1986); and in Economics of Science: Diamond Jr. (1996, 2008), 
Erduran and Mugaloglu (2013), Irzik (2013), Knuuttila (2013), Vermeir (2013). 

Having made the readings related to the areas of Psychology and Cognition 
of Science, we integrate these areas, as the consideration of Cognition of Science as 
a subdivision of Psychology of Science is well aligned with the internal division of 
Psychology, arising from the difficulty to separate the different mental and behaviour 
processes in the individual. Thinking of proposing a second function for the model (as 
a data analysis tool), this integration makes it more functional due to the elimination of 
the difficulty to distinguish the two areas; in other words, making the categories more 
excludent.

Apart from the changes concerning the areas of Philosophy, Psychology, and 
Cognition of Science, we also not only present the characterisation of each area of 
knowledge, but also propose and didactically characterise aspects of NOS present therein. 
Such an action could facilitate the use of the expanded model for its original proposed 
purpose (support for teachers when planning more authentic teaching situations) and 
for the additional purpose as proposed in this article (as a data analysis tool). In addition, 
the consideration of aspects rather than just areas could contribute not only to teachers’ 
better understanding of the meaning of each area and of what parts of NOS to introduce 
in Science teaching but also to make the expanded model functional for both these 
purposes, insofar as this means detailing the meaning of each area and each aspect (even 
in cases where an aspect with the same name – in full or in part – is present in more than 
one area).



					                                                                    RBPEC 20, 617–651  |  629

A Model of Science to Base the Introduction of Aspects of Nature of Science in Teaching Contexts...

During the expansion of the model we have identified other aspects concerning 
each area, apart from those presented in the next section. However, we have decided not 
to include them in the new version of the model because these are very specific, and as 
they do not contribute to back up discussions in the area of Science Education. 

Finally, in order to validate our model, it was discussed with the members 
of our Research Group (made up of researchers from different levels of teaching: 
undergraduates, professors, master’s students, doctoral students, and academic doctors) 
and three researchers specialised in the area. As a result, some aspects of NOS were 
inserted or removed to make the characterisation of each area of knowledge clearer.

Expansion of the Model of Science for Science Education
•	 As discussed in the previous section, the expansion of MoSSE occurred based 

on the following events:
•	 Inclusion of the “philosophical base” element;
•	 Replacement of the old term “disciplinary perspectives” by the new 

terminology “areas of knowledge”;
•	 Integration of the area Cognition of Science with the Psychology of Science 

area;
•	 Expansion of the meaning of the question mark in the analogue visual 

representation of the model; 
•	 Characterisation of each area of knowledge; 
•	 Proposal and characterisation of the aspects of NOS present in each of the 

areas of knowledge; and, consequently,
•	 Change to the analogue visual representation of the model.
All this was done considering the aims of this research – seeking to favour the 

use of the model as support for teachers in the planning of more authentic teaching 
situations, and as a data analysis tool – as both require more detail and greater clarity 
about the elements presented in the MoSSE. 

As a result, this expansion resulted in what we have called the second version of 
the Model of Science for Science Education (MoSSE v.2) and whose visual representation 
is shown in Figure 3.
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Figure 3. Visual representation of MoSSE v.2

When compared with Figure 1, Figure 3 shows that, in addition to both the 
inclusion of the new “philosophical base” element and the fact that Cognition of Science 
is not represented, we have expanded the meaning of the question mark.

Next, we present the characterisation of each area of knowledge, based on a 
summary of what each one proposes to study, which means its limits and scope, as 
also the identification and detailing of the meaning of their respective aspects of NOS 
(presented in alphabetical order, due to a lack of criteria for their ordering).

Philosophy of Science

This area studies what Science actually means. As a result, the main contributions 
of Philosophy of Science to the area of Science Education are questions that are specifically, 
but not exclusively, discussed by philosophers. These questions can be related to the 
origins, the goals and the natures of the areas of knowledge; the ethical and moral values 
present in each area; the criteria for the construction of scientific knowledge in each area, 
considering the necessary methodological rigour. Such questions can also be related to 
the processes for the construction of scientific knowledge in each of the areas, such as 
preparation, communication, evaluation, review and validation; and scientific and/or 
epistemic practices10 used in each one of them, such as investigation, experimentation, 
data analysis, modelling and argumentation, among others.

The study of Philosophy of Science includes the process for construction of 
scientific knowledge, as also some of its aspects:

•	 Epistemology: this presents a thought about the whole; in other words, about 
nature, objectives, values, criteria, scientific and epistemic processes and 
practices, therefore being an aspect that enables a thought about the limits 

10  Following the views of Jiménez-Aleixandre and Duschl (2015), we understand scientific practice as those 
practices that establish scientific processes, but which do not necessarily result in the production of scientific 
knowledge. Epistemic practices, on the other hand, are taken as bring those that result in the production of 
scientific knowledge, which may or may not also be considered scientific.

Economics of Science

?
Areas that could emerge, be 

addressed in the future, or merge.

History of Science

Sociology of Science

Anthropology of Science

Psychology of Science

Philosophy of Science

"philosophical base"
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and the scopes related to the construction of scientific knowledge; 
•	 Ethics: this discusses the ethical and moral values that guide scientific and/

or epistemic practices or are grounds for decisions made in the area of 
knowledge; and

•	 Logic: this discusses ways of thinking and the reasoning related to the 
construction of scientific knowledge.

It is important to highlight that, as the area of Philosophy of Science is the widest 
in scope when compared to the other areas of knowledge, then so are its aspects. For 
this reason, to have a distant look on the paths trailed during the process of construction 
of scientific knowledge, it is also necessary to develop a “philosophic eye”. Therefore, as 
mentioned in the previous section, these aspects can be observed explicitly or implicitly 
in other areas, as a result of the existence of the “philosophical base” element, included 
in the current version of the model.

Psychology of Science

This is an area that studies mental processes and the behaviour of the individual 
person11, in this case the scientist, during the processes for the production and use 
of scientific knowledge. Focusing specifically on the mental processes studied within 
the perspective of Cognitive Psychology, MoSSE v.2 focuses on the processes for the 
acquisition of knowledge; in other words, how an individual person thinks during 
production and use of scientific knowledge. Such mental processes are often indissociable 
from the behaviour of the individual person and other mental aspects as studied by other 
subdivisions of Psychology, such as Psychoanalysis. For this reason, different from the 
view taken by Justi and Erduran (2015), we have decided to include aspects regarding 
Cognition in this area.

Considering that the study of Psychology of Science includes intrapersonal 
relations of an individual person (scientist) with the processes for production and use of 
scientific knowledge, some of its aspects are:

•	 Complexity: This issue discusses how, during the processes for production 
and use of scientific content, a scientist can have difficulty to understand part 
thereof, due to its complexity;

•	 Creativity: This discusses the capacity that a scientist has to create, produce, 
and/or invent something new, as also to innovate based on something that 
already exists, during the processes of production and use of certain scientific 
content;

•	 Fallibility: This discusses how each scientist identifies and deals with errors 
during the process for production and use of scientific content;

•	 Uncertainty: This item discusses how each scientist deals with uncertainties12, 
and more precisely how the scientist gains awareness, then takes a stand and, 

11  This focus on the individual distinguishes Psychology of Science from Sociology of Science, as this latter area 
focuses on the interaction between individual people, within society.
12  We understand uncertainty as something for which we cannot accurately predict a result or come up with an 
explanation.



         |  RBPEC 20, 617–651632  

Santos, Maia, & Justi

when possible or when necessary, takes decisions when faced with these 
uncertainties;

•	 Motivational influence: This discusses the influences that the motivations of a 
scientist, be they intrinsic and/or extrinsic, may suffer and/or exercise on the 
processes for production and use of scientific knowledge;

•	 Intelligence: Discusses intellectual characteristics of a scientist, linking it to 
the way the scientist understands, connects, and makes choices concerning a 
certain type of scientific knowledge during the processes for the production 
and use thereof, so that it may be possible to think of the scientist as having 
“regular” intelligence, meaning that the scientist does not have an intelligence 
that is out of the ordinary (which would make him or her a genius);

•	 Limitation: Discusses how, due to internal and/or external factors, a scientist 
could experience difficulties, or even see himself or herself unable to continue 
with the process of production and use of certain scientific knowledge;

•	 Non-linearity of reasoning: Discusses how a scientist’s thinking does not 
undergo linear change during the processes for production and use of 
scientific knowledge;

•	 Objectivity: Discusses how a scientist can think and act directly, meaning 
being focused on a target during the processes of production and use of 
scientific knowledge;

•	 Personality: Discusses the personality13 of a scientist, seeking to explain, for 
example, the behaviour thereof in a certain situation, throughout the processes 
for production and use of scientific knowledge;

•	 Rationality: Discusses how a scientist can think and act based on reason; in 
other words, how he or she can connect thoughts following some logic, during 
the processes for production and use of scientific knowledge;

•	 Representation: Discusses the scientist’s ability to express an idea, be it verbally, 
visually, mathematically or in another way (for example, on thinking of and/
or producing analogies and models during the processes for production and 
use of scientific knowledge);

•	 Subjectivity: Discusses how the scientist’s ways of thinking and/or acting are 
related to his or her own pre-conceptions, which could be different from those 
of another person and not necessarily based on some kind of explicit logic.

In this area in particular, it is relevant to make an observation on three aspects: 
Objectivity, Rationality and Subjectivity. This is due to the current context we are now living, 
known as the post-truth era, which means times when individuals resort to emotions and 
personal beliefs instead of objective facts to mould public opinion (Oxford Dictionary, 2016) 
and that, therefore, can be regarded as an uninformed or acritical type of public opinion. In this 
context, where individual people tend to have extreme views, such aspects are very important 

13  We understand personality as a set of significant characteristics, specific to an individual, and that identify 
this individual, distinguishing him or her from others. This includes, for example, if the person is honest or 
incorruptible in a certain situation, during the processes for production and use of scientific knowledge.
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so that they may seek a posture that is present in a kind of continuum14. This is because, for an 
individual who takes on an extremist position, Science is either rational or subjective. In other 
words, for this individual person the aspects are represented as: Objectivity and Rationality 
versus Subjectivity, meaning that, if there is acknowledgement of the presence of subjectivity 
in the construction of Science, its status and credibility are reduced (as discussed, for instance, 
by El-Hani & Machado, 2020; Martins, 2015). From this standpoint, if we identify these three 
aspects in one same area of knowledge, and if we characterise each one of these, then we have 
the intention of contributing so that individual people may understand them and also reflect 
upon them, so that then, starting from this, they may be able to take up a posture in a kind of 
continuum instead of just one extreme, or the other, of this continuum. 

This same logic was followed with regard to the aspects of Motivational influence, 
Cultural influence, Socio-political influence and Historical influence15, which means that, 
based on these aspects, it is possible that the individuals become aware of the fact that 
Science is not neutral, meaning that it influences, and is influenced by, different aspects 
(as discussed in El-Hani & Machado, 2020). This would be an important contribution 
not only for the area of Science Education as also for society as a whole, as the adoption of 
extreme positions by individual people is something historical that, in bygone days, was 
influenced, for example, by religion, and now, in the post-truth era, is being (particularly) 
influenced by politics (Neiva, 2020). In this way, it is essential that we promote a more 
authentic type of scientific education and, as a result, a process of scientific literacy that 
is wider in scope, seeking the development of a well-informed and critical style of public 
opinion. 

Anthropology of Science

Anthropology is an area that studies the human being in a broader sense, in 
the sense of humanity itself. This area can be subdivided16 as follows: (i) Biological or 
Physical Anthropology, which studies the human being in its biological dimension, 
including mankind’s origins, evolution, and physical variations; (ii) Social17 or Cultural18 
Anthropology, which studies the human being and different cultures, which means, in 
essence, the cultural diversity of mankind; (iii) Linguistic Anthropology, that studies 
mankind and language (language, speech, and linguistic issues), as well 

14  We assume that the representation (or an attempt at representation) of a balance between the extremes as a 
continuum.
15  These last three are characterised in the following sections.
16  These subdivisions may differ depending on the origin of the authors who propose them: Latin America, the 
United States of America, or Europe. For this reason, when necessary, for a better understanding of our ideas, we 
decide to present the different forms under which these subdivisions may appear, as also the relationships between 
them.
17  Social Anthropology is different from Sociology with regard to its object of investigation. Sociology studies the 
human species as society, while Social Anthropology studies the influence of this society upon humanity.
18  US authors only use the term Cultural Anthropology, as they feel that Social Anthropology and Cultural 
Anthropology are distinct areas. In the US view, Cultural Anthropology Cultural studies human cultural diversity, 
among both extinct and contemporary groups. This is different from Social Anthropology as the concept of society 
is wider in scope than that of culture, as a society can consist of individuals who show signs of different cultures.
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as the consequences and shades involved in human language; and (iv) Archaeological 
Anthropology, that studies the man of past and present, based on an analysis of material 
remains such as fossils, paintings, works of art and architecture, interventions in the 
environment. In this way, each subdivision has specific questions attached to it and, 
even though ethnography is a methodology widely used in the area of Anthropology, 
each subdivision also makes use of specific methods (thus making it clear that there is 
not “the” or “an only” method), with the study of the human being common to all these.

Apart from studying the human being, Anthropology of Science also studies the 
relationship between the human being and scientific knowledge, considering that the 
production of this knowledge is a type of social action, and that its development is a type 
of cultural production. This being the case, we assume that the study of Anthropology 
of Science is linked to the processes of production and development of scientific content 
based on aspects such as:

•	 Incommensurability: Discusses the concept of culture19, so that such discussions 
lead to the ideas that there is no good or bad culture, and neither a better or 
a worse culture; there are just different cultures. Therefore, the same scientific 
knowledge may be constructed, interpreted and valued in different ways, 
according to different cultures; and

•	 Cultural influence: Discusses the influences20 that culture may have and/or 
exercise in relation to certain scientific knowledge. This means that individual 
people who express different cultures can interpret a same phenomenon in 
different ways.

Sociology of Science

This is an area which looks into how the process of production of scientific 
knowledge unfolds, analysing the interactions of the individual person, in this case the 
scientist, within society. Therefore, the studies of this area show that Science is a social 
practice, involving aspects such as: 

•	 Acceptability: Discusses how knowledge is produced, communicated, 
evaluated, reviewed and validated by scientists, so that it is accepted as 
scientific.

•	 Credibility: Discusses the status that the scientists, the institutions, the prizes 
and awards (like the Nobel prize) and/or Science itself have vis-à-vis the 
scientific community and/or society as a whole;

•	 Fallibility: Discusses how scientists identify and deal with mistakes during the 
process for production of scientific knowledge, in a social perspective, or, in 
other words, how they team up in the academic community when faced with 

19  We understand culture as being a set of beliefs, habits, ways of dressing, ways of thinking and acting, speaking, 
eating habits, walking habits and styles of praying, among others, meaning what is passed, acquired, learnt, 
experienced and shared with individual people (Laraia, 2001).
20  Arising, for example, from positions related to the degrading of the environment, racism, and feminism, among 
others. 
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mistakes, either their own or committed by other scientist(s); 
•	 Uncertainty: Discusses how scientists, as a group of professional people, deal 

with uncertainties, and more precisely how they acquire awareness and take 
up a position, and also, when possible or necessary, take decisions regarding 
the group;

•	 Socio-political influence: Discusses the influence that the society in which the 
scientists find themselves and the (local or global) politics can suffer and/
or exercise during the process of production of scientific knowledge. For 
instance, Sociology of Science can discuss how social and political issues 
illuminated by different positions can have an influence on the development 
of research studies about a certain issue and/or how research as carried out 
interferes with the social and political medium; and

•	 Interaction among scientists: Discusses the different types of interaction 
among scientists, including partnerships, contributions, disagreements, and 
disputes, during the process of production of scientific knowledge.

Economics of Science

This is an area that studies the impact suffered and/or exercised through 
commodification21 and commercialisation22 of scientific knowledge in the stages of 
production, development, and application thereof, as also some of its aspects:

•	 Access to knowledge: This discusses the issue of exclusivity of access to scientific 
knowledge and the implications this has on the monetary value added thereto, 
as well as implications regarding who can directly or indirectly make use of 
such knowledge;

•	 Applicability: This discusses the interest on the part of institutions involved 
in the processes of production, development and/or application of scientific 
knowledge in the use thereof; 

•	 Competitiveness: This discusses competitivity between institutions during 
the processes for the production, development and application of scientific 
knowledge, seeking to obtain patents and/or recognition for the innovation;

•	 Funding sources: Addresses the variety of institutions, these including 
universities, research centres, industrial laboratories, Government agencies, 
and spin-off23 companies, among others, responsible for the funding of 
scientific research;

•	 Economic investment: Focuses on how investment, during the processes for 
production, development and application of scientific knowledge, is gradual 
and depends both on the results of these processes as on social, political, and 
environmental factors, among others;

21  Commodification is transforming something into merchandise  (Knuuttila, 2013).
22  Commercialisation is putting something up for sale (Knuuttila, 2013).
23  Spin-off is a company derived from an original one. 
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•	 Productivity: Discusses institutions’ interests that are involved in the processes 
of production, development, and application of scientific knowledge in 
productivity, in terms of financial return;

•	 Advertising: Focuses on the interests of the institutions involved in processes 
of production, development and application of scientific knowledge, for 
the publicity thereof, with the ultimate goal of obtaining funding and/or 
commodification and commercialisation; and

•	 Feasibility: Discusses the evaluation process to define and/or justify investment 
in scientific research.

History of Science

This is an area that studies the development of scientific knowledge over time, 
which means the modification of the ideas related to Science and the production and/or 
modification of the ideas in past and/or contemporary contexts. Therefore, we believe 
that its main aspects are:

•	 Historical influence: This looks at the influences that the historical context 
may suffer and/or exercise, with regard to the processes for production and 
use of certain scientific knowledge over time;

•	 Multiplicity: Focuses on the different types of narratives and/or interpretations 
for one same historical episode, in relation to a certain item of scientific 
knowledge;

•	 Non-linearity: This aspect addresses the fact that there is not just one path 
for the development of scientific knowledge, including the recall of ideas 
presented in previous research studies, unforeseen circumstances, and 
changes in research into a certain piece of scientific knowledge, as unfolded 
over time.

•	 Progressivity: This discusses the process through which a certain piece of 
scientific knowledge is produced, communicated, assessed, revised and 
validated, gradually over time. It is therefore made evident that knowledge is 
not constructed in one go, requiring a certain period of time as necessary so 
that the processes for production of scientific knowledge may occur; and

•	 Tentativeness: This discusses the occurrence of changes to a certain unit 
of scientific knowledge over time, with some ideas being abandoned and 
replaced by new constructions, which is a consequence of the process being 
dynamic rather than linear and progressive.

Expanding the Analogy

Going back to the analogy with the London Eye (Figure 1), on proposing and 
characterising the aspects of NOS present in each of the areas of knowledge, we see the 
possibility of extension thereof. According to Justi and Erduran (2015), Science can be 
seen based on one single capsule (from the viewpoint of an individual person inside one 
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of them) or several at the same time (from the viewpoint of an external observer). In the 
analogue visual representation for MoSSE v.2 (Figure 3), Science can still be visualised 
based either on one capsule or on many at the same time. However, in addition, it can 
also be viewed based on the integration of the “philosophical base” with one or more of 
the areas of knowledge (represented by capsules), for example, when a certain capsule 
(Philosophy, Psychology, Anthropology, Sociology, Economics, or History of Science) 
passes through the “philosophical base” of the Ferris wheel, making the “philosophical 
air” enter inside it and permeate the views of the individuals who are in that capsule or 
those who observe it from outside.

Also with regard to the visual representation for MoSSE v.2 (Figure 3), we perceive 
the possibility of extending the analogy with regard to the position taken up by the 
individual within the capsule. For instance, the Influence aspect (specified as motivational, 
cultural, socio-political and historical) appears in many of the areas represented by the 
capsules. In the original source domain, the individual person enters a capsule to see 
London from different angles. Then, if someone takes up a position within each capsule 
at a specific angle, then he or she can see London from the perspective of that particular 
angle. Returning to the analogue domain, this individual can gain a specific view of 
Science from the standpoint of the area represented by the capsule where the person is, 
and from the angle of where he would be positioned within that capsule (for example, 
from the perspective of the area of History of Science and under the angle represented 
by the Historical influence aspect, or from the perspective of the area of Psychology of 
Science and under the angle of the Motivational influence aspect.

This extension may not be generalised for all aspects of NOS, as only some of 
them have similar meanings (represented by names that are exactly the same or very 
similar). This backs up our belief that Science is integrated and wide in scope. However, 
for this integration to be possible, one must be  clear about the existence of many forms 
of Science and that these have characteristics that could be shared with other forms of  
Science, as well as characteristics specific to each one of them (as discussed by Irzik and 
Nola, 2011, 2014).

Finally, just like Justi and Erduran (2015), we consider the criticism that has 
been raised against the lists of tenets and have based ourselves on the proposal raised 
by Allchin (2011, 2012b, 2013) to propose our ideas. In addition, we have also based 
ourselves on the proposal of Erduran and Dagher (2014) to expand the scope of MoSSE, 
producing MoSSE v.2. This, because such proposals help to solve some of the many 
different problems that the ideas presented in lists of tenets bring. However, as formerly 
mentioned, MoSSE v.2 is justified as it presents detailed and didactic characterisation 
of what each of the aspects of NOS to be introduced into Science teaching would be 
like, as also provides a visual representation that favours understanding, especially by 
teachers. Thus, our main contribution refers to the dimension concerning what to teach 
about Science (according to Martins, 2015). Because of this, the use of MoSSE v.2 may 
help to promote a more authentic type of Science education, emancipatory as a result, 
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to the extent that it can support the formation of people who are critical with reflexive 
minds (Sasseron & Carvalho, 2011), meaning the development of a wider viewpoint 
about Science and, therefore, a critical and well-informed public opinion.

Potentialities and Perspectives
In a move to discuss the potential of MoSSE v.2, to begin with we decided to 

present a synthetic organisation of the different areas of knowledge represented in the 
model, and of their respective aspects of NOS (Figure 4). In this way, the reader may 
more easily identify which aspects are present in each area and which appear in more 
than one area (aspect identified by a name totally or partly the same in different areas).

Areas of 
Knowledge Philosophy 

of Science
Psychology 
of Science 

Anthropology 
of Science

Sociology 
of Science

Economics 
of Science

History 
of ScienceAspects of NOS

Epistemology x
Ethics x
Logic x
Complexity x
Creativity x
Fallibility x x
Uncertainty x x
Influence motivational cultural socio-political historical
Intelligence x
Limitation x
Non-linearity of reasoning x
Objectivity x
Personality x
Rationality x
Representation x
Subjectivity x

Incommensurability x
Acceptability x
Credibility x
Interaction among 
scientists x

Access to 
knowledge x

Applicability x
Competitiveness x
Funding sources x

Figure 4. A synthetic organisation of areas of knowledge as represented in MoSSE v.2 and their respective 
aspects (to be continued)
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Areas of 
Knowledge Philosophy 

of Science
Psychology 
of Science 

Anthropology 
of Science

Sociology 
of Science

Economics 
of Science

History 
of ScienceAspects of NOS

Economic 
investment x

Productivity x
Advertising x
Feasibility x
Multiplicity x
Progressivity x
Tentativeness x

Figure 4. A synthetic organisation of areas of knowledge as represented in MoSSE v.2 and their respective 
aspects (continuation)

We also stress that, just like Justi and Erduran (2015) on presenting the different 
subject perspectives, our intention on proposing, characterising and presenting these 
aspects of NOS is not that they should be exhaustive, but that they be representative 
of the different aspects that can be related to different areas of knowledge within the 
context of Science Education. 

Figure 4 shows that MoSSE v.2 characterises Science based on six main areas of 
knowledge, that are associated to 37 aspects of NOS, with three related to Philosophy of 
Science; 13 to Psychology of Science; two to Anthropology of Science; six to Sociology 
of Science; eight to Economics of Science; and five to History of Science. Some of these 
aspects are common to more than one area, such as the Fallibility and Uncertainty aspects 
that are common to Psychology and Sociology of Science. Apart from these, we also 
have the aspect of Non-linearity (with complements) which is common to Psychology 
and History of Science. Finally, we have the Influence aspect (with variations) which is 
common to the areas of Psychology, Anthropology, Sociology, and History of Science. 
However, even though the names of the aspects are the same (in full or in part), they 
represent different perspectives in each area of knowledge, thereby representing a 
different standpoint in the model. Along these same lines, considering the presence of the 
“philosophical base” element, the aspects of the area of Philosophy of Science, especially 
Ethics, permeate all the other areas. This means that Figure 4 favours the visualisation of 
the concept of Science as shown in MoSSE v.2. 

With regard to the use of MoSSE v.2 as support for teachers planning more 
authentic teaching situations, having understood the meaning and significance of each 
aspect of NOS, the teacher can, based on Figure 4, more easily identify which aspects he 
or she wishes to introduce, and related to which areas, in a contextualised, explicit, and 
integrated manner, within an activity. However, the sheer number of areas of knowledge 
and aspects of NOS that could be inserted and discussed within a teaching context shall 
depend on the context in which the students are inserted, the activity, and information 
contained therein, the prior ideas that the students can state and/or research at the 
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moment, and the goals of the teacher for that context of private teaching.
In this regard, by way of example, MoSSE v.2 has already been used as a theoretical 

background to propose activities based on the film The Boy Who Harnessed the Wind24 
aimed at High School students, seeking to introduce aspects of NOS, in a contextualised, 
explicit, and integrated manner, within Science teaching (Siqueira, 2019). For the 
preparation of one of the activities, the author/teacher selected some excerpts of the 
film in which aspects of NOS, according to the details of their meanings as presented 
in the model, could be identified in the words and the actions of the characters. For 
instance, Excerpt 1, that Siqueira (2019) named as Curiosity of William25, shows the boy’s 
curiosity on comparing the internal “skeleton” of the radio equipment owned by his 
father, equipment that worked perfectly, with the radio owned by his neighbour and 
which didn’t work. In addition, this excerpt showed that the boy insisted for days on 
end, repairing the radio, until he managed it. Based on this excerpt, it is possible to 
insert and discuss, in a contextualized and explicit manner, the Creativity and Personality 
aspects, both from the Psychology of Science area. On the other hand, one can only say 
that this was done in an integrated manner on presenting and analysing the activity as a 
whole, as only after the combination of excerpts is it possible to discuss some curricular 
contents of Physics related to the production of energy (wind energy, in the case of the 
film).

Because of this, and thinking of the context of Basic Education, the names, the 
meanings and the respective areas of the aspects of NOS, as also the analogue visual 
representation of MoSSE v.2, are presented didactically, with the aim of helping the 
teacher with the elaboration and guidance of teaching activities. Otherwise, the model 
would be reduced to just a list of aspects of NOS that could be presented to the students 
in a declarative manner, something strongly criticised in specialised literature (e.g., 
Allchin, 2011, 2013, 2017; Erduran & Dagher, 2014; Irzik & Nola, 2011, 2014; Justi & 
Erduran, 2015; Matthews, 2012; McComas, 2008; Nielsen, 2013; Osborne et al., 2003; 
van Dijk, 2011; Weinstein, 2008; Wong & Hodson, 2010). However, we must point out 
that, at the moment of discussion of the activities, the teacher must not present the 
names, meanings, or respective areas of the aspects of NOS to the students, but rather 
the ideas related thereto (and relationships between them) if these are not mentioned by 
the students themselves.

With regard to the context of Higher Education, thinking about teacher 
qualification (initial and/or ongoing), the use of the model would be different. The 
names, the meanings, and the respective areas of the aspects of NOS not only can but 
should be presented to the (future) teachers, to expand their own knowledge and so 
they may be able to use this model as support when planning more authentic teaching 
situations with propriety. However, we suggest that, before the teachers are informed 
about MoSSE v.2, they should experience activities based on it so that, as discussed above, 

24  https://www.netflix.com/br/title/80200047 
25  William is the protagonist of the film.
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the formative process may not be based on a declarative teaching style. In addition, we 
feel it is essential that teachers believe in the importance of promoting a more authentic 
type of Science education and insert this in their goals for the teaching and learning 
processes. For this reason, we are currently conducting a study that makes use of MoSSE 
v.2 as foundations for the preparation of different types of activities (investigative, 
historical and argumentative), involving different contexts (daily routine, scientific, and 
socioscientific) aimed at educating pre-service Chemistry teachers. This, because the fact 
that they experience activities that support this perspective of education may help them 
to believe in the potential of, and promote, a more authentic style of Science education.

Regarding the use of MoSSE v.2 as an analytical tool for data collected in teaching 
contexts, based on the understanding of the elements presented in Figure 4, the analyst 
may more easily identify which aspects of NOS, and related to which areas of knowledge, 
were shown and/or experienced by the research subjects. In addition, if such data is 
analysed for a certain period of time, the analyst may have elements to understand 
the process of construction and development of scientific knowledge by the subjects 
involved. However, for the tool to be appropriately used, the cutting and/or analysis unit 
should not be made up of fragmented data. Even if the analyst is interested in using the 
tool for specific fragments, such as in transcription of speech, it is necessary that this be 
situated, which means inserted in the context from where it was proffered. It is therefore 
essential that one knows exactly what happened or what was said both before and after 
the transcribed section to be analysed. In this regard, we recommend to the analyst 
that, before using the tool, he or she should describe its data, and that the transcriptions 
should be situated within this description. This was done on analysing data collected 
in a teaching context with the aim of understanding views about Science as shown by 
High School students and any relations between these and Modelling-based Teaching in 
routine, scientific and socioscientific contexts (Santos, 2019).

Within this perspective, the aspects of NOS could be used by the analyst as well-
defined categories, on analysis of the data collected in any teaching contexts. For this 
reason, we show concern with giving a name to, and presenting detailed characteristics 
of, each and every one of the aspects as identified and proposed, related to the respective 
areas of knowledge represented on MoSSE v.2. In addition, we feel this has been the 
most significant contribution made by this research to the area of Science Education. 
This, because we often find the term “aspects” and/or “aspects of NOS” in the Science 
Education literature, without these being identified and without clear explanation of 
their meanings. It is also common to find, for example, that certain information is linked 
to economic or historical aspects, among others. However, so far (start of 2020), we have 
not found, in the literature, any study that identifies and characterises such aspects, as 
well as establishing this general connection.

In this regard, MoSSE v.2 is being used to analyse data collected within a teaching 
context of qualification of Chemistry teachers with the purpose of understanding: (i) the 
views about Science of the pre-service teachers, and the connection between these and a 
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subject that has been planned and given in a contextualised manner; and (ii) the content 
knowledge of NOS as used by the pre-service teachers during a formative process based 
on the model. In addition, in this same context, MoSSE v.2 shall also be used by the 
future teachers to analyse a teaching activity based on the model, as they have produced.

Turning now to the perspectives of MoSSE v.2, even though this is a theoretical 
paper, different from Justi and Erduran (2015), we have had some empirical support 
available for the expansion thereof. Because of this, as we explain, we also present 
examples and have discussions about the two functions with which the model may be 
used, we have been able to show examples of some studies either recently completed 
and/or in progress. However, this does not exclude the need to carry out new studies, 
with the presentation of possible questions to be investigated. For instance, in the 
current context marked by the pandemic (caused by the coronavirus SARS-CoV-2) that 
we are now experiencing, and the problems this has caused, it may never have been so 
explicit as now that there is a need for integration of different areas of knowledge so that 
someone may take a position with regard to certain problems, or even seek solutions 
for these problems. Following this viewpoint, the use of MoSSE v.2 in Science teaching 
could favour such integration. However, it would be necessary to have special studies to 
analyse if and how such integration is favoured, as well as studies about the education 
and the development of teachers so that they may be able to lead the teaching process 
based on the perspective as defended here.

We stress that, in all studies as mentioned as exemplification of the use of MoSSE 
v.2, the aspects of NOS were used as well-defined categories for the preparation of 
activities and/or data analysis in teaching contexts, more specifically for the identification 
of aspects that could be introduced in a contextualised, and/or explicit, and/or integrated 
manner, in the teaching of Science/Chemistry, regardless of the educational level. 
In addition, many of these studies were, and are, being conducted by teachers and 
researchers in addition to those involved in the expansion of the model that resulted in 
MoSSE v.2 — these being subjects that could present their own evaluations about the 
scope and limitations of this new version of the model. In this regard, the results of these 
studies shall also be contributing for the validation thereof.

Finally, we highlight that, just like many new models as proposed throughout 
history, the MoSSE v.2 is based on assumptions made by other previous models (mainly, 
but not only, from the MoSSE), but has essence-related elements that are different26. 
This means that some important points distinguish the proposal made in this paper 
from the others, that other authors have presented. To start with, this is not just a list 
of tenets, as that presented by Lederman and collaborators. Much to the contrary, it 
is aligned with a viewpoint based on wide-scope and contemporary Science, like the 
models presented by Allchin (based on the idea of Whole Science) and by Irzik and 
Nola, and Erduran and Dagher (based on the idea of Family Resemblance, proposed 
by Wittgenstein). Our proposal going beyond these, in an attempt to characterise a 

26  In terms of a Lakatosian research programme, we kept the hard core, but changed the protective belt.
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viewpoint to instrumentalise teachers to think of Science as a whole, attempting to guide 
understanding and reflections about its construction processes. In this way, MoSSE v.2 
proposes to guide understanding and reflections about Science, turning one’s eyes to 
how the different aspects of NOS characterise it, while also trying not to immobilise 
them. In addition, the multiplicity of areas of knowledge and aspects of NOS included in 
such a model makes it evident the very status of diversity and continuous construction of 
different shades of Science, as it forecasts the possibility of appearance (or consideration) 
of new areas and aspects. 

Thus, even with regard to other perspectives that present a wide-scope and 
contemporary view of Science, the MoSSE v.2 has three essential characteristics that 
tend to strengthen its use in teaching contexts and in analysis of these: (i) it shows itself 
to be more didactic, as it seeks to guide the teacher’s and/or the researcher’s thoughts 
through the large areas of knowledge, and through the different aspects of NOS based 
on the due characterisation of each one of these; (ii) it is represented by an analogy that 
favours the understanding of the roles of, and relations between, the different areas of 
knowledge and their respective aspects; and (iii) it reflects the dynamism and multiplicity 
of Science.

Also with regard to the use of analogue representations to favour the understanding 
of a model by teachers, this was done previously, in a theoretical manner, by Erduran 
and Dagher (2014) and then empirically, in studies carried out in only one single context 
for data collection involving trainee teachers (Erduran & Kaya, 2018; Kaya et al., 2019). 
However, as highlighted before, the representation used by these authors involves a 
source domain unfamiliar to many teachers and where not all the relations between the 
elements of the model are clearly represented. As a result, and in line with the principles 
that define conditions for the establishment of satisfactory analogies (e.g., in Gentner, 
1989), we feel that it may not contribute to such a direct mapping between the two 
domains of the analogy (and the consequent viewing of the elements present in the 
model represented and the relationships between them) as occurs in the case of an 
analogy with a source domain like a ferris wheel. This justifies our concern not only with 
the expansion of the model itself, but also with the change in its visual representation 
and with the presentation of clear explanations related to them, seeking to contribute to 
the understanding by teachers and researchers who may one day use  MoSSE v.2.

Thus, starting from the studies based on MoSSE v. 2 and the disclosure of the results 
arising therefrom, in the near future, we expect to promote critical reflections about how 
us, teachers and researchers, are contributing to the promotion and the attainment of a 
more authentic type of Science education — and, as a result, an emancipatory one, to the 
extent that it could contribute to the education of people who have critical and reflexive 
minds (Sasseron & Carvalho, 2011) based on the development of a more ample viewpoint 
about Science and, therefore, a well-informed and critical public opinion on the part of 
students. At the same time, we hope that, on making a tour of the visual representation 
of MoSSE v.2, teachers and researchers can expand their viewpoints about Science, so 
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that the ideas discussed in this paper, and also in other papers that report on studies 
currently under way, expand the perspectives regarding the introduction of aspects of 
NOS in Science Education, thereby nurturing growing dialogue between all the parties 
interested in this subject.
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