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How to assess and categorize teachers’ views ofesue?
Two methodological issues

Manuel Bachtold, David Cross & Valérie Munier
LIRDEF, University of Montpellier & UPVM, France

Abstract

This paper addresses two methodological issuesedelm the assessment of teachers’ views of
science. The first concerns the distinction betwten“nature of science” (NOS) and the nature of
“scientific inquiry” (SI): should the points relateto NOS and those related to S| be analyzed
independently? The second concerns the categorizafi teachers’ views: is it relevant to analyze
them according to a grid of predefined epistemalalgconceptions? Alternatively, does an empirical
approach allow the emergence of epistemologicdllesovith an overall consistency? To investigate
these issues, an empirical study has been perfobaseld on a questionnaire on teachers’ views of
science (called the “"VOS questionnaire”) which Heeen submitted to 160 in-service primary
teachers. With respect to the first issue, theyaimlof the outcomes brings to light implicative
relations between teachers’ views on NOS-type itentstheir views on Sl-type items. This calls into
question the alleged necessity of separating NQ& Sinwhen assessing teachers’ epistemology.
Concerning the second issue, a multiple correspured@analysis leads us to identify clusters of
teachers with various levels of expertise concegrmiifferent epistemological points and without an
overall consistency from the point of view of plsibpphy of science. This suggests that teachers’
consistency has to be found not in their view ofemsce taken in isolation but considered in
combination with other kinds of knowledge (e.g.d@gogical content knowledge) and their practices
of science teaching.

Keywords: nature of science, scientific inquiry, philosopfyscience, teacher knowledge

1. Introduction: two methodological issues

Students’ understanding of the “nature of scier{b#DS) has been advocated as an “essential
part of any science education” (National ResearatnCil, 2012, p. 78): it is assumed to raise
students’ interest in science, to facilitate leagnof science content, and to favor informed
decision-making on socioscientific issues (Hodsd2Q14). To improve students’
understanding of NOS, “explicit” epistemologicakdissions guided by the teachers about
various aspects of science seem to constitute &t efficient approach (Akerson & Volrich,
2006). In this regard, a necessary condition fachers to be able to implement such an
approach is that they hold themselves an informew wf science (Lederman, 2007). This is
the first reason why research related to NOS iere@ education has been concerned with the
assessment of teachers’ views of science. Ano#amon is that teachers’ view of science is
part of a whole set of beliefs and knowledge whnaght affect their teaching practices, or be
affected by them (Guerra-Ramos, 2012; Waters-Ad&066). A better understanding of
these complex relationships may be of interestuitding more efficient training programs
for teachers (Anderson, 2015).

The very question of how to assess teachers’ vigwscience has been investigated for
several decades. In particular, there has beemsxee discussion on the epistemological
points that should be assessed (Allchin, 2011; Blod2014; Kelly, 2014; Lederman et al.,
2002; Matthews, 2012; McComas, 1998). Some autflaaderman et al., 2002; McComas,
1998) have put forward a set of consensual epidtaal points which deserve to be
studied in the frame of science teaching: for eXamfhe empirical nature of scientific
knowledge, its tentativeness, the fact it is thdaden, or its social and -cultural
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embeddedness. Others have argued against such @ kpistemological points: it may
suggest a static picture of science (Allchin, 2da&¢son, 2014; Matthews, 2012), and it does
not acknowledge the differences between sciencesddbh, 2014; Kelly, 2014).
Alternatively, some authors have stressed the itapoe of considering teachers’
perspectives to determine more accurately whichciBpeepistemological points are
appropriate to be introduced at each educatioagkesfLeden et al., 2017; Leden & Hansson,
2019). There has been also discussion on the mefloodjathering data: on the advantages
and inconveniencies of questionnaires, interviems e@assroom observations, and of closed
and open-ended questions (for a review of thesetpaee Lederman, 2007).

However, there has been minimal discussion to diatdhe methods for analyzing the data
gathered when asking teachers questions concetimingature of science. In this paper, we
would like to draw attention to two important medletogical issues in this regard. The first
one concerns the distinction between the “naturesaénce” (NOS) and the nature of
“scientific inquiry” (SI). This distinction has beeput forward by Lederman and their
colleagues (Lederman, 2007; Lederman et al., 28024). They explain what they mean
with these expressions as follows: “Nature of soge(NOS) embodies what makes science
different from other disciplines such as historyerigion. NOS refers to the characteristics of
scientific knowledge that are necessarily derivesimf how knowledge is developed [...].
Scientific inquiry (SI) is the process of how sdists do their work and how the resulting
scientific knowledge is generated and accepted’déuman et al., 2014, p. 66). While
acknowledging there is interdependency between N@& Sl, they consider these two
aspects of science should be clearly distinguisti€de conflation of NOS and scientific
inquiry has plagued research on NOS from the baégyinLederman, 2007, p. 835). Note
that this distinction between NOS and Sl is based cestricted definition of NOS, according
to which this expression refers merely to the cottarsstics of stabilized scientific knowledge.
Other authors understand the expression “natusziehce” with a broader meaning which
encompasses also reference to the methods andspesceof constructing scientific
knowledge (Clough, 2011; Hodson, 2014)). Let usehexamine NOS in its restricted
definition and assume this construct to be con@lytdlistinct from SI. This distinction has
recently been supported by an empirical study edrout by Neumann, Neumann and Nehm
(2011) with a sample of undergraduate science majar statistical analysis of the
participants’ views on various points concerninthei NOS or Sl tends to show that these
two constructs are two separate dimensions. A ndelbgical question comes up: should the
points related to NOS and those related to Sl ladyaed independently? As a matter of fact,
the Ledermans’ and their colleagues have develtpedlistinct questionnaires: the “WNOS”
questionnaire intended to assess teachers’ an@érgfidviews on NOS (Lederman et al.,
2002) and the “VASI” questionnaire designed to ssdbeir views on Sl (Lederman et al.,
2014). Should teachers’ answers to each of thesstignnaires be clearly distinguished or is
it worthwhile to combine both analyses?

The second methodological issue concerns the a@agon of teachers’ views of science.
A possible approach, which may be called “normatigensists in analyzing teachers’ view
according to a grid of predefined epistemologicaheeptions, namely those supported or
challenged by philosophers of science, such as remgpn, inductivism, instrumentalism,
relativism, or realism. Such an approach, althouginginal, has been applied for instance by
Kang et al. (2005) or Park and Lee (2009). Thisreg@gh raises questions. We may wonder
what it means for a teacher to have, for instaananstrumentalist view of science: is she/he
aware of it? Does she/he have a stable and cohestnimentalist view, that is, which holds
for every model and theory, whatever the domaineuntbnsideration? Some empirical
studies are challenging this idea (Guerra-Ramod4,2R0As emphasized by Nott and
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Wellington (1996), teachers are not “professionddilosophers of science; they do not aim at
studying scientific activities and build a globaldacoherent conception of science. As a
consequence, it seems disputable to interpret ¢éesichiews of science in terms of the well-
defined epistemological conceptions endorsed bypthwsophers of science. Alternatively,
several researchers like Lederman and their caleng2002, 2014) have proposed to
characterize teachers’ views of science by diststung a set of epistemological points and
assessing their levels of expertise on each oétpests taken in isolation. Such an approach,
as a matter of fact, is not subject to the formgection. No global a priori categorization is
applied to teachers’ views of science. This apgroacpartly empirical: it allows for the
emergence of new epistemological profiles on th&sbaf teachers’ views on a whole set of
points. Considering the fact teachers are not psid@al philosophers of science, a new
question then arises: do teachers’ epistemologiciiles, identified with such an empirical
approach, correspond to epistemological conceptigtiisan overall consistency?

In this paper, we present an empirical study desigio investigate both methodological
issues. Our research questions can be recalladlaws:

(1) To what extent does the combined analysis of teathiews on NOS and Sl enable a

deeper understanding of their view of science?

(2) To what extent do teachers’ epistemological prsfile@entified by means of an
empirical approach, correspond to epistemologicahceptions with an overall
consistency?

To study these two questions, we built a questimanacluding questions on NOS and Sl
and submitted it to 160 in-service primary teachérsthe following sections, we will first
present the epistemological points we chose tosadsg means of our questionnaire, before
describing the methods for building the questiordor coding teachers’ answers, and for
validating the questionnaire. We will then prest@ outcomes gathered with our sample of
in-service primary teachers and discuss their icagibns with respect to both research
questions.

2. Selecting a set of epistemological points to besessed
The VNOS and the VASI questionnaires are two meguninand valid tools allowing
assessing teachers’ views respectively on NOS &nd $articular, the VNOS questionnaire
has been used in the frame of numerous studidgreitlative to NOS instruction in the
classrooms or relative to teachers’ training on N@&cordingly, these two questionnaires
seem to be suited tools to investigate the firseaech question, that is, to assess teachers’
views on NOS and their views on Sl before lookioggossible relations.

However, when taking a closer look at the epistegiokl points assessed by VNOS and
VASI (Tables 1 and 2), some of these points apjzebe very similar.

NOS1: The empirical nature of scientific knowledge

NOS2: Observation, inference and theoretical estith science
NOS3: Scientific theories and laws

NOS4: The creative and imaginative nature of sifietknowledge
NOS5: The theory-laden nature of scientific knowled

NOS6: The social and cultural embeddedness of tHidcgknowledge
NOS7: Myth of the scientific method

NOS8: The tentative nature of scientific knowledge

Table 1. The epistemological points assessed by ¥@derman et al., 2002)



SI1: Scientific investigations all begin with a gtien but do not necessarily test a hypothesis
SI2: There is no single set and sequence of stdijpsved in all scientific investigations

SI3: Inquiry procedures are guided by the quesisked

Sl4: All scientists performing the same procedumnay not obtain the same results

SI5: Inquiry procedures can influence the results

S16: Research conclusions must be consistent héldata collected

SI7: Scientific data is not the same as sciengificlence

SI8: Explanations are developed from a combinatioeollected data and what is already known

Table 2. The epistemological points assessed byl\li&&lerman et al., 2014)

Consider first SI6, which states that “researchcagions must be consistent with the data
collected.” This amounts to saying that the cortdton of scientific knowledge needs to take
account of the observations or experiments thae leen performed on the subject under
study. In this respect, SI6 can be viewed as aifsgpetatement of NOS1, namely “the
empirical nature of scientific knowledge.” Note tHaederman and colleagues make very
similar statements when explaining the content &fS4 and SI6: concerning NOS1, they
write that “science is at least partially basedofaservation of the natural world” (2002, p.
499); concerning Sl6, they explain that “scientkimowledge is empirically based” (2014, p.
70).

Let us look now at Sl4, which states that “all atigts performing the same procedures
may not get the same results.” A possible explanatf this point is that scientists may
interpret the data in the frame of different théice¢ frameworks, as Lederman and
colleagues emphasize: “Students need to undersiadcientific data do not stand alone,
can be interpreted in various ways, and ‘that sEnmay legitimately come to different
interpretations of the same data” (2014, p. 69MisTpoint can be viewed as a direct
consequence of NOS5, that is, “the theory-ladeareaif scientific knowledge.”

The similarity between both questionnaires can béséound in the case of NOS7 and SI2.
NOS7, the “myth of the scientific method,” is debed by Lederman and colleagues as “the
belief that there is a recipe-like stepwise procedhat all scientists follow when they do
science” (2002, p. 501). This is precisely whadigputed by SI2, which states, “There is no
single set and sequence of steps followed in ahsfic investigations.”

The design of VNOS and VASI as two distinct questimires was motivated by the
alleged necessity of making a clear distinctionMeein NOS and Sl. Paradoxically, these
guestionnaires do not manage to isolate two ind#grgnsets of epistemological points. To
some extent, the sets of points which are invegijhy means of the two questionnaires are
overlapping. This shows how difficult it is to makesharp distinction between the points
related to NOS and those related to SI.

Besides this overlap problem, the choice of thetepiological points made for the VNOS
questionnaire has been challenged by several autfltchin, 2011; Hodson, 2014;
Matthews, 2012): some of these points are dispaitibim the point of view of philosophy of
science, other appear to be too subtle and nohisise the context of NOS education, while
several important epistemological points are mgshs a consequence, although we decided
to take the VNOS and VASI questionnaires as aistapoint of our study, we examined and
revised the two sets of epistemological points @ased to them (see Tables 1 and 2). we
avoided the overlap problem by putting aside redangoints (NOS1 being redundant to
some extent with SI6, as well as NOS5 with Si4, Bl@IS7 with SI2); we discarded those
which are disputable from the point of view of pisibphy of science (NOS3 and NOS4) or
which are not essential in the NOS education car{teté and S17); and added several points
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considered by philosophers of science as depie#sgntial aspects of science among which
three are consensual (i.e., scientists develop mmadtat are distinct from the empirical
reality; errors may play a constructive role in tlevelopment of science; interactions
between scientists actively contributet to the tmmsion and validation of scientific
knowledge) and two controversial (i.e., realisersusinstrumentalism with respect to the
role of models; relativism or rejection of relaim concerning the influence of the socio-
economic and cultural context on the constructibsaentific knowledge). Eventually, we
selected eleven points (see Table 3; for detailshenselection process of these points, see
Online resource 1).

Each point is described as referring either to ND® S| based on the following criteria:
the point under consideration refers to NOS ifah@erns the status of knowledge which is
already produced and stabilized; the point referSiltif it concerns the process of developing
new knowledge, which therefore is not completelyduced and stabilized yet.

VOS 1 | Scientific knowledge is based on empiricglpsart NOS
VOS 2 | There is no single scientific method Sl
VOS 3 | Scientific investigations are motivated anilgd by questions and problems Sl
VOS 4 | Scientific knowledge is always tentative NOS
VOS5 | Science interacts with the socio-economicartiral context SI
VOS 6 | The empirical data on which scientific knogde is based are always theory-laden NOS
VOS 7 | The models built by the scientists are distirom the empirical reality NOS
VOS 8 | Errors may play a constructive role in thead@oment of science Sl
VOS 9 Intgrac_tions bere(_e_n scientists actively contriliatéhe construction and S|
validation of scientific knowledge
VOS 10 | Realisnversusinstrumentalism with respect to the role of models NOS
VOS 11 Relativisfm or rejection of relativism concerningz_tinfl_uen_c_e of the socio- S|
economic and cultural context on the constructibsc@éntific knowledge
Table 3. The epistemological points selected ferM®S questionnaire
3. Methods

Since we chose a new set of epistemological poivesalso had to build a new questionnaire,
which we labelled the “VOS questionnaire” (VOS fuliew Of Science”). Let us present the
method for building and validating it.

3.1 Choosing the kinds of questions

This questionnaire was developed in the frame efrdsearch project FORMSCIENCES.
Some of the choices made during the constructiothisf questionnaire resulted from two
constraints of the project: the number of teachevslved in the project (over 150) and
limited time for answering the questions (betwe@nafd 30 min). Accordingly, we had to
develop a questionnaire to identify the views aésce of a large number of teachers in a
very short time. We chose to combine open-ended @daded questions. Open-ended
questions allow teachers to answer freely on coaarases; they are assumed to provide a
more in-depth understanding of their individualwseof science on some points. Closed
questions ensure a better rate of answers anaster to answer and easier to analyze. Note
that many studies have brought to light severalmmeat answers concerning teachers’ views
of science so that the state-of-the-art is suffityedeveloped to legitimate closed questions
on some points. Besides, we included both genarhlcantext-specific questions (atomism,
astronomy). Each question of the VOS questionnaio®ides information for either one or
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two epistemological points. Conversely, the epistieigical points are examined by means of
one, two or three questions.

The VOS questionnaire includes 9 questions, sontd wilb-questions. The relations
between the questions and the VOS items are desdnbrlable 4.

Question Type of question Assessed epistemologipaints
Q1 closed-ended VOS6
Q2 open-ended VOS1, VOS4 and VOS7
Q3 closed-ended VOS2 and VOS 3
Q4 closed-ended VOS2

1% part: closed-ended

Q5 2" part: open-ended VOs8

1% part: closed-ended
Q6 2" part: open-ended VOs9
Q7 closed-ended VOS5 and VOS11
Q8a closed-ended VOS5 and VOS11
Q8b closed-ended VOS5
Q9a closed-ended V0S4, VOS7 and VOS10
Q9% closed-ended VOS1 and VOS9

Table 4. The VOS items assessed by the questiahe &fOS questionnaire

We present two examples below (the complete questice can be found in Online
resource 2). The first example is a context-specfpen-ended question dealing with
atomism. This question (combined with other quesijas intended to assess teachers’ views
on two points: reference to empirical support dredrble of models.

Q2. Some philosophers in Ancient Greece proposetksoribe matter as consisting of atoms. This ¢egan
was later abandoned for several centuries. A detgmmiin terms of atoms was eventually endorseddigntists
at the beginning of the Z&entury.

What are the possible reasons, according to yoexpéain why this description was accepted at #girining of
the 20" century? Note that no scientific and/or historicabwledge is required to answer this question.

The second example is a context-dependent closedtiqgn that intends (with other
questions) to assess teachers’ views on severaltspaieference to empirical support,
tentativeness of scientific knowledge, and the ablmodels.

Q9. (A) In ancient times, Greeks thought that the 8urned around the Earth (geocentric descriptigvé

believe today that it is the Earth that turns atbthre Sun (heliocentric description).

With which one of the following claims do you agtée most (only one possible choice):

o The geocentric and heliocentric descriptions améh bmodels that aim to describe the world, but the
heliocentric model is closer to reality.

o The geocentric and heliocentric descriptions axh Imodels that enable the explanation and prediaf
observable phenomena, but the heliocentric modables the explanation and prediction of more
observable phenomena.

o The geocentric description is only a model, wherde heliocentric description is in line withliga

o None. In this case, explain why:




3.2 Method for coding the answers
For each epistemological point, the participantsveers are examined in light of several
possible views, either in line with expert views gifilosophers of science or in line with
novice views indicated in previous empirical stedi@bd-El-Khalick, 2001; Cobern &
Loving, 2002; Lederman, 2007; Windschitl, 2004).r Fthe consensual points, the
participant’s view is then coded as “novice,” “ratmovice,” “rather expert,” “expert,” or
“depending on the context.” For the two controvarppints, a specific coding is proposed.
We describe the coding method for one epistemadgioint, namely for VOS1: “the
construction of scientific knowledge is based ompeital support” (for the other points, see
Online resource 3). The respondent’s view on thiatgs inferred from her/his answers to Q2
and Q9B. In the case of Q2 (which is related tamédm), we distinguish three possible
answers: (a) answer with no reference to experigby@answer associated with naive realism
(i.e., with reference to experience but without itthea that the atomist description is a model
and with the idea that experience can verify oeaepith certainty the atomist description);
(c) answer associated with balanced empiricism, (ivéh reference to experience and with
the idea that the atomist description is a modedl/a fulfills an explicative or predictive
functions, and/or is a tentative description of terdt In the case of Q9B (which is related to
the geo- and heliocentric representations), wengjgish three possible answers: (a) answer
associated with naive empiricism (at least ansv#2gy (b) answer associated with balanced
empiricism (answer #1 or answers #1 and #3); (sjvan not interpretable in terms of naive
or balanced empiricism (answer #3). The view of tbgpondent concerning VOS1 is then
coded as follows: “novice” if {Q2: a or b} and {Q9R}, “rather novice” if ({Q2: a or b} and
{Q9B: c or NA}) or ({Q2: NA} and {Q9B: a}), “ratherexpert” if {Q2: c} and {Q9B: c or
NA}, “expert” if {Q2: c} and {Q9B: b}, “depending a the context” if ({Q2: a or b} and
{Q9B: b}) or ({Q2: c} and {Q9B: a}).

3.3 Validity of the questionnaire

To ensure that teachers did not assign a differexgning to the words of the questions, the
latter was first discussed with 3 in-service teastuiring interviews with an average duration
of 1 h. We modified some terms that were ambiguand could be misinterpreted by
teachers. A new version of the VOS questionnaire submitted to 24 pre-service primary
teachers during a course session that aimed todunte some key ideas of philosophy of
science. A collective discussion was conductechtuee good understanding of the questions
and to propose some supplementary modificatiorigrofulations.

We then submitted this questionnaire to 10 experthe field of philosophy of science
and science education. For the consensual epistginal points, at least 8/10 of these
respondents were identified as being “expert” attfer expert.This resultconfirms that the
assessed points are indeed consensual among expeitsprovide validation of the
guestionnaire.

3.4 Participants

We administered the VOS questionnaire to a sampl&60 in-service primary teachers,
mostly female (~ 70%), coming from 4 different @ of France, and teaching in grades 3,
4, or 5. Their average declared time for teachimgenge in their classrooms was
approximately 1.3 h per week. They had been tegcimmprimary school for 16 years on
average (with an average age of 47 years old). épmrately 40% of them had a degree in
science.



3.5 Reliability of the coding process

To ensure reliability of the coding process for dpen-ended questions, every answer from
the 160 teachers was analyzed either by two oethesearchers simultaneously. For each
answer, the researchers first performed their owalysis before checking whether they

agreed on the coding. In case of disagreementg @resvers were discussed collectively until
agreement and confidence on the coding were readheckover, we presented the coding

method to a researcher external to the project) expertise in philosophy of science. He

coded the answers of 20 teachers randomly chosem@mur sample. A high degree of

interrater agreement (86%) was obtained.

4. Outcomes

We first provide the distribution of teachers’ viewor each epistemological point. We then
present the outcomes of a statistical analysisdad first to determine if teachers’ views on
NOS-type items and their views on Sl-type items iagependent or not, and second to
investigate the overall consistency of teacherstemology.

4.1 Distribution for each epistemological point
The distribution of teachers’ views for each VO&ntis given in Table 5.

VOS1 | VOS2 | VOS3| V0S4, VOSSH VOS6 VOSf V0S8 VO$9

Novice 25 10 9 14 0 42 51 5 1
Rather Novice 55 32 na 32 0 na na 41 36
Rather Expert 5 38 na 20 47 na 39 1 18
Expert 0 20 91 2 53 58 1 50 2
gggé?\)éitent 8 na na 11 na na 5 na 25

No answer 1 1 0 21 0 0 5 3 19
ﬁ]rt]::’l\pl)?;tr;(l))tle 6 na na na na na na 0 0

(“na” stands for “not applicable™)

VOS10 VOS11
Naive Realist 51 Strong relativist 8
Balanced Realist 15 Rather strong relativist 49
Instrumentalist 28 Rather moderate relativist 14
No answer 6 Moderate relativist 20
Rejection of relativism 0
No answer 8

Table 5. Distribution of teachers’ views for eacB¥ item in terms of percentages

Concerning most consensual epistemological pomespbserve that teachers’ views are
distributed in a relatively balanced way betweeric® and expert views. Concerning one
point, VOS1, most teachers are (rather) novice.ti@n contrary, concerning two points,
VOS3 and VOS5, most teachers are (rather) experts.

We note also that a significant proportion of teashprovide answers depending on the
context under consideration: the views of somehemcon VOS1, VOS4, VOS7, and VOS9
differ if the context is related to the atomist cdgstion or to the geo- and heliocentric
descriptions.

Considering the two controversial epistemologiaaihts, we observe that half of teachers
are naive realists with respect to the role of Mo@¢0S10), while the others are either
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balanced realist or instrumentalist on this pdinappears also that more than half of teachers
are (rather) strong relativist with regard to thuence of the socio-economic and cultural
context on the construction of scientific knowledy©S11).

4.2 Statistical analysis

To further analyze the teachers’ answers to the J@&stionnaire, we performed a statistical
analysis of the data. To avoid circularity in theeammes of this analysis, we combined items
VOS 4, 7, and 10, which are associated with theesagaries of questions, into a unique
indicator called VOS “Model.” These items were sutied to a multiple correspondence

analysis with hierarchical clustering on princigaimponents (Greenacre & Blasius, 2006).
The results show that teachers’ answers can benhg=g into four clusters, labelled Models

1, 2, 3, and 4, which correspond to four levelsxgertise: from less expert (Model 1) to most
expert (Model 4).

We then performed an implicative statistical anialy§ras et al., 1998), which allows
answering the following question: given two binargriablesa and b within a given
populationE, what is the measure according to whichdifs true” then b is also true™?
(Figure 1).

VOS9 Model VOS2 VOS9
{depending on the context {model 3} {expert} {rather expert}

VOS11
{rather strong relativism

99/ 8 99 85 90 95

VOS1 VOS3 VOS5 VOS8 VOS3 VOS1 VOS11 VOS6
{rather novice}| R4 L1gH {rather expert} | {expert} 3N  |{novice} | REUEUENGEENENN ({expert}

VOS9 VOS2
{rather novice} i {rather expert}

VOS8 VOS5
{rather novice} | {expert}

Figure 1. Implicative graph displaying relationdvaeen teachers’ views on the VOS-items.
The numbers corresponds to a measure of implication
White bubbles are NOS-type items, and black bularkeSI-type items.

This statistical analysis brings to light severhtions between NOS-type items and Sl-
type items. For instance, we can observe implioatioetween Model (NOS-type item), on
the one side, and VOS3 or VOS5 (both Si-type itemsthe other side. Likewise, there is an
implication between VOS6 (NOS-type item) and VOS8I-type item). More precisely,
teachers who believe that the socio-economic aftdralicontext has a strong influence on
the construction of scientific knowledge are likéty acknowledge the theory-ladenness of
empirical data. Such an implication, which is meagful from the point of view of
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philosophy of science, could not have been idetiff NOS and S| were not assessed and
analyzed jointly.

It is also noteworthy that VOS6 and VOS11, whiclpegr here to be linked statistically,
are consensual and controversial epistemologicaitgoarespectively. This result shows the
potential insight that questions on controversiapexts of science might provide to
understand teachers’ views of science.

Besides, we observe implications between someeoftéms which display a consistency
in terms of the level of expertise. For instaneachers who amather expertconcerning the
nature and role of models are very likely to fa¢her expertconcerning the interactions
between science and the socio-economic and culbanatext; or teachers who anevice
concerning the nature of questions and problemwemglikely to benoviceconcerning the
nature and role of models. However, the results slow that some teachers can answer as
experts concerning one item but as novices conogranother item. For example, teachers
who are rather expert on VOS 9 are very likely ¢onbovice on VOS 1, and teachers who are
rather novice on VOS 9 are very likely to be expertVOS 5. This last example may appear
incoherent to some extent from the point of viewpbilosophy of science. Indeed, both
VOS5 and VOS9 refer to a social dimension of theetigment of science, even though these
social dimensions do not lie at the same level (¥Qfeing at the level of the global
interaction between science and society, whereaS ¥(being at the level of the social
interactions between scientists). This part of igults argues against a consistency within
teachers’ views of science from a strictly epistigizal point of view.

5. Discussion

Let us consider our first research question 1: tmatwextent the combined analysis of
teachers’ views on NOS and Sl enables a deeperstadding of their view of science? A
preliminary remark concerns the questionnairesgthesi to asses these points: it appears that
the sets of epistemological points assessed by@S and VASI questionnaires (designed
by Lederman and colleagues) are overlapping to sttent; in other words, it is difficult in
practice to draw a sharp distinction between thatpaelated to NOS and those related to Sl.
Beyond this conceptual difficulty, the statistieadalysis of our data gathered with in-service
primary teachers reveal the existence of sevefatioas between their views on NOS and
their views on Sl. For instance, teachers who ctamnsthat the construction of scientific
knowledge is strongly influenced by the socio-ecnimoand cultural context (Sl-type item)
also tend to view the empirical data as theory+#a@OS-type item). This calls into question
the alleged necessity of separating NOS and S| wdssessing teachers’ epistemology.
Furthermore, some of the relations identified emgily appear meaningful from the point of
view of philosophy of science. This can be expldibg the close relation, emphasized by
Hodson (2014), between the nature of scientifickedge and the methods for constructing
this knowledge. As a consequence, our results ghatvassessing and analyzing teachers’
views jointly on NOS-type and Sl-type items maydaa deeper understanding of teachers’
views of science.

The outcomes of this empirical study also shedtligh the second research question:
teachers’ views of science, taken globally, carre@tocated on a scale of expertise nor can
they be associated with well-defined profiles vathinner consistency from the point of view
of philosophy of science. As Guerra-Ramos (2012648) puts it: “generally speaking,
[teachers] hold eclectic or mixed views which dad norror consistently a single particular
view or a particular philosophical position.”

For all that, teachers are not incoherent indivisiuRecall that they are not “professional”
philosophers of science (Nott and Wellington, 1996¢y do not aim at developing a global
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and consistent conception of science for itseléytlare concerned primarily with science
teaching, and that, in various domains which aresiiady disconnected. Consistency might
therefore be found not in teachers’ views of saetaken in isolation but in their views of
science considered in association with their teaglgractices, and accordingly with other
kinds of knowledge required for teaching, such w@gext matter knowledge or pedagogical
content knowledge (Shulman, 1986). In this regarghther interesting outcome of our study
is that teachers’ views on some VOS items appebetoontext dependent. For instance, for
some teachers, their view on the nature of modeldifferent when considering either the
atomist model or the heliocentric model. Note tiatatoms which are microscopic elements
of matter can never be observed directly, unlikeElarth and the Sun which are macroscopic
and hence observable systems. This ontologicaérdifice between the systems of both
models may influence teachers’ answers. Anothet plathe explanation of the context-
dependency might be the fact that many primaryheacof our study are used to teach the
heliocentric model in their classrooms (in accomawith the official curriculum), which is
not the case regarding the atomist model. Accotgirtgis outcome suggests that teachers’
views of science are situated to some extent iim teaching practices. This finding provides
support for the idea of a mutual influence betwéesmchers’ views of science and their
teaching practices, as suggested by former styeerra-Ramos, 2012; Waters-Adams,
2006).

In light of these outcomes, we argue for an assessmmethod of teachers’ views of
science which combinestheoretical approachihat makes use of the literature in philosophy
of science to identify a whole set of possible &pmological points related both to NOS and
Sl, and anempirical approachthat allows the emergence of possibly unexpected
epistemological profiles for which the consistenoyst be considered in relation to the
teaching practices and to other knowledge. We eltbat this relationship is complex and
difficult to grasp and therefore requires invediga using a qualitative and contextualized
approach. Shedding light on this complex relatigmsind the ways it is built might be of
great interest for improving teachers’ training gnaams by making them more suited to both
teachers’ current knowledge and practices.
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Online resource 1
Selection process of epistemological points for théOS questionnaire

The epistemological points of the VOS questionnaiege selected as follows: we examined
the two sets of epistemological points associateithé VNOS and VASI questionnaires and
avoided the overlap problem by putting aside redab@oints; we discarded those which are
disputable from the point of view of philosophy sifience or which are not essential in the
NOS education context; and added several pointsidered by philosophers of science as
depicting essential aspects of science and putaimviby some researchers in the NOS
literature.

From the set of epistemological points associabetheé VNOS and VASI questionnaires,
we maintained the six following points: “scientikoowledge is based on empirical support”
(VOS1) which is identical to NOS1; “there is no gl scientific method” (VOS2) which is
similar both to NOS7 and SI2; “scientific investigas are motivated and guided by
questions and problems” (VOS3) which is similaiSi@ and refers partly to SlI1; “scientific
knowledge is always tentative” (VOS4) which is itdeal to NOS8; “science interacts with
the socio-economic and cultural context” (VOS5) athis similar to NOS6; “The empirical
data on which scientific knowledge is based areagdntheory-laden” (VOS6) which is
similar to NOS5 and may be related to SI4 (see apov

We did not maintain two points of VNOS (NOS3 and $#) because we considered them
as disputable from the point of view of philosopbf/ science. NOS3 puts forward a
distinction between “scientific theories and laws/fiich is based on the definition of laws as
“descriptive statements of relationships among oladde phenomena” (Lederman et al.,
2002, p. 500). However, this definition holds mgré&r phenomenological lawssuch as
Boyle’s law mentioned by Lederman and colleaguasnbt fortheoretical lawgCartwright,
1983), that is, laws with a wider scope that aeertsult of a more theoretical reasoning and
are only indirectly related to experience (e.g.whtm’'s laws of motion or Schrédinger’s
equation). Such laws may constitute the core dfeory. Hence, for such laws, it seems
difficult to make a strong distinction between lasrgd theories. The second disputable point
concerns “creativity” (NOS4), presented as a featifrscience contrasting with “rationality”
(Lederman et al., 2002, p. 500). Some usual kirfdea@soningin science have a creative
power, such as analogical reasoning (Hofstadtea&d®r, 2013). Making an analogy, which
amounts to describe new phenomena by referring dfb-established knowledge, may be
considered as a rational process. This type otigigan science cannot be opposed so easily
to rationality. Therefore, we did not select these points in our questionnaire.

We discarded two points of VASI (SI5 and SI7), hessawe considered them as too subtle
and specific in the context of NOS education. Stiates that “inquiry procedures can
influence the results,” what can be related to @geaiemphasized by the philosophers of
science belonging to the new experimentalism mowenke instruments used by scientists
do not merely test theories but have an active imdefar as they determine the way we
interact with the world and because they may prednew phenomena (Hacking, 1983,
Pickering, 1995). Even if the acknowledgement af ilea was as an important step in the
field of philosophy of science, it seems quite idifft to make sense of it in the context of
science education. According to SI7, “scientifi¢adare not the same as scientific evidence.”
Although scientific evidence may imply some furtheterpretation not implied in the
scientific data, both of them are to some extembtyrladen. In this regard, the difference
between data and evidence is quite subtle.

Besides, in line with Allchin (2011), Hodson (201atthews (2012), we chose to
include five other epistemological points which respond to essential aspects of science.
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These points may be of importance with respect@sNeducation and are possibly relevant
for investigating the relationships between teagherews of science and their science
teaching practices. Three of them are consensuphilosophy of science. The first point

concerns the nature of models which recently hawesid much attention both in philosophy

of science (Frigg & Hartmann, 2018; Hesse, 2000reNae, 2013) and science education
(Gobert et al., 2011; Gogolin & Kriger, 2018). Angathe various epistemological aspects of
models, we chose to assess the following one: Hsis develop models that are distinct
from the empirical reality” (VOS7). Note that tipsint can be viewed as a specific instance
of NOS2. It seems worthwhile that the various medsldied in science teaching are not
taken by students as mere copies of the empireaity (Harrison & Treagust, 2000), but

identified as intellectual constructs which candmepirically tested and may be revised or
replaced by new models (Gilbert, 2004).

The second point concerns the role of errors: ‘iSrmay play a constructive role in the
development of science” (VOS8). This point hast fireen emphasized by Bachelard (2004
[1938]) who described the advancement of sciencex a®nstantly renewed process of
identification of errors within the current knowtgsl and “rectification” of these errors.
Similarly, Kuhn (1970) has provided many exampldsnew theories (e.g., quantum
mechanics) of which the development has been sitedlby “anomalies” (e.g., the dark
body spectrum) identified in the frame of formeedhes. More recently, Kipnis (2011) and
Allchin (2012) have stressed that errors deservbetstudied with students since they are
natural and unavoidable part of scientific proceésarticular, they display the “variety of
ways for scientific development” (Kipnis, 2011, §81), and “convey the tentativeness of
science” (Allchin, 2012, p. 906).

A third point, which has been studied in depthagislogy and philosophy of science but
which is missing in VNOS and VASI, concerns theeralf the interactions between the
scientists: “Interactions between scientists abfiveontribute to the construction and
validation of scientific knowledge” (VOS9). Withowonsidering in details the complex
process of social interactions between scientistbraught to light both by sociologists and
philosophers of science (Longino, 2016; Pestre,620&e refer here to the practices of
construction and validation of new knowledge based argumentation, evaluation and
critique which are developed in the frame of omaMaitten interactions between scientists
(Duschl et Osborne, 2002; Jiménez-Aleixandre & €rap, 2017; Kelly, 2014).

The nine points formulated above are consensu#heanfield of philosophy of science.
Following the suggestion of Matthews (2012) and $tod(2014), we propose to include two
other points which concern controversial aspectghilbsophy of science. Recall that in our
study we are looking for the consistency of teaghé@ews of science; in this regard, we can
wonder if their views on controversial points migidt be instructive. This deserves to be
tested by means of our questionnaire. We chosebwtroversial aspects which are related to
the former epistemological points. The first onéD&10) concerns the role of models and
brings into opposition the two following views: theodels aim at describing the world
(realist view of models); or they aim at explainiagd predicting observable phenomena
(antirealist or instrumentalist view of models) iy & Hartmann, 2018; Hesse, 2000;
Varenne, 2013). The second one (VOS11) developsgjubstion of the interaction between
science and the socio-economic and cultural conféiS5): does this context have an
influence on the construction of scientific knowged(e.g., on the formulation of a scientific
hypothesis or on the interpretation of an empirmaticome) (Longino, 2016; Pestre, 2006)?
On this question, one may support or reject ad(gjj relativist” view.
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Online resource 2
The questions of the VOS questionnaire

Q1. Two groups of scientists dealing with the sajuestion gather the same data. Do you think théycaine

to the same conclusions?

o No, not necessarily, because in some cases theadatnot sufficient. But with complementary dadte
scientists would come to the same conclusions.

o Yes, because if the data are the same, the stgentust come to the same conclusions.

o No, not necessarily, because however large theofselata may be, there are always several possible
conclusions.

o | don’t know.

Q2. Some philosophers in Ancient Greece proposetksaribe matter as consisting of atoms. This degan
was later abandoned for several centuries. A detgmmiin terms of atoms was eventually endorseddigntists
at the beginning of the Z&entury.

What are the possible reasons, according to yoexpain why this description was accepted at #girining of
the 20" century? Note that no scientific and/or historkabwledge is required to answer this question.

Q3. Do you think a scientific approach involves:

always often sometimes never |don't know
emitting hypotheses a a o a o
measurements O O O O O
a preliminary step of observatior o o o o o
the statement of a problem o o o o o
tests of hypotheses o o o o o
building a model o o o o o
an analysis of the current works o o o o o
data processing a a o a o
a theoretical construction o o O o O
experiments a a o a o
computer-assisted simulations a a o a o
asking questions a a o a o

Q4. Ideally, an experimental approach is closapproach 1 or 2?
to approach 1
to approach 2
there is no ideal experimental approz
| don’t know

O o0oo0oag

Approach 1:

problem outcomes

Y

hypotheses

Y

experiments

L 4

Approach 2:

NN 0N

problem hypotheses experiments| outcomes

~ ~ 7
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Q5. Some ideas and theories have been put asmiggtiout history (e.g., the idea that Earth hastispe of a
plate, that spermatozoids entail tiny human begdgsady formed, that bleeding makes fever decreds@o.
you think that these ideas and theories have tanéd to the development of knowledge?
always often sometimes never | don’t know
[m] [m] m} [m] m}
Explain your answer. You can provide one or twonegkes.

Q6. According to you, with respect to the developtd science, interactions between scientists are:
very important important not so important not important | don’t know

] O ] ] O

Why?
Q7. According to you, scientific researches areedélent on the socio-economic and cultural context?

no yes, a little  yes, strongly | don't know

O O O O
If yes, is it:

sometimes often always
O O O

Q8. (A) According to you, on which aspects of reskacan the socio-economic and cultural contexehaw
influence?

yes no | don’'t know
on the choice of the topics being investigated o o o
on the interpretation of the outcomes o o o
on the allocation of human and financial resourc o o o
on the choice of the hypotheses o o o

other:

(B) According to you, what are the socio-econonmd aultural aspects that can have an influenceesearch?

yes no | don’t know
financial o o o
political o o o
intellectual currents (religions, philosophical ceptions...) o o o

other:

Q9. (A) In ancient times, Greeks thought that the Surned around the Earth (geocentric descriptigvié

believe today that it is the Earth that turns atbthre Sun (heliocentric description).

With which one of the following claims do you agtée most (only one possible choice):

o The geocentric and heliocentric descriptions apth bmodels that aim to describe the world, but the
heliocentric model is closer to reality.

o The geocentric and heliocentric descriptions arth models that enable the explanation and prediabi
observable phenomena, but the heliocentric modailern the explanation and prediction of more olzdsev
phenomena.

o The geocentric description is only a model, wherhe heliocentric description is in line withlitya

o None. In this case, explain why:

(B) The geocentric description has been abandoeeduse (you can check one or several answers):
o itis unable to account for some phenomena implgi manner.

o it has been shown to be false.

o Copernicus and Galileo brought new ideas.

o other
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Online resource 3
The coding method

of the VOS questionnaire

The epistemological
point

The questions and their possible answers

The possible inferred views

VOS1
Scientific knowledge is
based on empirical suppor

Q2:

tentative description of matter)

(a) answer with no reference to experience

t (b) answer associated to naive realism (i.e., with
reference to experience, but without the idea tha
the atomist description is a model, and with the
idea that experience can verify or reject with
certainty the atomist description)

(c) answer associated to balanced empiricism (i.e/,
with reference to experience, and with the ide&a tha
the atomist description: is a model, and/or fuliis
explicative or predictive functions, and/or is a

Q9B:

answer #2)

(a) answer associated to naive empiricism (at least

t (b) answer associated to balanced empiricism (ans
#1, or answers #1 and #3)
(c) answer not interpretable in terms of naive or
balanced empiricism (answer #3)

- noviceif {Q2: a or b} and {Q9B: a}

- rather novicef ({Q2: a or b} and {Q9B: c or NA}) or
({Q2: NA} and {Q9B: a})

ve- rather expertf {Q2: c} and {Q9B: ¢ or NA}

- expertif {Q2: c} and {Q9B: b}

- depending on the conteix{({Q2: a or b} and {Q9B:
b}) or ({Q2: c} and {Q9B: a})

- NI'if {Q2: NA} and {Q9B: b or ¢}

[NA = No Answer; NI = Not Interpretable]

VOS2
There is no single scientifig
method

Qs3:

science always involves

for “measurements” and/or
“experiments”)

nor for “experiments”)

(a) answer suggesting the respondent i
unaware of the diversity of the kinds ¢
investigations and believes that making respondent believes in the

experimentation (“always” is checked

(b) answer suggesting the respondent i
or may be aware of the diversity of th
kinds of investigations (“always” is
checked neither for “measurements”

Q3"
s (a) answer associated to naive
f inductivism, i.e., suggesting th

primacy of observation
(“always” is checked for “a
preliminary step of
observation”)

s (b) answer suggesting the

e respondent is not endorsing
naive inductivism (“always” is
not checked for “a preliminary
step of observation”)

e

Q4.

(a) answer suggesting the
respondent believes that
making science amounts t
follow a well-defined and
ordered set of steps (answj
#1)

(b) answer suggesting the
respondent acknowledges
that scientists can follow
various sets and orders of
steps (answer #2 or #3)

(c) answer #4 (1 don’t know)

- noviceif answer (@) to all three questions

- rather novicef (answer two times (a) and one time (K
NA or (c) to the set of questions Q3, Q3' and Q4) o

b (answer one time (a) and one time (b) and one ke

or (c) to the set of questions Q3, Q3" and Q4)

er- rather expertf answer one time (a), NA or (c) and tw
times (b) to the set of questions Q3, Q3' and Q4

- expertif answer (b) to all three questions

-NA

VOS 3

Q3™

Scientific investigations are (a) answer suggesting the respondent is unawahe able of questions and problems in science @gblis

motivated and guided by
questions and problems

not checked neither for “the statement of a problean for “asking questions”)
(b) answer suggesting the respondent is awareeabile of questions and problems in science (“abivés/
checked for “the statement of a problem” and/or‘ésking questions”)

- noviceif {Q3": a}
- expertif {Q3": b}
-NA
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VOS4
Scientific knowledge is
always tentative

Q2"
(a) answer suggesting the respondent believes th
the atomist description has been proven

definitively, and/or especially that experience ca

verify with certainty the atomist description (e.g.
with the use of words like “verify,” “prove,” or
“demonstrate”)

(b) answer suggesting the respondent is aware of
tentativeness of the atomist description, and/or
especially of the limited role of experience (e.g.,
with the use of words like “support,” or
“corroborate”)

Q9A:

at (a) answer suggesting the respondent believesttbat
heliocentric description has been proven to be tru
(answer #3)

(b) answer suggesting the respondent is awareeof th
tentativeness of the heliocentric description (arsw
#1 or #2)

(c) answer #4 (None)

n

- noviceif {Q2": a} and {Q9A: a}

- rather novicef ({Q2": a} and {Q9A: c or NA}) or
({Q2": NA or NI} and {Q9A: a})

- rather expertf ({Q2": b} and {Q9A: c or NA}) or
({Q2": NA or NI} and {Q9A: b})

- expertif {Q2": b} and {Q9A: b}

- depending on the conteiX{({Q2": a} and {Q9A: b}) or
({Q2": b} and {Q9A: a})

-NA

=Y

VOS5

Science interacts with the
socio-economic and
cultural context

Q7:

(a) answer suggesting the
respondent is unaware of
the interaction between
science and society (answi
“no” or “I don’t know”)

(b) answer suggesting the
respondent is aware of this
interaction (answer “yes, a
little” or “yes, strongly”)

Q8A:

(a) answer suggest
is unaware or har
kinds of interactio
between science
(answer “no” or “I
every item, or “ye
item)

(b) answer suggest

=

two items)

is aware of the kinds of interactiorn
that may exist between science af
society (answer “yes” at least for

Q8B:
nta) answer suggesting the responde
is unaware of the kinds of
interactions that may exist betwee
science and society (answers “no
or “l don't know” for every item)
(b) answer suggesting the respondg
is aware of the kinds of interactior]

ing the responde
dly aware of the
ns that may exig
and society
don’t know” for
s”to only one

t

ing the responde
s society (answer “yes” at least for
nd one item)

nt that may exist between science and

- noviceif answer (@) to all three questions
nt rather novicef answer (a) to one or two among the
three questions
n- rather expertf answer (b) to one or two of three
questions and NA to the other(s)
- expertif answer (b) to all three questions
nt NA
S

VOS6

The empirical data on
which scientific knowledge
is based are always theory
laden

Q1:

(a) answer suggesting the respondent is unawaheofy-ladeness (answer #1, #2, or #4)
(b) answer suggesting the respondent is awaresofyHadeness (answer #3)

- noviceif {Q1: a}
- expertif {Q1: b}
-NA

VOS7

The models built by the
scientists are distinct from
the empirical reality

Q2™

(a) answer suggesting clearly the respondent is
taking the atomist description as the reality

(b) answer which does not suggest clearly the
respondent is taking the atomist description as t
reality, nor he is aware that the atomist des@ipti
is a model (e.g., with no use of words like “mode
or “representation”)

(c) answer suggesting the respondent is aware th
the atomist description is a model (e.g., with the
use of words like “model” or “representation”)

Q9A:
(a) answer suggesting the respondent takes the
heliocentric description as the reality (answer #3)
(b) answer suggesting the respondent is awarettbat
he heliocentric description is a model (answer #12r 4

At

- noviceif ({Q2": a} and {Q9A: a or NA}) or ({Q2": b
or NA} and {Q9A: a})

- rather expertf {Q2": b or NA} and {Q9A: b}

- expertif {Q2": c} and {Q9A: b}

- depending on the conteix{({Q2": c} and {Q9A: a})

or ({Q2": a} and {Q9:b})

- NAif {Q2": b} and {Q9A: NA}
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VOS8

Errors may play a
constructive role in the
development of science

Q5 (multiple choice question):
(a) “never” or “I don't know” is checked
(b) “sometimes,” “often,” or “always,” is checked

Q5' (“Explain why"):

(a) answer which puts forward the negative role of
errors

(b) answer which claim the constructive role obesr
in science but are not able to explain why

(c) answer which claim the constructive role obesr
in science and are able to explain why

(d) not interpretable

- noviceif ({Q5: a} and {Q5": a, d or NA}) or ({Q5: NA}
and {Q5": a})

- rather novicef ({Q5: a} and {Q5": b or c}) or ({Q5: b}
and {Q5": a, b or NA}) or ({Q5: NA} and {Q5": b})

- rather expertf {Q5: NA} and {Q5": ¢}

- expertif {Q5: b} and {Q5": c}

- NI'if {Q5: b} and {Q5": d}

A

VOS9

Interactions between
scientists actively
contribute to the

construction and validation

of scientific knowledge

Q6 (multiple choice

question):

(a) “not so important,” “not
important,” or “I don’t
know” is checked

(b) “very important,” or
“important” is checked

Q6' (“Why?”):

following ideas

(a) no answer or answer with none of the tw

(b) answer with the idea that these interactions evolution of knowledge is
enable to communicate knowledgethat
they enable cooperation or confrontation fqr
the construction of knowledge

(c) answer with both ideas

l Q9B:
(a) answer suggesting the
respondent believes that th

due to isolated genius
(answer #3 only)
(b) otherwise (including NA)

- noviceif {Q6: a} and {Q6": a or NA} (whatever the
answer to Q9B)

e- rather novicef ({Q6: a} and {Q6": b or c}) or ({Q6: b}
and {Q6": a or NA}) (whatever the answer to Q9B) 0
({Q6: NA}, {Q6": NA} and {Q9B: a})

- rather expertf ({Q6: b}, {Q6": b} and {Q9B: b}) or
({Q6: NA}, {Q6": c} and {Q9B: b})

- expertif {Q6: b}, {Q6": ¢} and {Q9B: b}

- depending on the fact the question is contextudlize
notif {Q6" b or c} and {Q9B: a} (whatever the answe
to Q6)

- NI'if {Q6: NA}, {Q6": NA} and {Q9B: b}

-NA

VOS10
Realismversus
instrumentalism with
respect to the role of
models

Q9A:

(a) answer associated to naive realism (answer #3)
(b) answer associated to balanced realism (ansijer #
(c) answer associated to instrumentalism (answper #2

- naive realismf {Q9A: a}

- balanced realisnif {Q9A: b}
- instrumentalisnif {Q9A: c}
-NA

VOS11

Relativism or rejection of
relativism concerning the
influence of the socio-
economic and cultural

context on the constructior)

of scientific knowledge

Q7:

(a) answer associated to strong
relativism (“yes” and “always” are
checked)

(b) answer associated to moderate
relativism (“yes” and “sometimes”
or “often” are checked)

Q8A"

hypotheses”)

relativism (“no” is checked)
(d) “I don’t know” or NA

item)

(a) answer associated to strong relativism (“yeghecked at least fo
“on the interpretation of the outcomes” and/or tba choice of the

(b) answer associated to moderate relativism (“y@shecked only for
“on the choice of the topics being investigatedd/an “on the
allocation of human and financial resources”)

(c) answer associated to rejection of (c) answer associated to rejection of relativismo{“is checked for all

- strong relativisnif answer (a) to both questions

- rather strong relativismf ({Q7: b, d or NA} and
{Q8A": a}) or ({Q7: a} and {Q8A": NA})

- rather moderate relativisnif ({Q7: a or d} and {Q8A":
b}) or ({Q7: b} and {Q8A": NA})

- moderate relativisnif {Q7: b} and {Q8A": b}

- rejection of relativisnif ({Q7: c or d} and {Q8A": c})
or ({Q7: c} and {Q8A" NA})

- NI'if (Q7: c} and {Q8A": a or b)

-NA

pr
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