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Abstract
For years, inquiry-based learning has been conceived of and promoted as one of the best
approaches to learning science. However, there is currently a movement within the
science education community that suggests promoting science learning based on scien-
tific practices, instead of inquiry, because in this way, science learning would be more
coherent with the enterprise that is science. But, are there well-founded reasons to work
towards this shift, or is it just a new terminology with which to refer to inquiry? In order
to respond to this question, firstly, the main arguments which support science education
based on scientific practices are presented. Secondly, an analysis is made in order to
determine the extent to which the approach based on scientific practices is innovative
with respect to the inquiry approach. Thirdly, nature of the inquiry and scientific practice
constructs is analyzed. All of this is done from a critical and reflective view. Finally, some
reflections and suggestions are made in relation to practice-based science education.
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Distinctions between the cognitive and the social, the technical and the career-relevant, the scientific and
the non-scientific are constantly blurred and redrawn in the laboratory (Knorr-Cetina 1981, p. 23).

1 Introduction

As in other areas of knowledge, changes in approaches, models, and paradigms constitute a usual
and necessary dynamic for the development of science education. Most such changes are not,
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however, immediate, since they have to coexist and compete with the previous approaches for some
time. Thus, sometimes a new approach begins to be promoted with respect to another which had
attained a high level of consensus or acceptance in the international science education community. In
my opinion, this iswhat is now happeningwith the pedagogicalmovement which assumes scientific
practices instead of inquiry as the ideal framework for learning science.

The approach based on scientific practices has mainly emerged in the context of
education in the USA (Bybee 2011; Ford 2015; NGSS Lead States, 2013; National
Research Council [NRC] 2012; Osborne 2014), and it is starting to make some impact
in other many countries, such as Canada (e.g., Öberg and Campbell 2019), South Korea
(e.g., Lin et al. 2016; Yoon et al. 2014), Taiwan (e.g., Cheng et al. 2019), Jordan (e.g.,
Malkawi and Rababah 2018), Netherlands (e.g., Prins et al. 2018), and Spain (Crujeiras-
Pérez and Jiménez-Aleixandre 2018; Jiménez-Liso et al. 2019). However, in some of
these countries, such as Spain, the scientific practice term has begun to be used in the
community of science teacher educators, although the official science curriculum for
primary and secondary education (Education Ministry 2014, 2015) does not refer to it.
The closest thing to it is included in a block of cross-cutting contents called initiation to
scientific activity in the primary science curriculum, and scientific activity in the sec-
ondary science curriculum, in which some inquiry abilities are suggested. For example,
within that block for primary education, one of the learning standards establishes that
“students conduct small inquiries posing problems, hypothesizing, selecting materials,
obtaining conclusions and communicating them.” In other European countries, such as
UK, the science curriculum also does not refer to scientific practices (Department for
Education 2013). Instead, it is employed the phrase “practical scientific methods, pro-
cesses and skills” to refer to those school tasks related to scientific inquiry. Similarly, the
current Australian science curriculum (Australian Curriculum, Assessment and Reporting
Authority [ACARA] 2015) also continues to refer to science inquiry skills as one of the
elemental strands of science.

Consequently, I have wondered: are there substantial reasons for justifying this
change of didactic approach, or it is just a new terminology with which to refer to the
usual school science activities based on inquiry? In order to respond this question, in
this article I shall (i) look at the main reasons that have motivated the proposal for
promoting practice-based science learning, (ii) present arguments that question the
need for that change of didactic approach, and (iii) assess the said reasons based on
an analysis of nature of the two constructs. This shall be done from a critical and
reflective view through a review of the more relevant authors who support that
educational change, the main reform documents in which it is proposed (i.e., K–12
Framework NRC 2012 and NGSS Lead States, 2013), and which are cited in the
majority of international proposal aligned with science-based science education,1 as
well as of literature on science studies, history, philosophy, and sociology of science.
I shall conclude with some suggestions for expanding the predominant conceptualiza-
tion of practice-based science education currently.

1 K-12 Framework NRC (2012) document is cited in the majority of the current international studies on practice-
based science education (see, for example, the references cited above). In addition, that document is mentioned in
the Science Framework of PISA 2015 and 2018 Organization for Economic Co-operation and Development
[OECD] (2017, 2019), which is an international program that currently affects 76 countries.
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2 Why Teach Science Based on Scientific Practices?

For years, there has been a broad international consensus that scientific inquiry is one of the
most appropriate approaches to learning science (Abd-El-Khalick et al. 2004; Harlen 2012;
OECD 2017, 2019; Rocard et al. 2007), especially if the students are to learn science by doing
science (Hodson 2014). Although the literature places the origin of this didactic approach in
the early twentieth century with the American John Dewey (1859–1952), it was not until the
beginning of the 1960s with the work of Joseph J. Schwab (1909–1988) that scientific inquiry
began to take on importance in the proposals for science teaching in the USA (Barrow 2006;
Bybee 2011).

At that time, the focus of US science curricula was on the so-called processes of science.
The intention was to banish the rote application of the steps of the “scientific method” that
prevailed in science classes. The aim of shifting the focus to the processes of science was to
emphasize that students learnt specific and fundamental processes such as observing, clarify-
ing, measuring, inferring, and predicting, at the same time as they were learning the concepts
of the scientific discipline (Bybee 2011, p. 14). But, apparently, this perspective led to the
learning of concepts being left unattended in favor of the processes. Consequently, the
incorporation of scientific inquiry into the educational context was aimed at stressing the
learning of science concepts by using the skills of inquiry (ibid.). In other words, a teaching
strategy was being encouraged whose focus was on using activities and inquiries to learn
science by doing science.

Since then, the approach of inquiry-based science learning has been taken into account in
the majority of science education plans in the world (Abd-El-Khalick et al. 2004; OECD 2007;
Ramnarain 2018; Rocard et al. 2007; Rundgren 2018; Zhang 2016), and this has evolved with
multiple meanings or different proposals for its implementation in class (Minner et al. 2010;
Rönnebeck et al. 2016). One can say therefore that the conception of scientific inquiry for use
in school is not univocal, and that the debate about what is the most appropriate didactic
strategy to follow in a science class is still open (Bevins and Price 2016; Furtak et al. 2012;
Hmelo-Silver et al. 2007; Kirschner et al. 2006; Zhang 2016).

In the 1990s, the National Science Education Standards (NRC 1996) established scientific
inquiry in the following terms:

Inquiry is a multifaceted activity that involves making observations; posing questions; examining books
and other sources of information to see what is already known; planning investigations; reviewing what is
already known in light of experimental evidence; using tools to gather, analyze, and interpret data;
proposing answers, explanations, and predictions; and communicating the results. Inquiry requires
identification of assumptions, use of critical and logical thinking, and consideration of alternative
explanations (p. 23).

From that time onwards until the publication of the NGSS Lead States (2013), which itself
was based on what had been established by the NRC (2012),2 the different activities or
actions mentioned above were considered to be desirable skills and abilities for students to
learn science through inquiry NRC (2000). All this has led in recent years to a vast quantity

2 It is necessary to clarify that NGSS are not an official mandatory for science education in the USA. Indeed,
according to the National Science Teaching Association (NSTA, https://ngss.nsta.org/About.aspx), various states
have not adopted the NGSS, and others have adopted them only partially. Even so, I consider that the NGSS is
possibly the most coherent or high-profile document for analyzing science education in the USA. In addition,
according to the literature on science education, the NGSS are very influential in other many countries.
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of international research related to the inquiry-based approach (see, for example, the recent
and interesting reviews by Rönnebeck et al. (2016) and Zhang (2016) of the literature about
it). While research shows that inquiry-based science education favors, for instance, student
active thinking, process skills and positive attitude to science (Anderson 2002; Minner et al.
2010), this also reveals, for instance, the difficulties students have to elaborate complete
scientific explanations of phenomena based on evidence and reasoning and to engage in
high-quality argumentation (Rönnebeck et al. 2016). In addition, research shows difficulties
in training science teachers to be capable of putting the inquiry approach into practice
(García-Carmona et al. 2017; Crawford 2007; Newman et al. 2004; Kim and Tan 2011;
Yoon et al. 2012).

In order to explain the possible causes for scientific inquiry not being as effective a
framework for learning science as might have been expected, some authors, such as Bybee
(2011) and Osborne (2014) among others, have focused on there being an inadequate or
limited understanding of the approach. One example has to do with the oversimplifications that
were made of scientific inquiry in science education (Osborne 2014). Indeed, despite inquiry
approach encourages the learning of science content by using the skills of scientific inquiry
(Bybee 2011), this approach has been frequently interpreted more as a process than as a means
for learning science (Asay and Orgill 2010). In addition, inquiry has been identified with
simple laboratory experiences, performed uncritically and mechanically, as if they were
“cooking recipes” (García-Carmona et al. 2018).

Another possible cause would be the polysemy existing in the literature regarding the
term scientific inquiry. The review by Minner et al. (2010) found that “inquiry” is often
used interchangeably to refer to (1) what scientists do (scientific methodology), (2) what
students do who are learning science with strategies inspired by scientific work (learning
process), and (3) what teachers do to implement the school science curriculum from an
inquiry-based perspective (teaching strategy or method). Probably, this variety of meanings
has hindered any appropriate conceptualization of inquiry in its use in school.3 For Osborne
(2014), the usual implementation of inquiry-based approach in science class has led to
doing science being inappropriately identified with learning science, despite the two
activities being very different both in purpose and in execution. Michaels et al. (2008)
have a similar perception about the term inquiry, and they also prefer to talk about
“scientific practices” instead of “inquiry” in their book for science education in grades
K–8. These authors argue that “science as practice involves doing something and learning
something in such a way that the doing and the learning cannot really be separated” (ibid.,
p. 34). From this perspective, Michaels et al. (2008) assume that “scientific practices” is an
approach broader than “inquiry” and consider the latter a particularly important form of
scientific practice. But, what is really the meaning of “inquiry” in the practice-oriented
framework?4

Osborne (2014) also intends to deepen in what involves engaging in scientific practices
with a review of important contributions from the philosophy of science and from
psychology. First, he highlights that the main purpose of school science education is not

3 This is referred in K–12 Framework (NRC 2012) as follows: “(...) attempts to develop the idea that science
should be taught through a process of inquiry have been hampered by the lack of a commonly accepted definition
of its constituent elements” (p. 44).
4 In the K–12 Framework (2012) document, the term “(scientific) inquiry” is mentioned numerous times;
however, unlike previous standards NRC (1996), what should be understood by “inquiry” within the practice-
based framework is not given (or, at least, not explicitly).
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to train students to do science, and he then concludes that engaging in practice only has
significance if (ibid., p. 183): (a) it helps students to develop a deeper and broader
understanding of what we know, how we know, and the epistemic and procedural
constructs that guide the practice of science; (b) if it is a more effective means of
developing such knowledge; and (c) it presents a more authentic picture of the endeavor
that is science.

It has been attempted to reflect all these arguments in the US latest standards for science
education (NGSS Lead States 2013), in which scientific practices have relegated inquiry to a
secondary plane compared with the prominence it had in previous standards (NRC 1996,
2000). However, the supposedly greater didactic pertinence of practice-based science educa-
tion is yet to be seen, in comparison with the large amount of empirical research around the
world related to science education as inquiry (Minner et al. 2010; Rönnebeck et al. 2016;
Zhang 2016). In addition, when consulting the NGSS’s foundations and suggestions to teach
science through scientific practices, I recognize that it is difficult to find significant differences
with respect to inquiry-based approaches. This perception is also observed among science
educators, as Furtak and Penuel (2019) point out: “We have both found ourselves, on multiple
occasions, in rooms of educators who ask —quite understandably— how the list of eight
science and engineering practices differs from the science inquiry standards” (p. 172).
According to Larkin (2019, p. 1295), it possibly can be due, among other reasons, to a robust
vision of science pedagogy is markedly absent from the NGSS Lead States (2013) and K–12
Framework (NRC 2012) documents.5

Ford (2015) also refers to the latter as follows:

At first glance, this list [referring to the eight scientific practices articulated in NGSS Lead States (2013)]
may seem to suffer from the same issue as “inquiry”. It is not clear whether and how these eight activities
capture the fundamental aspects of science, and whether they are necessary or sufficient to produce
scientific knowledge. Moreover, what is to prevent these activities from being interpreted as an issue of
semantics, with no practical difference between these and “scientific method” or “inquiry?” (p. 1042; the
brackets are mine)

Ford (2015) then argues that scientific practice approach has been differentiated from its
predecessors in that (1) they require specific knowledge to engage them, so they are distinct
from domain-general skills; (2) they are not independent but rather are necessarily interrelated;
and (3) they emphasize the connection between doing and learning. Although, he again notes
that “these points do not get at the most consequential difference that ‘practice’ implies” (ibid.,
p. 1042). Consequently, it seems necessary to complement the consultation of NGSS Lead
States (2013) with a review of the literature on science studies and science education in order
to find arguments which justify the meaning and pedagogical benefits of practice-based
science education (Erduran 2015).

Ford (2015) has carried out a literature review in that sense, and he essentially concludes
that: “whereas the strategy behind ‘scientific method’ and ‘inquiry’ was to articulate
regularities in reasoning and action and use these to define what students should think and
do” (pp. 1042–1043), participating in scientific practices does not mean following a series of

5 Larkin (2019) argues that “the choice to avoid specific pedagogy in standards documents seems understandable
and reasonable because there is even less agreement on pedagogical approaches to teaching science than there is
on the standards themselves (…). Yet, it seems paradoxical to try to develop a public understanding of science
education [which is promoted in these documents] without some sense of how exactly that education is to take
place” (p. 1296; the brackets are mine).
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rules, but rather acquiring a capacity for the permanent evaluation and critique6 in the
construction of knowledge on nature. At this respect, I would like to make three brief
comments. Firstly, while I fully agree that evaluation and critique are two fundamental
processes in the construction of scientific knowledge, I think these have been also
considered in the more genuine approaches for inquiry-based science education, as will be
seen below. Secondly, in the Ford’s analysis, “scientific method” and “inquiry” are treated as
two similar educational approaches; however, inquiry is an approach much more sophisticated
than the former (Tang et al. 2010). Thirdly, Ford insinuates in his argumentation that “inquiry”
means “following a series of rules,” but I have not found in the literature that inquiry-based
science education suggests students should follow a series of “rules” when they engage in
inquiry activities (see, for instance, the inquiry approaches proposed by Abell et al. (2006),
Crawford (2000), Harlen (2012), Reiser et al. (2001), Tang et al. (2010), or White and
Frederiksen (1998)). A very different issue is to employ some type of guidance or script in
order to help students to perform inquiry activities (García-Carmona et al. 2017; Mäkitalo-
Siegl et al. 2011; Mulholland et al. 2009; Vorholzer and von Aufschnaiter 2019). As with all
other educational approaches, students always need some kind of support or scaffolding when
they learn science through inquiry (Arnold et al. 2014; Hmelo-Silver et al. 2007; Sandoval
2005).

3 To What Extent is the Approach Based on Scientific Practices Really
Innovative?

I think the arguments proposed by Ford (2015) for justifying practice-based science
education are also applicable to inquiry-based science education, if it is assumed that
scientific practices (in the context of NGSS Lead States (2013)) and inquiry (in the
context of NRC (1996, 2000) are two constructs that deal with representing “what
scientists do.” Indeed, I find that the especial attention to evaluation and critique
suggested by Ford for science teaching based on practices was already being promot-
ed in the approach to science learning through inquiry. For example, in the NRC
(1996), it can be read the following: “Students need the opportunity to evaluate and
reflect on their own scientific understanding and ability (…)” (p. 88); “Students
should evaluate their own results or solutions to problems, as well as those of under
other children (…)” (pp. 137–138); or “Inquiry requires (…) consideration of alter-
native explanations” (p. 23).

Almost two decades ago, Reiser and co-workers also paid attention to evaluation and
critique in their “The Biology Guided Inquiry Learning Environments (BGuILE)” project:

Mid-investigation critiques provide students with opportunities to assess their progress while they can still
revise and extend their work. Post-investigation assessments provide opportunities for students to
compare their explanations (…). The evaluation criteria for critiques are established during the initial
framing discussion in which students and teachers develop criteria for evaluating explanations. (…) these
discussions are directed to focus students on assessing the causal coherence of their own and their peers’
explanations (…). The goal is that students be able to reason about which explanations might be better
than others and why (Reiser et al. 2001, pp. 293-294).

6 Ford and co-workers define critique as “the social and intellectual source of a search for errors and the
examination of multiple possibilities” (Forman and Ford 2014, p. 200). For more details on this, see Ford (2008).
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Similarly, the renowned scholar Wynne Harlen refers in any way to the aspects above in her
approach for inquiry-based science education. She emphasizes that moving from a traditional
form of teaching science to one based on inquiry implies, among other changes, paying
attention to:

Arranging for group and whole class discussion of ideas and outcomes of investigations; given time for
reflection (…); providing feedback on oral and written reports that enables students to know how to
improve their work; and using assessment formatively as an on-going part of teaching and ensure student
progress in developing knowledge, understanding and skills (Harlen 2012, p. 22).

Crawford (2014) also analyzed the change from inquiry to scientific practices, won-
dering if this constituted another form of rethinking the teaching of science as inquiry.
She compared the two approaches as represented in the last two curricular reform
documents for science teaching in the USA (Table 1), and highlights as one of the
most notable differences the greater emphasis put on argumentation and modeling in
the approach based on scientific practices (ibid., p. 523). However, she then adds that
this emphasis on engaging in argumentation is not entirely a new one, in the sense
that attention to this scientific practice has been also considered in the approaches
based on inquiry. To justify this, Crawford refers to the research done by the
renowned expert Abell and her co-workers, who already put argumentation at the
center of their approaches to learning and teaching science through inquiry a decade
before the current standards were published (ibid., pp. 523–524).

In addition to Abell and co-workers, I find in the literature other authors who also gave special
importance to argumentation in their approaches for science learning as inquiry, before the
publication of the NGSS Lead States (2013) (e.g., Jiménez-Aleixandre et al. 2000; Kim and Song
2006; Reiser et al. 2001; Sampson and Gleim 2009; Sampson et al. 2009; Tang et al. 2010). For
instance, Reiser et al. (2001) referred to argumentation in the BGuILE project as follows:

In our designs, we explore an approach that tries to make the relationship between argumentation goals,
domain theories and investigation strategies explicit for students. There are two types of relationships we
need to support for students. The first is the connection between the argumentation goals and investigation
strategies. In learning and practicing a strategy, students need to see how that strategy affects the type of
inquiry product they produce (…) (p. 270).

In the Spanish context, some well-known school projects for science learning through inquiry
in primary education also promoted argumentation 15 years ago. For example, the “Inquiring
our World (6-12)” project (Cañal et al. 2005) established among its main learning goals to
acquire capacities for engaging in process of debate of ideas through dialog, argumentation,
negotiation, and decision-making.

Likewise, the European Fibonacci Project (2010–2013), which was framed in inquiry-
based learning, and whose committee includes Harlen, also referred to argument in school
science. For example, one of the basic objectives of this educational project was to “Help
students to understand that evidence and scientific reasoning determine the conclusions, not
the number of proponents for a given opinion or the arguments of the strongest students”
(Harlen 2012, p. 15).

Regarding modeling, before the NGSS Lead States (2013), didactic proposals were already
being made about modeling in contexts of learning through inquiry. In the late 1990s, for
example, the US researchers Barbara Y. White and John R. Frederiksen presented the results of
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a much-cited study7 which analyzed the effectiveness of a proposal to learn mechanics through
cycles of inquiry, in which modeling explicitly formed a part:

(…) into an Inquiry Cycle that is explicitly presented to students (…) [they] pursue a sequence of research
goals in which they first formulate a question and then generate a set of competing predictions and
hypotheses related to that question. In order to determine which of their competing hypotheses is accurate,
they then plan and carry out experiments (…). Next, they analyze their data and summarize their findings
in the form of scientific laws and models. Finally, they apply their laws and models to various situations.
(…) It engages middle school students in authentic scientific inquiry in which their primary goal is to
create and apply causal models of force and motion. (…) the purpose is to enable students to learn about
the process of scientific inquiry and modeling while at the same time learning about the physics of force
and motion (White and Frederiksen 1998, pp. 4–5; the brackets are mine).

Abell and co-workers also included the development of models among the objectives of
their teacher training plans for teaching science as inquiry; for example, the construction
of models of light, electric current, and resistance in an inquiry focused on the study how
to light a bulb by means of an elemental electric circuit (Abell et al. 2006), or the
development of models of the Moon and the Earth-Moon-Sun system in an inquiry about
the Moon’s phases (Volkmann and Abell 2003). Likewise, prior to the latest standards,
there had emerged educational proposals for learning science by inquiry which explicitly
included modeling, using terms of the type “model-based inquiry” (Windschitl et al.
2008). At this respect, I also think it is necessary to point out that carrying out inquiry
and modeling practices is not the same as model-based inquiry. The former would refer
to carrying out two different scientific practices of equal epistemological status and
integrated into the context of a particular school science activity. However, the latter
would refer to a specific acceptance or conceptualization of inquiry in which the
generating, testing, and revising of scientific models receive a special attention
(Nuffield Foundation 2013). Something similar can be said for argumentation and
“argument-driven inquiry” (Sampson et al. 2009).

7 According to Google Scholar, this article currently has close to 1900 citations.

Table 1 Comparing inquiry in National Science Education Standards (NSES) (NRC 1996, 2000) and practices
in the K–12 Framework (NRC 2012) (taken from Crawford 2014, p. 523)

NSES (NRC 1996, 2000) K–12 Framework (NRC 2012)
Essential features of inquiry Science and engineering practices

Learners are engaged by scientifically oriented questions Asking questions (for science) and defining
problems (for engineering)

Learners give priority to evidence, which allows them to
develop and evaluate explanations that address scientifically
oriented questions

Developing and using models
Planning and carrying out investigations
Analyzing and interpreting data

Learners evaluate their explanations in light of alternative
explanations, particularly those reflecting scientific
understanding

Using mathematics and computational thinking

Learners communicate and justify their proposed explanations Constructing explanations (for science) and
designing solutions (for engineering)

Engaging in argument from evidence
Obtaining, evaluating, and communicating

information
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Crawford (2014) highlights another distinctive characteristic of the framework of scientific
practices proposed by NGSS Lead States (2013): the emphasis that learning about science (and
engineering) involves the integration of content knowledge and the practices necessary to
participate in an inquiry. However, I think it is opportune to note two considerations in this
regard.

Firstly, the need to integrate or handle scientific knowledge in order to participate in
practices is an idea that was already present in the standards prior to the development of the
inquiry-based approach (NRC, 1996, p. 2): “When engaging in inquiry, students (…) actively
develop their understanding of science by combining scientific knowledge with reasoning and
thinking skills.” Bybee (2011) also points out that: “During the period 1960–1990, interest and
support grew for scientific inquiry as an approach to science teaching that emphasized learning
science concepts and using the skills and abilities of inquiry to learn those concepts” (p. 14).
Attention to scientific knowledge is also very clearly present in Harlen’s approach to science
learning as inquiry: “Inquiry-based science education means students progressively developing
their knowledge and understanding of the world around through their own mental and physical
activity” (Harlen 2012, p.22).

Secondly, in NGSS, it seems to be insinuated that learning about science (i.e., understand-
ing of nature of science [NOS]) can be acquired solely by participating in scientific practices.
However, what education research has repeatedly shown is that NOS is usually only effec-
tively comprehended through explicit reflective approaches (Lederman 2007, 2019; Clough
2018), i.e., through an approach that conceives NOS as specific curricular content with its own
learning objectives, whose development in science class requires the design of activities aimed
at getting the students to think and discuss reflectively about NOS questions, and appropriate
evaluation strategies.

Previous standards (NRC, 1996, 2000) did distinguish between understanding scientific
inquiry (i.e., understanding of nature of scientific inquiry) and the capacities needed to do
scientific inquiries (Bybee 2006). A very different issue is that this differentiation of
learning objectives that was promoted in the old standards seems not to have been
adequately projected in the teaching proposals that were actually implemented in science
classes (Lederman 2019).

In order to deepen in the latter, it seems opportune to analyze that nature of the two
constructs may help, taking into account the prevailing educational traditions and the alterna-
tives that are being put forward. I shall address this issue in the following section.

4 Nature of the Inquiry and Scientific Practice Constructs

In the context of inquiry-based science education, the conceptualization of the characteristic
features of the work that scientists do (i.e., nature of scientific inquiry) was approached
through what were called understandings about scientific inquiry (Bybee 2006). The basic
ideas of these are given in Table 2. One observes that such understandings about nature of
scientific inquiry are biased towards epistemic aspects, i.e., they are practically limited to
cognitive or rational aspects of science. However, any conceptualization of scientific inquiry
which does not consider aspects of a sociological nature (or non-epistemic aspects), which
also intervene in (or arepart of) theusual scientific practices of personsdedicated to science, is
quite limited, as the history and sociologyof science show (Acevedo-Díaz et al. 2017;Allchin
2004; Collins 2015; Dagher and Erduran 2016; Knorr-Cetina 1981; Matthews 2012). Is the
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constant search for funds to do research, the struggle with the scientific establishment to put
forward new scientific ideas, cooperation, competitiveness, and professional ethics, to
mention just a few examples, not also part of scientists’ usual practice? In a review of the
book of the sociologist Knorr-Cetina (1981), “The Manufacture of Knowledge,” Pablo
Kreimer (2005) wrote:

(…) the first thing researchers have to do when defining an investigation line is to find a resource of
funding which allows them to buy equipment, to recruit assistants, etc. Usually, funding agencies do not
finance any type of investigation, but that they have priorities, methodologies, privileged orientations, etc.
Thus, researchers must negotiate with the agencies the provision of resources which are necessary for
their projects. Therefore, there is no reason to suppose that the nature of these relationships, which are
clearly “extra-scientific”, is something that is “out of” the manufacture of knowledge, but that on the
contrary this determines it strongly (p. 213; the translation is mine).

In the NGSS Lead States (2013), there is no specific proposal about understanding of scientific
practices. Therefore, it is necessary to search these within the categories related to understand-
ings about NOS, which are distributed proportionally among cross-cutting concepts and the
scientific practice dimensions. Such categories are (Appendix H, NGSS Lead States, 2013, p.
4) the following: (1) Scientific investigations use a variety of methods; (2) Scientific knowl-
edge is based on empirical evidence; (3) Scientific knowledge is open to revision in light of
new evidence; (4) Scientific models, laws, mechanisms, and theories explain natural phenom-
ena; (5) Science is a way of knowing; (6) Scientific knowledge assumes an order and
consistency in natural systems; (7) Science is a human endeavor; and (8) Science addresses
questions about the natural and material world.

Appendix H further develops these categories of understandings in a progressive manner
for three educational levels—primary, lower secondary, and upper secondary. It should be
noted that these include aspects of both nature of scientific knowledge8 and nature of scientific
practices. Here, I shall focus on those categories which, in my opinion, are related to the work
that scientists do and/or to factors that influence that work. The categories selected are listed in
Table 3, exemplified for the lower secondary case (middle school). I have highlighted in
boldface those characteristics of each of the categories which, frommy point of view, would be
most specifically related to the work of scientists.

On analyzing the conceptualization of the scientific practice construct that one infers from
the NGSS, i.e., the features that characterize scientists’ work (Table 3), it can be said that there

Table 2 Understandings about scientific inquiry (taken from Bybee 2006, p. 4)

Different kinds of questions suggest different kinds of scientific investigations
Current scientific knowledge and understanding guide scientific investigations
Mathematics is important in all aspects of scientific inquiry
Technology used to gather data enhances accuracy and allows scientists to analyze and quantify investigation

results
Scientific explanations emphasize evidence, have logically consistent arguments, and use scientific principles,

models, and theories
Science advances through legitimate skepticism
Scientific investigations sometimes result in new ideas and phenomena for study, generate new methods or

procedures for investigation, or develop new techniques to improve the collection of data

8 In the different documents concerning the reform of science education in the USA prior to the NGSS Lead
States (2013), nature of science was identified with nature of scientific knowledge (Lederman 2019).
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is still a clear lack of attention being paid to the sociological perspective of scientific practices.
I only found a few aspects worthy of note compared with what was included in the “under-
standings about scientific inquiry” of the previous standards (Table 2). Indeed, they constitute
just a fairly small proportion of the total features. One example is the explicit mention that both
men and women work in science, and that many people from different generations and
countries have contributed to elaborating the knowledge of science. These aspects, however,
were also mentioned in previous standards (NRC 1996), although within the “History and
Nature of Science Standards” section, itself part of the science content standards. Therefore,
neither do these really represent anything novel.

In the literature, it can be found some interesting theoretical positions about scientific
practices and science education, such as those of Gregory J. Kelly. He identifies scientific
practices with “epistemic practices” and conceives them as “the specific ways members of a
community propose, justify, evaluate, and legitimize knowledge claims within a disciplinary
framework” (Kelly 2008, p. 99). Thus, for Kelly and co-workers, social practices are consid-
ered patterned actions which are recognizable among members of the (scientific) community
(Kelly and Licona 2018, p. 6). Therefore, “practices are learned through participation and often
entail extended interactions with members already familiar with the ways that practices are
recognized as socially significant” (ibid., p. 6). From this perspective, in which science is seen
as a process of social construction, Kelly (2008) argues that research on inquiry-based science
teaching needs to examine learning situated in sociocultural practices (p. 104).

While the Kelly’s approach on scientific practices seems to me very coherent and sugges-
tive, I do not share some details thereof. Firstly, if Kelly assumes that the social dimension has
a relevant role in the development of science, why does he choose to call scientific practices
“epistemic practices?” In my opinion, this denomination does not adequately represent the
discourse behind Kelly’s position because “epistemic” is an adjective commonly associated to
rational or cognitive aspects in the construction of scientific knowledge.9 For example, in the
Irzik and Nola’s (2014) conceptualization of NOS, in which nature of scientific practices is
included, cognitive-epistemic factors are distinguished from social-institutional ones.10 The
former refers to processes of inquiry, aims and values (prediction, explanation, consistency,
simplicity, and fruitfulness), methods and methodological rules, and scientific knowledge;
while, the latter includes professional activities, scientific ethos, certification and dissemination
of scientific knowledge, and social values (ibid.). In a similar vein, Stroupe (2014, 2015)
considers four dimensions of disciplinary work in his approach for learning science as
practice,11 among which the epistemic dimension is explicitly differentiated from the social
one. The social dimension focused on “how actors agree on norms and routines for handling,
developing, critiquing, and using ideas” (Stroupe 2015, p. 1034), and the epistemic dimension
is defined as “the philosophical basis by which actors decide what they know and why they are
convinced they know it” (ibid.).

Secondly, that denomination leads me to interpret that Kelly ultimately conceives the social
(or non-epistemic) practices as subordinated to the epistemic practices. In other words, the
social practices would only be an “ingredient” in the configuration or development of

9 The adjective “epistemic” derives from the Greek term episteme whose meaning in its philosophical acceptance
is “knowledge that is methodologically and rationally constructed as against opinions which lack foundation”
(Spanish Royal Academy’s Dictionary, https://www.rae.es).
10 A similar perspective is also assumed by other authors in their approaches for NOS/nature of scientific
practices (e.g., García-Carmona and Acevedo-Díaz 2018; Erduran et al. 2019; Martins 2015).
11 The four dimensions are conceptual, social, epistemic, and material (Stroupe 2014, 2015).
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epistemic practices, which are the truly important thing.12 However, as Elliott and McKaughan
(2014) have shown, “non-epistemic values can legitimately influence the assessment of
scientific representations for practical purposes not only as secondary considerations in
situations of uncertainty but also as factors that can take priority over epistemic values” (p.
18). In effect, history of science shows that many times, the non-epistemic factors have played
a role at least as important as the epistemic ones in the legitimization or delegitimization of

12 I would not possibly interpret it in this way if Kelly always was talking about “scientific practices” in his
theoretical approach. I think that language is very important in any knowledge area, and the selection of a name is
always intentional—one is seeking a precise as possible designation of the idea one wants to represent.

Table 3 Understandings about the nature of science for middle school regarding those categories more focused
on what scientists do (elaborated from NGSS Lead States, 2013, Appendix H, pp. 5–6)

Categories Characteristic features*

Scientific investigations use a variety of
methods

Science investigations use a variety of methods and tools to
make measurements and observations

Science investigations are guided by a set of values to ensure
accuracy of measurements, observations, and objectivity of
findings

Science depends on evaluating proposed explanations
Scientific values function as criteria in distinguishing between

science and non-science
Scientific knowledge is open to revision in

light of new evidence
Scientific explanations are subject to revision and

improvement in light of new evidence
The certainty and durability of science findings vary
Science findings are frequently revised and/or reinterpreted

based on new evidence
Science models, laws, mechanisms, and

theories explain natural phenomena
Theories are explanations for observable phenomena
Science theories are based on a body of evidence developed over

time
Laws are regularities or mathematical descriptions of natural

phenomena
A hypothesis is used by scientists as an idea that may

contribute important new knowledge for the evaluation of
a scientific theory

The term “theory” as used in science is very different from the
common use outside of science

Science is a way of knowing Science is both a body of knowledge and the processes and
practices used to add to that body of knowledge

Science knowledge is cumulative and many people, from many
generations and nations, have contributed to science
knowledge

Science is a way of knowing used by many people, not just
scientists

Science is a human endeavor Men and women from different social, cultural, and ethnic
backgrounds work as scientists and engineers

Scientists and engineers rely on human qualities such as
persistence, precision, reasoning, logic, imagination, and
creativity

Scientists and engineers are guided by habits of mind such as
intellectual honesty, tolerance of ambiguity, skepticism, and
openness to new ideas

Advances in technology influence the progress of science, and
science has influenced advances in technology

*The underlining is mine
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scientific knowledge. For instance, the difficulties and low interest of Ignaz Semmelweis in
scientific communication or his bad personal relationships with his medical colleagues, in
addition to other causes epistemic in nature, affected notably that his scientific ideas about
childbed fever were not recognized by scientific community in his time (Aragón-Méndez et al.
2019). Likewise, Louis Pasteur’s rhetorical and semantic skills, together with other epistemic
details, were essential to impose his ideas on those of Justus von Liebig regarding the
fermentation, although Pasteur neither achieved to explain this phenomenon scientifically
(García-Carmona and Acevedo-Díaz 2017). It could also be pointed out the unethical or
illegal practices followed by scientists in the building of scientific knowledge. At this respect,
Swain (2019) recently wrote that “there are few corners of scientific progress that are not
tainted at some point in their history by immoral or unethical behaviour.” And, he then
referred, among other examples, to the following:

From 1955 to 1976, in what became known as “The Unfortunate Experiment”, hundreds of women with
pre-cancerous lesions were left untreated to see if they developed cervical cancer. Details of the study only
came to light following an expose by two women’s health advocates Sandra Coney and Phillida Bunkle.
The New Zealand study hoped to test theories about the value of early intervention (…) (ibid.).

Jiménez-Aleixandre and Crujeiras (2017) note that sometimes “epistemic practices” and
“scientific practices” are used as terms interchangeably in the literature. They however think
that, from a rigorous view, the two terms should be treated as different. But even so, they
consider that any overlapping exists between them particularly in the educational context.
Jiménez-Aleixandre and Crujeiras then add: “we suggest that we can think of epistemic practice
as a broader construct and of scientific practices as epistemic practices in the context of specific
learning contexts or content areas” (ibid., p. 70). However, they do not justify the epistemo-
logical or hierarchical relationship which they propose between scientific practices and episte-
mic practices. In my view, scientific practices comprise both epistemic tasks (e.g., to formulate
hypotheses, to developmodels, to perform scientific measurements, to select and apply analysis
methods, to interpret empirical data, and to handle mathematical tools), and non-epistemic tasks
(e.g., to collaborate and cooperate with scientific colleagues, to communicate research findings,
to know and assume ethical commitments in research, and to search for economic support to do
research) (García-Carmona and Acevedo-Díaz 2018). Therefore, from this perspective, “scien-
tific practices” would be a broader construct than “epistemic practices.”

Duschl (2008) is more explicit in considering both epistemic and social practices in an
integrated way in his approach for science education. Furthermore, he considers both types of
practices at the same level of educational significance.13 Particularly, Duschl (2008) suggests
that the incorporation and assessment of science learning in educational contexts should focus
on three integrated domains (p. 277): (a) the conceptual structures and cognitive processes
used when reasoning scientifically, (b) the epistemic frameworks used when developing and
evaluating scientific knowledge, and (c) the social processes and contexts that shape how
knowledge is communicated, represented, argued, and debated.14 I also think it is very
important to highlight, as Duschl does, that these three domains should be subject of

13 Duschl (2008) specifically talks about “a more balanced focus among things conceptual, epistemic, and social”
(p. 283).
14 For Kelly (2014), striving to meet these three objectives of science education demands a critical analysis and
discussions about nature of inquiry, which I fully share with him. I consider this is independent of my critique on
his terminology usage regarding “practices,” which I exposed above.
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assessment in science learning, because educators do not usually teach what does not have to
be assessed. However, as earlier noted, this approach in which epistemic and non-epistemic
practices are explicitly distinguished, but integrated, and taken on with equal importance for
science education is not clearly developed in NGSS Lead States (2013) nor in the majority of
the educational proposals aligned whit them.

5 Conclusion

After this particular analysis from both research literature and various curricular documents/
reports for science education, my conclusion is that learning science based on engaging in
scientific practices, as suggested in the influential NGSS Lead States (2013), differs substantially
little from the inquiry-based science learning approach. I have verified that practically all that is
proposed for practice-based science learning in such document, and in the research literature
related to this, were already included, in any way, in the more genuine approaches for inquiry-
based science education (e.g., Abell et al. 2006; Harlen 2012; Reiser et al. 2001; White and
Frederiksen 1998). In addition, the majority of scientific practices for science education, which
are proposed in NGSS, are identified as science inquiry skills (or similar terms) in the current
science curricula of countries such as Australia (ACARA 2015), Canada (Ministry of Education
2008), Israel (Mullis et al. 2016), and UK (Department for Education 2013), among others.

Likewise, from the perspective of which elements of scientific practices are conceived of as
being representative or characteristic of the activity of scientists, I find no significant change in
NGSS Lead States (2013) with relation to the construct of nature of scientific inquiry that had
been promoted before (Bybee 2006). Both constructs are characterized in the corresponding
standards by epistemic features almost exclusively. By this, I do not mean that it seems to me
inadequate, but rather incomplete. According to Collins (2015), the neglect of the sociological
perspective of scientific practice implies teaching a “diluted” version of science. From this
same view, Mody (2015) describes scientific practice as being messy, contradictory, and more
reasonable than rational (p. 1026), and thus, he suggests that practice-based science education
should emphasize that “other” forms of knowledge also form an essential part of science (p.
1030). I fully agree with these authors’ view and I therefore consider that it would have been
more significant to promote a wider conception of scientific practices that integrates both their
epistemic and their sociological (or non-epistemic) dimensions in an explicit, balanced, and
harmonized manner (García-Carmona and Acevedo-Díaz 2018). That would basically be
favoring a form of science education more in line with real scientific practice. However, I
believe that, with the presentation of influential documents such as K–12 Framework and
NGSS, an opportunity has been missed to propose a didactic framework for scientific practices
of broader scope and perspective, with a view to overcome the limitations detected in usual
implementations of the inquiry-based approach in science classes.

In summary, I do not consider that going from a framework based on inquiry to one based on
scientific practices can be reduced to a simple change of terminology. However, according to
everything that was analyzed here, I find there to be sufficient reasons for science educators, to
whom these proposals are addressed, to question that the newly proposed approach is really different
or innovative, as mentioned above (see, for example, Furtak and Penuel 2019). Indeed, even some
renowned authors have come to describe scientific practices simply as “the new term” for inquiry
(see, for instance, Lederman and Lederman 2014, p. 236). In a similar vein, Harlen (2015) considers
scientific practices as an equivalent term to science inquiry capabilities/skills (pp. 11, 12, 46).
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Likewise, the recent report of the European Schoolnet network (Durando et al. 2019) on teacher
training in the inquiry-based approach to science learning refers to scientific practices as only being
an “alternative term to ‘inquiry’. It makes explicit that ‘doing science’ is a process with many
components” (p. 8). Even so, I think the practice-based approach could be the enhanced version of
that based on inquiry, and therefore to represent a completer and holistic image of science, if—as it
has been said—non-epistemic practices are also tackled. In the following and final section, I will do
some suggestion at this respect.

Finally, I would like to point out that I have intended to do a rigorous, yet not systematic,
review of relevant literature related to the question addressed. The analysis presented is critical
and reflective in nature that emerges from my concern as a science teacher educator in the
presence of a new approach to teach science, which, in my opinion, is not sufficiently justified
or not adequately articulated. I have therefore sought arguments that can support my skeptical
perception. In this sense, I am aware that this analysis is only one among other possible, and it
therefore presents the characteristic limitations of this type of analyses. Consequently, my main
purpose has been to contribute with a particular, critical, and constructive viewpoint regarding
the change from inquiry to scientific practices in science education, which is being currently
promoted from one part of the science education community.

6 Implications for science teaching based on scientific practices

The critical-reflective analysis presented here will only make sense if it is followed by being
echoed in the school science curricula and, consequently, in science classes where it has to be
developed. Thus, the next step should be to determine which aspects of scientific practices
would be the most appropriate or viable for each educational level, and, in particular, how to
transpose them didactically to be suitable for real science classes. I think that there are good
examples in the recent literature for the implementation of these approaches in class, even
though these examples predominantly take an epistemic perspective on scientific practices
(e.g., Berland et al. 2016; Zangori and Forbes 2014). Therefore, there is a need to promote
educational proposals that, while integrated with the practices of an epistemic profile, also
have a focus on practices of a non-epistemic (or social) nature, adapted appropriately to the
school context.

For instance, it would be interesting to promote and normalize among students the
establishment of ethical codes that commit them to rigor and honesty in the collection of
empirical data, as well as to adopt appropriate standards and behavior in inquiries involving
living beings (plants, snails, silkworms, etc.) and other elements of natural spaces (interacting
with them without altering them). In validating the conclusions of their inquiries, the students
could also combine their evaluation with “anonymous” peers (double blind) and with “known”
peers, in order to contrast and reflect upon the two processes. The aim of this would be
students are aware that it is useful in order to avoid possible prejudices and/or conflicts of
interest in the evaluation of their results, as well as to enrich that evaluation with the argued
critique of more than one evaluator, etc. Also, in analogy with scientists’ search for funds to
support their research, it would be good to encourage students to think about how to conduct
scientific inquiries at the lowest possible cost, thus favoring the development of capacities for
planning, organizing, and managing resources in the school laboratory, and encouraging their
awareness of the recycling and reusing of materials. These and other examples of learning
standards associated with non-epistemic scientific practices are shown in Table 4. This
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proposal should be seen as one possible among others, in addition to expandable. Likewise,
these learning standards would have to be adequately adjusted depending of each educational
context and content of science curriculum, and progressively developed along the different
school levels.

Finally, in order to illustrate how epistemic and non-epistemic practices could be
integrated in a same learning context, an inquiry activity is presented as an example
in Fig. 1. This activity was originally designed for addressing only epistemic tasks in
the study of a thermal phenomenon (García-Carmona 2020), which connects with
learning standards established in the “Scientific activity” and “Energy” content blocks

Table 4 A possible proposal of learning standards associated to non-epistemic scientific practices

Non-epistemic scientific practices Learning standards

Social perspective of scientific communication Students collectively determine format and content standards
of scientific inquiry reports

Students collectively establish standards to communicate and
debate in whole class sessions the different inquiry
findings

Students organize themselves to boost and moderate
discussions on the different inquiry findings in whole class
sessions, and to record global conclusions

Professional and personal relationships among
scientists/gender in scientific investigation

Students organize the tasks and assign roles to the different
members of a work team during scientific inquiries

Students are organized into work teams so that these include
boys and girls in balanced proportions, and the different
roles of the members of a work team are assigned
regardless of gender

Role of scientific community in the acceptance of
scientific theories (intersubjectivity)

Within a work team, students establish criteria to decide how
to discuss and elaborate scientific explanations and/or
arguments, which are representative of the work team

Students collectively establish criteria (e.g., rubrics) and
processes (e.g., “anonymous” peers and “known” peers) to
evaluate the inquiry findings presented by work teams

Scientists’ rhetorical skills and semantic
strategies to persuade through own ideas

Students make a maximum effort to write well their inquiry
reports and communicate them well orally in order to
convince others through own ideas or conclusions

Scientific collaboration and cooperation Students elaborate standards of cooperation and collaboration
among work teams when participating in scientific
inquiries (e.g., exchange of ideas or inquiry strategies and
offering of help to those with greater difficulties to
advance)

Moral and ethical issues in scientific
investigation

Students value and discuss critically the scientific and/or
social interest of inquiry questions from ethical, moral,
political, economic, etc. criteria

Students plan scientific inquiries that are
environment-friendly

Students collectively establish appropriate behavior standards
in scientific inquiries involving living beings and other
elements of natural spaces

Students elaborate ethical standards to follow in collection
and analysis of data (honesty in the collection of empirical
data, rigor criteria in analyzing them, etc.)

Seeking funds for scientific investigation Students plan scientific inquiries bearing in mind the
available budget (preferably of low cost), including the
possibility of recycling or reutilizing materials
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corresponding to the Spanish secondary science curriculum (Education Ministry 2015).
However, the activity is now expanded by also including some non-epistemic tasks
that could be tackled along with the epistemic ones.
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