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ABSTRACT

We present here the main results of two studies we conducted in our laboratory
in the NoS research field. One study deals with the representation of science
conveyed by the French science high school syllabuses of two school subjects
(biology-geology, physics-chemistry) and of two majors (scientific and economic-
literary). We demonstrate how we designed an analysis tool, a matrix, adopting a
broad definition of NoS and choosing an approach which privileges the individual
and his practices but takes also into account the social and temporal dimensions of
the scientific enterprise. We show how we used this NoS multidimensional matrix
in order to analyze the programs and the representations of sciences they convey.
We discuss the place the syllabuses give to the NoS teaching and the role accorded
to the history of science. The second study concerns the design of innovative
pedagogical units based on the history of physics in order to convey a greater
authenticity of NoS in teaching. We show how our NoS multidimensional matrix
can help to elicit and characterize epistemological learning goals. We outline how
classroom activities involving collective inquiry based on the implementation of
documents can be generated.
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RESUME

Nous présentons les principaux résultats de deux études réalisées dans notre
laboratoire dans le domaine de recherche désigné par NoS (Nature of Science).
Une étude porte sur la représentation des sciences véhiculée par les programmes
de l'enseignement secondaire francais de deux disciplinaires scolaires scientifiques
(biologie-géologie, physique-chimie) et de deux filiéres d’enseignement (scientifique
et économique-littéraire). Nous explicitons comment nous avons con¢u notre outil
d’analyse en choisissant de caractériser la NoS par une approche qui privilégie
Uindividu et ses pratiques et qui prend également en compte les dimensions
sociales et temporelles de l'entreprise scientifique. Nous montrons comment
nous avons utilisé cet outil, une matrice multidimensionnelle, afin d’analyser les
programmes d’enseignement et les représentations des sciences qu'ils véhiculent.
Nous discutons de la place accordée par les programmes a l'enseignement de la
NOS et au réle accordé a I'histoire des sciences. La seconde étude porte sur la
conception de séquences d’enseignement innovantes visant a transmettre une
image plus authentique de la nature des sciences grace a l'introduction de I'histoire
de la physique dans l'enseignement. Nous montrons comment cette matrice
multidimensionnelle peut aider a définir et caractériser des objectifs opérationnels
d’apprentissage épistémologique. Nous détaillons comment des situations
d’investigation fondées sur l'étude collective de dossiers documentaires peuvent
étre élaborées afin de les atteindre.

Morts-CLES
Nature des sciences, histoire des sciences, programmes d’enseignement, innovations
pédagogiques, enseignement secondaire

INTRODUCTION

The French science syllabuses have changed in the last decade. The underlying stake
is not only to attract more students towards scientific careers but also to give all
students a cultural and scientific background that allow them to become responsible
citizens. The idea is to act early in primary schools and to ensure continuity between
the different levels of education. Recommendation is given to teachers to implement
innovative pedagogical strategies based on inquiry activities and to introduce elements
of the history of science.
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As knowledge about science is considered to be a critical component of scientific
literacy (Driver et al., 1996; Bybee & Ben-Zvi, 2003) we decided to start a research
program in the field of research called in the English-spoken countries by the acronym
NoS (Nature of Science). In our laboratory, we are conducting three types of studies:
one focuses on the science syllabuses of the secondary education, other deals with
the elaboration and implementation of innovative pedagogical units based on the his-
tory of science, the latest concerns the exploration of the representations of science
of scientific freshmen (Maurines et al., 2014). This research program led us to examine
the choices made about the NoS construct in the literature and to elaborate our own
theoretical framework. Indeed, introduced for educational purposes, the acronym NoS
refers to different approaches and ways of characterizing science (Mc Comas, 1998;
Aduriz-Bravo, 2004; Lederman, 2007; Allchin, 20ll; Irzik & Nola, 201l; Abd-El-Khalick,
2012a; Matthews, 2012). Besides, different strategies are advanced for the NoS teaching
(Abd-EI-Khalick, 2012b; Duschl & Grandy, 2012; Allchin, Andersen & Nielsen, 2014).

First, we present the NoS framework we elaborated and the main results of a study
focused on the high school science syllabuses (Maurines et al., 2012, 2013). One of the
questions was to identify which NoS contents the syllabuses include and which rep-
resentation(s) of science(s) they convey. Another one was to identify the pedagogical
strategy(ies) the syllabuses suggest for the NoS teaching. In particular we emphasize the
place and role accorded to the history of science and the types of history of science
evoked. Second, we outline the innovative pedagogical units based on the history of
science we designed in order to convey a greater authenticity of the nature of science
in teaching (Maurines & Beaufils, 2011, 2012a; Maurines et al., 2012). In conclusion, we give
some information about the first teachers’ feedback on our proposals and direct to the
study of Slaimia (2014) for the results of the first controlled experimentation of one
unit (Slaimia & Maurines, 20ll).

A MULTIDIMENSIONAL NoS FRAMEWORK

Even if there is a long tradition advocating the benefits of NoS understanding for students
studying science, there still exist debates on the NoS construct itself. Considering that
there is an acceptable level of generality on which there is little disagreement between
experts and that the goal of NoS teaching at the grade 12 level is to provide students
a general understanding, Lederman (2007) proposed a “consensus view” formulated in
seven tenets. This view consists in choosing as teaching goals consensual features about
science, formulating them according a general approach which characterizes science,
more precisely scientific knowledge. This approach is being discussed in recent years.
In 2011, Irzik and Nola defend “the Family Resemblance Approach” in order to highlight
specificities and similarities between disciplines. Their FRA approach is mainly focused on
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practices inside the scientific community and pays little attention to the socio-cultural
and temporal aspects'. Matthews (2012) recommends a change of terminology and of
focus from the Lederman approach, which he describes as essentialist and based on
epistemology, to a more contextual and heterogeneous approach, which he calls FoS
(Features of Science). The list of features he suggests is open and grounded on the
complete spectrum of academic disciplines encompassed by the term “science studies”.
Alichin (20l11) supports too that the nature of science cannot be fully or adequately
expressed by a list of explicit tenets. Based on the principle that the aim of science
education is to enable students to become scientifically literate citizens, he advances
a NoS characterization, which he presents as moving “from the experimental to the
social-namely, to Whole Science”. His characterization frames NoS as a set of dimensions
shaping reliability in scientific practice, that is to say emphasizing “how reliability is
achieved as knowledge develops and how it is preserved as it moves from one place to
another” (Allchin, 20Il, p. 524).

As we adopt the position defended by thinkers who look to transcend the
opposition between the advocates of an internalist and rationalist view of science and
the advocates of an externalist and relativist vision (Chalmers, [991; Pestre, 2006), we
elaborate our NoS framework in considering the various academic disciplines of the
science studies field. Thus, we join the position supported in the NoS research field
by Matthews (2012) and Mc Comas and Olson (1998), for whom this is the only way
to permit a rich description of this complex and multifaceted object that science is.
Moreover, this is the only way to elaborate a framework opening to a wide range of
possible for research and teaching.

The approach we choose in order to formulate the NoS characteristics privileges
the individual and his practice but takes also into account the social, temporal and
psychological dimensions of the scientific enterprise. Indeed, for us, knowledge
is embedded in social practices conducted by human actors (scientist, engineer,
technicians...), interacting in a scientific community and living in a given society. We
agree with Duschl (2008) and Sandoval (2014) that scientific inquiry and NoS are
inseparably intertwined with each other.

We refer to the theoretical framework of social practices advanced by Martinand
(1986): “a social practice of reference can be defined as any social activity taken as a
reference for school content. This social practice can be present-day, old, virtual, evolving
or not. The point at stake in this theoretical framework is to characterize the practice in

I It has to be noticed that in 2014, Irzik and Nola enrich their cognitive-epistemic Family Resemblance
Approach by introducing a social-institutional dimension.The reader can refer to the recent work
of Erduran and Dagher (2014): they present the evolution of the Irzik and Nola’s approach before
extending it by considering more aspects in the social-institutional dimension, and advancing
another FRA. In both approach, science is not inscribed in society in general.
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all their dimensions in order to inform pedagogical choices”. Different dimensions can be
considered to objectivize the practice: the actors, their relations, the kind of projects,
the equipment, the knowledge, the products, the attitudes expected, etc. In order
to emphasize that science evolve with time, we consider also a historical dimension.
The table | presents the nine dimensions we choose to retain in order to objectivize
science as a social practice evolving with time.

Our position can be compared to the one adopted by Irzik and Nola (20l1l) since
both privilege the individual and his practice. However, it differs from it since we
consider also socio-cultural and historical features and base our NoS framework
on more than four dimensions (activities, aims and values, products, methods and
methodologies) and one academic discipline (philosophy)?. If we propose to frame NoS
with multiple dimensions as Allchin (20Il), we inscribe science in society in general and
not only in the scientific community. If a heterogeneous approach of NoS is also the
one recommended by Matthews (2012), our approach differs from his proposal of a
FoS list by the fact that the dimensions we retain are articulated through the concept
of social practices.

— TABLE 1

Science as a social practice described through the nine
dimensions of Matrix 1(Maurines et al., 2012)

Matrix I : NoS dimensions

Aims and general characteristics (Presuppositions, Values)
Objects of study
Resources
Products
Elaboration (activities, methods, processes, rules) human actors
Attitudes
Scientific community
Society
History

2 In the second FRA approach proposed by Irzik and Nola in 2014, two dimensions are considered:
science as cognitive-epistemic system and science as a social-institutional system. The first
dimension includes the four categories of the first FRA, the second is decomposed into four
other categories: professional activities, scientific ethos, social certification and dissemination of
scientific knowledge, social values. Here also, the reader can refer to the presentation of Erduran
and Dagher (2014) who add three other categories to the Irzik and Nola’ social-institutional
dimension. The FRA holistic model they propose considers three other aspects: financial system,
political power structures, social organization and interactions.

REVIEW OF SCIENCE, MATHEMATICS and ICT EDUCATION 23



LAURENCE MAURINES

THE NATURE OF SCIENCE IN THE FRENCH
HiIGH SCHOOL SCIENCE SYLLABUSES

Research questions and methods

French education is centralized: the curricula are national and guide strongly the authors
of textbooks and the teachers. So knowing how the NoS is taken into account by the
science syllabuses is a crucial issue.VVe looked to answer several questions:

® Which place is given to the NoS teaching in the science syllabuses at the secondary
school level? Which strategy (ies) is (are) recommended to teachers?

® Which NoS elements are included in these syllabuses and which representation (s)
of science do they convey?

® Do these NoS elements and representation (s) of science depend on the school
discipline, the level of teaching, and the major -scientific or economic-literary?

We analysed the syllabuses? of two school subjects (Physics and Chemistry noted here
PC,; Life and Earth sciences noted here SVT), from grades 10 to 12, and of two types of
majors (scientific and economic-literary?).

It has to be noticed that the syllabuses consist of two very different parts. The
introduction part explains and justifies the missions of science teaching; the content
part describes the contents to be taught (knowledge, abilities). It has also to be noted
that the syllabuses consist of two types of discourse. One deals explicitly with science,
the other focuses on the school subject. As our main hypothesis is that implicit
statements concerning school science convey information on the NoS, we decided to
analyse both types.

We used a mixed methodology which combines features associated with both
qualitative and quantitative approaches and followed a dialectical process between the
theoretical and the empirical.

First, on the basis of an epistemological analysis, we designed the matrix | composed
of nine dimensions.

Second, we identified the dimensions evoked by each sentence of the syllabuses of
the grade 10.We coded all the sentences of the syllabuses by specifying whether the

3 The syllabuses are published in the BOEN (Bulletin Officiel de I'lducation Nationale) and can be
uploaded from the Eduscol website [http://eduscol.education.fr/pid26017/programmes-du-lycee.
html].

4 The compulsory teaching ends at the age of 16 in France.There are two scientific school subjects:
SVT and PC. All students received the same PC and SVT teaching from grade 6 to grade 10,
and then it depends on the major. The students in the economic and literary majors follow the
same science syllabus which concerns PC and SVT.There is no science teaching in grade 12.The
examination is taken for the science subject in grade Il.
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dimensions are considered explicitly as a characteristic of science(s) or implicitly as a
characteristic of school science.The table 2 shows an example of how the sentences of
the syllabuses were coded. Four researchers made several encodings in order to reach
consensus.We then realise a quantitative analysis in counting the number of sentences
in which a dimension appears. We finally calculate the percentages of phrases which
consider a specific dimension on the total number of sentences of the syllabuses or of

each part of the syllabuses.

— TABLE 2
Extract of the encoding table
(The first NoS dimension includes aims and general characteristics noted here GC)
GRADE 10 PHYSICS - CHEMISTRY
Speech . .
Syllabus (BOEN n° 4 -29/04/10) about Matrix I: selection of 9 aspects
science of scientific practices
- | B » || B> |9
Examples of syllabus’ sentences S % + e < s |3 g 2 & | 8
F|F|lo|ld |3 |28 |5 |8 |5 |< =<
e @ = G
Unlike dogmatic thinking, science is not
18 made of |nV|f>Iable revealed truths, v v v v v v
but of questions, research and responses
which evolve and enrich over time.
Introduce students to the scientific process
is to allow them to acquire skills that enable
them to implement a reasoning in order to
19 identify a problem, formulate hypotheses, v v viv
compare them with experimental findings,
and exercise their critical thinking.

Third, we categorized the NoS elements extracted at a finer grain in various sub-di-
mensions and categories, and obtained a matrix 2, which retains only the sub-dimen-
sions and categories identified in the syllabuses of the grade 10 (see table 3 for the
sub-dimensions and table 4 for the categories identified in the “aims” dimension). We
follow the same procedure for the analysis of the syllabuses of the grade Il and 2.

Some results on the quantitative analysis

Which place is given to the NoS by the science syllabuses?
We illustrate this point in taking the example of the grade 10 syllabuses. Similar results
are obtained with the grades Il and 12 syllabuses.

Concerning the type of discourse about science, the quantitative analysis on the
whole syllabuses shows that for the two school subjects, PC and SVT, the implicit
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_ TasBLE 3

The sub-dimensions identified in the grade 10 syllabuses (Maurines et al., 2012b)

Dimensions Sub-dimensions
(a priori) (a posteriori)
Aims
Aims and general characteristics
Values
Types
Objects of study YP
Problems explored
Intellectual
Resources — -
Material (instruments, tools, technologies)
Products Intellectual
General processes
Elaboration Activities
Methods and rules
Actitud Cognitive
ttitudes
Affective and behavioral
Characteristics of the community’ s members
Scientific community Collective construction
Relations within the scientific community
) Sciences’ roles within the society
Society - - -
Relations between sciences and society
Scientific knowledge evolves
. The temporal context in which scientists live evolves
History — -
Elaboration's ways throughout time
Type of history (e.g. succession of special dates)

discourse is the most frequent whereas the explicit one is almost missing (figure I).
Concerning the two parts of the syllabuses, the implicit discourse is the most frequent
in both cases; the explicit one is only present in the justification parts of the syllabuses
(figure 2) and completely missing in the content-parts of the syllabuses (figure 3).

Which NoS dimensions are considered by the science syllabuses?

We first illustrate this point in taking the example of the grade 10 syllabuses.We then
discuss the resemblances and differences between grades (10-11-12) and majors (scien-
tific, economic-literary).

On the figure 4, which concerns only the explicit speech about science present in
the justification parts of the grade 10 syllabuses, we notice that both syllabuses evoke
all the NoS dimensions but that the representation of the different dimensions is
more balanced in the PC syllabus and that the SVT syllabus emphasizes the dimensions
“aims” and “elaboration”.
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The distribution of explicit and implicit speeches about science in the whole grade 10
syllabuses

— FIGURE 2

PC VT

The distribution of explicit and implicit speeches about science in the justification
parts of the grade 10 syllabuses

— FIGURE 3

PC SVT

The distribution of explicit and implicit speeches about science in the content parts
of the grade 10 syllabuses
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— FIGURE 4
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The NoS dimensions in the explicit speech about science present in the justification
parts of the grade 10 syllabuses

When considering not only the explicit discourse about science included in the
justification parts of the syllabuses but also the implicit one (figure 5), we notice that
the distribution of the different dimensions emphasises the dimension “elaboration”,
particularly in the SVT syllabus, and that the dimension “history” is one of the less
evoked.

On the figure 6, which concerns the content parts of the syllabuses constituted of
an implicit speech about science only, the representation of the different dimensions is

LLINT}

limited to three dimensions “objects”, “products” and “elaboration”.

— FIGURE 5

aims
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society (/. /

.\ resources

~/products

—+— grade 10 PC

community

attitudes elaboration s grade 10 SVT

The NoS dimensions present in the justification parts of the grade 10 syllabuses
(implicit and explicit speeches about science)

The distribution of the different dimensions in the justification parts of the PC and SVT
syllabuses of different grades depends on the school discipline in the scientific major
(figures 7 and 8). This distribution is more balanced in the PC syllabuses than in the
SVT syllabuses. All the syllabuses emphasise the dimension “elaboration”. In the justi-
fication parts of the PC syllabuses, we notice an increase in the dimensions “objects”,

“products”, “elaboration” and a reduction in the dimensions, “society”, “community”,
“attitudes” going from grade 10 to grade 12.
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— FIGURE 6
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attitudes elaboration
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The NoS dimensions present in the content parts of the grade 10 syllabuses (implicit
speech about science only)

On the figure 9, which concerns the justification parts of the syllabuses of the grade
Il for different majors and school disciplines, some differences can be noticed. Three
dimensions are more represented in the science syllabus of the economic-literary

major than in the PC and SVT syllabuses of the scientific major:“society”,“community”
and “attitudes”. In the scientific major, the dimension emphasized is again “elaboration”.

— FIGURE 7

society resources

/ —— grade 10 PC
P - products
community < g —g— grade [l PC

i —a— grade 12 PC
attitudes elaboration

Justification parts of PC syllabuses for grades 10-11-12
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— FIGURE 8

society ¢ SN - resources

TN / \\,““products
community . y —o— grade [0 SVT

—m- grade IIS SVT

atti{ﬁdes—élaboration —a— grade [2S SVT

Justification parts of SVT syllabuses for grades 10-11-12

— FIGURE 9
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—a grade lIS SVT

attitudes elaboration

Justification parts of grade 11 syllabuses for different majors (scientific, economic-
literary) and school disciplines (PC, SVT, science)

Some results on the qualitative analysis
The analysis of the units extracted from the syllabuses leads us to identify different
sub-dimensions and categories within a same dimension. The comparison reveals that
if some categories are common to both syllabuses, others are specific to one syllabus.
We illustrate this point in taking the example of the grade |0 syllabuses and the
dimension “aims and general characteristics”. The table 4 shows that four categories
are in common (in white) to the SVT and PC syllabuses and five are specific to the
PC syllabus (in grey). The two syllabuses shared categories which report of the fact
that sciences allow to understand the world and to provide explanations, that these
explanations are consistent and that they provide a global and consistent represent-
ation of the world. The common categories also report of the ideas of progress, of a
relationship between the different experimental sciences and also of a specificity of the
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scientific knowledge compared to other types of knowledge. Concerning the categor-
ies present in the PC syllabus only, they report of the idea that the aim of sciences is
not only to provide explanations but also to describe, to predict and to act. They also
report of the idea that laws and science are universal, that sciences possess cognitive
and aesthetic values.

TABLE 4

The categories evoked by the grade 10 syllabuses in the dimension
“aims and general characteristics”

Matrix | Matrix 2
NOS dimensions Subdimensions Categories PC SVT
Descriptive aim X
Explanatory aim X X
Types of aims
Predictive aim X
"act on" aim X

Sciences look for/ search/

Aims and general aspire for universality X
characteristics Sciences aspire for products X X
/ field consistency
Sciences join a positive
General sciences evolution X X
features - -
Sciences have aesthetic and
cognitive dimensions X

Scientific practices are

specific (relationship X X
between scientific

disciplines, demarcation)

It is also important to notice that differences which correspond to different focuses
inside the common sub-dimensions or categories can exist. Thus, in the sub-dimension
“activities” of the dimension “elaboration”, the SVT syllabus mentions only the rational
thinking whereas the PC syllabus highlights also imagination and creativity. Similarly, in
the sub-dimension “ways of elaboration of the scientific knowledge” of the dimension
“history”, we note that the PC syllabus highlights some internal and external social
aspects of science and underlines the fact that assumptions can reveal themselves
wrong whereas the SVT syllabus focuses on conceptual aspects (table 5).
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TABLE 5

Sentences of the grade 10 syllabuses classified in the sub-dimension “ways of
elaboration of the scientific knowledge” of the dimension “history”

PC grade 10 syllabus

SVT grade 10 syllabus

Science is a way of thinking that seeks to understand
and describe the real world with ever more universal
and effective laws, by back and forth, inductive and
deductive,movements between theoretical modeling

and experimental verification.

The history of the scientific knowledge elaboration,
of its modification through time is useful means to
understand the nature of the scientific knowledge
and its ways of construction with their advances and
their regressions.

[...] science is [...] made of questions, inquiries,and | The historical approach must not be reduced to

responses that evolve and grow richer with time. the evocation of successive events and thus give a
) , ) wrong idea of the scientific demonstration: if some
By challenging the world’s conceptions and the . . o L
, . X arguments have major historical importance, it is
man’s place, the sciences’ progress often faced . - .
. . i rare that only one of them is sufficient to result in
conservatisms, traditions, arguments of authority, . . o o
) . decisive changes in scientific knowledge; similarly,

and obscurantisms of all kind. . . .
it would be pointless to claim that students could

Science is also a school for humility and for | "reinvent", in one or two sessions, which required

patience in so far as this story is associated with the work of several generations of researchers.
an impressing amount of false assumptions and

passionate controversies.

The representations of science conveyed by the syllabuses

Concerning the grade 10°, the syllabuses of the two school subjects refer to science
as a reduced social practice since a limited number of dimensions is emphasized. The
philosophical aspects (what are the characteristics of scientific knowledge? how is it
produced?) are the most evoked. In both cases, sociology and psychology are less con-
sidered. Some differences can be noticed:

® concerning psychology, the SVT syllabus emphasizes more rational aspects than the
PC syllabus, which also considers emotional aspects and creativity;

® concerning sociology, the SVT syllabus focuses on the impact of science on society
whesreas the PC syllabus takes also into account the role of the community, and
the impact of society on science and scientists;

® concerning history, the SVT syllabus refers to a conceptual history whereas the PC
syllabus refers more to cultural aspects.

These differences reflect different points of views about NoS between school subjects.
The SVT syllabus conveys a more rationalist and internalist vision of science whereas
the PC syllabus gives more importance to the human and social dimensions of science.

5 For a first comparison, with English-spoken curricula, see Maurines (2013), Maurines et al. (2013).
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Moreover, the PC syllabus mentions some values of the scientific enterprise. Even if
the idea of demarcation is present in the two syllabuses, it seems that the PC syllabus
explicitly promotes science.

The comparison of the PC and SVT syllabuses of the grades Il and 12 scientific
major; even if not completely done at a qualitative fine grain, seems to reveal the same
differences between school subjects. However it has to be noticed that in the SVT
syllabus of the grade Il scientific major;, the only one of the SVT syllabuses to specify a
topic to study on the basis of a historical approach (see below), some internal social
aspects of science are evoked.

Besides, regarding the grade I, a more rationalist and internalist vision of science
is conveyed in the PC syllabus of the scientific major than in the PC-SVT syllabus
of the economic-literary major. As to the PC syllabuses of the scientific major, the
representation of science is reduced to a more internalist vision in grade |12 than in
grade 0.

The place of the NoS teaching, the strategies suggested by the syllabuses and
the role of the history of science

Whereas the explicit discourse on science is more represented in the PC syllabuses
than in the SVT syllabuses, NoS remains an implicit goal of education in the PC syl-
labuses. In grade 10, only the acquisition of a scientific literacy for citizenship is empha-
sized but this latter is not defined. In grades Il and 12, the issues are also to motivate
students for scientific studies and to prepare them for such studies.

NoS is an explicit goal of education in all the SVT syllabuses. In the justification part
of the scientific major (grades 10 to 12), we read:“If the amount of scientific knowledge to
remember is reasonable, it is to enable teachers to devote time to help students to understand
what scientific knowledge is, its construction and its evolution in the history of science”.The
focus is on philosophical and historical aspects.

In the PC-SVT syllabus of the grade Il economic-literary major; the education purpose
is the acquisition of a scientific literacy for citizenship. The question for students is “to
understand in a simple manner the approaches that led to the current notions and concepts”
and “to grasp scientific issues related to societal questions (sustainable development and
health)”. Advantages, but also limits®, of the scientific and technological advances have
to be discussed.

All the syllabuses (PC and SVT) of the scientific major recommend implementing
inquiry teaching based on experimental activities if possible.The PC-SVT syllabus of the
grade || economic-literary major emphasizes oral and written argumentation activities
based on documentary research.

6 This is the only syllabus which mentions the points students need to examine in debates on
societal issues and which explicitly evoke limits for the scientific and technological advances.
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In the PC justification part of the syllabuses, history of science is presented as a
mean to build scientific knowledge in grade 10 and to put science into context and
culture in grades Il and 12. Some scientific subjects are elicited for such purpose; no
justification is given for the choice made and nearly nothing is said about what needs
to be highlighted (table 7 in annex I). The points emphasized concern the relation
between theory and observation/experiment, the importance of the technical aspects
in the advancement of science and some values such as universality.

In the justification part common to the SVT syllabuses, history of science is
presented as a mean to build original inquiry teaching but also to understand the
nature of scientific knowledge and its construction. The risk to convey a false idea of
the scientific demonstration by presenting a succession of events is emphasized. It is
pointed that if some arguments have major historical importance, it is rare that only
one of them is sufficient to result in decisive changes in scientific knowledge. Only one
scientific topic is suggested for an historical approach in the SVT syllabus of the grade Il
scientific major: the plate tectonics model. This example is presented as an opportunity
to help students to understand the concept of scientific model and how it is produced.
Inter dlia, the syllabus emphasizes the process of enrichment of the model through a
hypothetical deductive approach, the exchanges in the scientific community and the
technical progress: “This is a hypothetical and tentative intellectual construction. Over time,
the scientific community refines and clarifies it by constantly confronting it with reality. It has
a predictive value and this is often one of these predictions that led to the search of a new
fact which, according as it is discovered or not, leads to support or modify the model. The
strength of the model is gradually acquired by accumulating observations agreement with
him. Technical advances accompany the development of the model as well as the debates
and controversies”.

In the justification part of the syllabus of the economic-literary major, history of
science is presented as a mean to understand the ways of elaboration of scientific
knowledge. Some topics are suggested in the content part of the syllabus for an
historical approach. Three are quoted without further indication: vision, colors and
arts, food processing and preservation. For the last one, the methods of birth control,
the question is to locate the chronology of their emergence in time and society.

All this suggests that doing science trough inquiry activities based on experiment
or/and documentary activities in school would be sufficient for students to build an
adequate image of NoS.

Curriculum implications

These results raise questions about teachers and lead us to promote some curricular
suggestions about the NoS teaching. Indeed, as the NoS remains an implicit purpose of
science teaching and as this general objective is not declined into specific goals in the
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content part, we can ask whether teachers choose NoS as a teaching purpose and if
yes how they do in practice. Indeed, different studies conducted in France and abroad
show that teachers are unaware of the epistemological issue of science learning. Even
those for whom this is a significant dimension tend simply to privilege the acquisition
of knowledge and scientific competency (Robardet, [995; Roletto, 1998; Hipkins, Barker
& Bolstad, 2005; Lederman, 2007; Pélissier, Venturini & Calmettes, 2007; Pélissier, 201l).
Therefore, let us suggest that the NoS should be presented as an explicit purpose of
science education in the justification parts of all science syllabuses and that this general
objective should be elicited in the content parts into specific teaching goals consistent
with the educational issues. Let also suggest that contents to be taught and ways to
implement them should be proposed to teachers.

Similar questions arise about the role given by teachers to the history of science
in their teaching, in particular in the case of the PC teachers. Indeed, some studies
reveal that physics textbooks present very few elements of HS, and that they convey
a reductive and false image of science, either through the approaches and the vocabu-
lary used, or the choice of historical elements (Johsua, 1989; Dupin, 2006; Guedj, Laubé
& Savaton, 2007; Beaufils & Maurines, 2008, 2013). These elements refer to only one
person who is most often well known. Discoveries seem to happen immediately and
are linked to a specific date; they appear to be animated by a superhuman mind pos-
sessed with intuitive genius, arising from an unequivocal idea or a decisive experiment.
By focusing on the discovery of the laws of science, these historical elements obfuscate
the importance of scientific technique and the social and cultural dimensions of sci-
ence. They overlook the diversity of issues at stake (theoretical, experimental, techni-
cal, epistemological) that scientists pursue, along with the theoretical, epistemological,
and metaphysical assumptions that guide their work, and the problematic of discerning
what aspects characterize science in relation to other cultural fields (the specific nature
of scientific inquiry, proofs, and methods). At the same time, the anachronism consist-
ing in the juxtaposition of modern practices and of the evocation of historical figures
can be strongly criticized because it may suggest that the scientists’ concerns and
approaches have always been the same. This is consistent with the results of studies
conducted abroad about chemistry and biology textbooks (Mathy, 1997; Abd-El-Khalick,
Waters & Le, 2008)

The gap between what is implicitly expected by the teaching programs about HS,
the textbooks’ content, and the practices we supposed teachers have caught our
attention. We look to examine the possibility to convey a richer and more complex
representation of science consistent with the educational issue of scientific literacy
for citizenship. The area of specialization of the team members who worked on that
subject led us to explore this problem in the case of physics. The results can be gen-
eralized to the case of SVT.
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CONVEYING A RICHERAND MORE COMPLEX REPRESENTATION
OF SCIENCES WITH THE HISTORY OF SCIENCE

Our position concerning the introduction of the history of science is similar to the
one shared for example by Aduriz-Bravo (2004) and Hottecke, Henke and Riess (2010).
When we started to work on the introduction of the history of physics in science
teaching ten years ago, we adopted a position unique in France. Indeed, in most of
the studies conducted at this period, the epistemological educational purpose remains
implicit so that there was no effective epistemological learning. In fact, no meta-analysis
of what can be learned about NoS from the historical elements introduced in teaching
was proposed to students; these historical elements were only means to teach scien-
tific concepts which are known to be difficult.

NoS features chosen as learning-teaching goals

The idea that NoS teaching is a discourse on science that needs to be produced in
the context of concrete scientific episodes, in particular historical, in order not to be
blind or void, led us to an epistemological analysis of the history of physics.This analysis
allowed us to discern different characteristics which can be considered as key points
of an authentic image of physics upon which didactic goals may be based a priori. In our
project, HS is not considered per se but as a means to introduce students to twentieth
century philosophical ideas on science in order to help them to acquire a cultural and
citizen scientific literacy, and also to motivate them for scientific studies. This is a richer
understanding of how science works mainly today, and not in the past, that we expect.
Consequently, we sought to identify through the analysis of the history of physics what
aspects of physics can be considered as temporal invariables.

The first column of the table 6 presents some of the key points we former identified
as characteristics of the scientific activity and that can be chosen as NoS teaching goals.
They are set in perspective with the multidimensional NoS matrix designed for the
analysis of the syllabuses.

It has to be noticed that since these teaching goals focus on epistemological aspects,
they are independent of conceptual or procedural learning objectives, which therefore
can be only secondary, if not completely absent.

Teaching situations based on historical investigations whose objectives deal with
NoS misconceptions
The next step was to create and design didactic resources and activities that were
both appropriate to a given level of instruction and fulfilled a specific epistemological
objective.

As our primary topic of focus, we pinpointed the field of optics.This choice was the
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TABLE 6
Some features of the scientific activity characterized using the multi-dimensional
matrix (It has to be noticed that, here, we characterize the science feature
“Scientists’ ideas are not born in a void” with NoS dimensions that are not explicit.
It is the same for the following feature dealing with technical aspects. It shows the
importance to state clearly and in detail the NoS features chosen as teaching goal)
Matrix |
Some characteristics of the scientific activity (Maurines et al, 2012, 2013)
(Maurines and Beaufils, 2011, 2012a, 2012b - o 3 o g > g v | T
1 = le) =
SVT grade 10 syllabus 2 TE- e g 3|23 |%2 |8
1@ g |d (s |82 |< |3
a S 3
A scientist does not work in isolation but within a X
community
Scientists are concerned with numerous issues and X X
take a variety of approaches to their work
Scientific activity is a nexus of controversy
Scientists’ ideas are not born in a void x
There is a strong relationship between technical
; - ; 4 X b 4
questions and the evolution of ideas
Scientists test their explanations against facts that X
result from observation and experiments
Scientists follows criteria of internal coherence, X X
simplicity, and strength
Scientific knowledge has evolved over time (through X
continuity and ruptures)
Scientific activity are based on beliefs (about the
world, the individual and what it can know, and the X X
ways to produce knowledge)
Scientific activity and the societal, political,
economical and cultural context are in interaction X

result in part of the area of specialization of our team members and the identification
of several ‘historical situations” (the interpretation of refraction in the 18th century,
the invention and development of astronomical telescopes, the discovery and inter-
pretation of black rays in the solar spectrum, etc.) that could be integrated into physics
curricula from grade 7 (age 12) to grade I.

Several didactic choices determined the direction of our pedagogical research.

Following an approach similar to the one proposed by Martinand (1989) in the case
of scientific content, we decided to focus the design of our first innovative units on
goals related with well-known misconceptions about NoS and connected to the edu-

REVIEW OF SCIENCE, MATHEMATICS and ICT EDUCATION 37



LAURENCE MAURINES

cational issues we privileged. It seems to us the most relevant way to choose between
the numerous NoS learning goals that can be extrapolated from an epistemological
and historical analysis of physics. Beyond simply providing documentary resources for
teachers, we decided to design not only sets of documents selected in relation to a
specific NoS goal and scientific issue that unifies the material but also activities for
students.

The following work was based on two main choices: the selection of historical
material and the type of activity.

The paper documents present information in different forms -texts, diagrams, draw-
ings, etc- which is usually taken from texts written by historians or scientists keen
on history but also from primary sources or which we can have written. Indeed our
primary objective is to propose students with texts easily to read. The information
extracted from the historical resources we used is of two types. Some is scientific ele-
ments (e.g. facts, hypothesis, knowledge, experiment) at a given historical period. Other
can be associated to other characteristics of the nature of science presented above. So
to say, the historical scientific elements constitute the skeleton, the others the coating
of the richer image of the science we want to convey.

In our first study (Maurines & Mayrargue, 2005, 2007), the reading of historical texts
was coupled with doing an experiment described or inspired by the texts, thereby
following the hypothesis that some teachers prefer situations that link texts with
experiments, since they might not want to deviate from their preferred conceptual or
procedural learning goals. This approach becomes most meaningful when the targeted
goal stresses the process of validating a model by confronting its prediction with facts
derived from observation and experimentation; the choice seems artificial, however,
and therefore inappropriate in relation to a goal like studying ‘interactions between
scientists’.

But the choice of basing conceptual learning teaching on a historical foundation is
questionable: not only does the problematization of knowledge in school not require an
historical reference, but on the contrary, the historical reference that is introduced to
convey a synoptic idea of scientific practice in a particular historical period requires that
students put themselves into the conditions and circumstances of scientific and tech-
nical knowledge applicable to the historical period in question. This strategy raises ques-
tions on the possibility of asking students to comprehend what was actually at stake
then—for instance, the ingenuity of a particular approach or the revolutionary nature of
an idea in its time and the nature of the historical elements that are introduced.

In this type of experimental historical investigative situation, the risk of drifting off
course toward an emphasis on knowledge and methods is especially high. It is funda-
mentally important that the stage of establishing knowledge is related not only to the
notions developed and the approaches used in class but also to the historical process
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of developing knowledge and to what it teaches us about the nature of science and
scientific practice. Hottecke, Henke and Riess (2010) whose approach is close to ours
propose to arrange furniture in the classroom in order to create an ‘epistemological
corner’, that is to say a place dedicated to the reflection on the nature of science.

In our second study (Maurines & Beaufils, 2011, 2012a; Maurines et al., 2012; Beaufils &
Maurines, 2013) and in those conducted by Slaimia & Maurines (20Il) and Slaimia (2014)
in our laboratory, the learning situations that are developed are exclusively focused on
a goal related to the image of scientific activity in reference to the characteristics that
we have previously mentioned. We describe as ‘historical documentary investigations’
this type of learning situations based only on the study of documents.

The paper kits are usually composed of about ten interrelated documents (usually
one page length). Contrary to the stories proposed by Clough (2010), each document
of the kit gives only some information since we decided to integrate the resource
kits with inquiry-based learning situations including a phase of collective synthesis.The
reading assignment of the kit is divided among all members of the class and students
are guided by instructions that specify the type of information to be culled from
the text: who, what, how, why, etc. (in relation to the documents and the question).
The collective synthesis is made under the teacher’s ‘guidance’. Thus, enough inform-
ation can be provided to students in order to convey a more realistic image of NoS
without discouraging poor readers and requiring too much time. As far as we know,
this strategy has never been proposed by science educators. The wiki-atlas project
seems the closest one (Piliouras, Siakas & Seroglou, 20Il). Insert | shows a way of struc-
turing the work done in class.

INSERT 1

Appropriating or/and constructing a problem:
— integrate the topic into the teacher’s learning sequence for the class; highlight questions of a
historical nature: how do we know that...?
— specify a specific problematic that sets the goal to be achieved
Resolving the problem:
Documentary work (as homework or in class, individual or in small groups)
— present documentary resources.
— distribute the documents among the members of the class
— read documents and prepare the lesson in which the synthesis will be done, guided by instructions
that specify the type of information to be culled from the text; who, what, how, why, etc. (in
relation to the documents and the question).
Reaching a synthesis (students will do this collectively based on each class member’s contribution)
Establishing knowledge:
— the teacher generalizes the results that were found by students and shows the connection
between how science worked in the past and the present situation.

A possible structural outline of an investigative situation based on historical texts
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A collective synthesis leading to a synoptic view provided by a synthesis tool
The collective synthesis that is made in class under the teacher’s ‘guidance’ is supposed
to produce a specific type of result. It can be a time line, a map, a table, a diagram that
provides a synoptic visualization of the information that has been gathered and illustrates
the targeted goal. The synoptic view is crucial to an understanding of the nature of
science since details are not essential. It is important to note that this synthesis tool
depends on the epistemological goal on which the learning situation is focused. Insert
2 presents an example of such tool for the epistemological goal “interactions between
scientists” and the topic “law of refraction”.

__ INSERT 2

Time
v (qualitative scale)

Example of diagram on the epistemological goal ‘interactions between scientists’ and
the topic ‘laws of refraction’

One difficulty that our project has had to overcome is the relationship between histori-
cal considerations and current science. The above NoS features have been identified as
a-time, meaning that they appear in the work of scientists of past centuries, but they
apply to current scientific activity. This leads us to propose to the teacher to conclude
the lesson by the generalization of these characteristics, while pointing to some signifi-
cant developments that have taken place: for instance, the interaction between scien-
tists today is obviously out of proportion to that of the eighteenth century.

First feedback on our proposals

In this way, we were able to create kits of material on various topics, including docu-
ments for students and guidelines for teachers describing the objectives of the activity
and how it is to be conducted; each kit also introduces historical information correlated
to the chosen episode of scientific inquiry as well as various other supportive ancillary
documents.
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The first feed-back obtained from approximately twenty teachers about our first
two kits confirms that they consider the epistemological issue less important than
the acquisition of scientific content, even if they judge it interesting, useful, and even
necessary. Resistance also emerged on the type of synthesis tool we propose (for more
details see Maurines & Bealfils, 2011, 2012b).

The experimentation of the innovative unit based on the history of the law of
the refraction of light elaborated by Slaimia (2014) shows encouraging results about
the possibility to change the image of the scientific practices of grade 10 students in
relation to the epistemological objectives chosen as teaching goals: the diversity of
issues and approaches followed by scientists.

CONCLUSION

The analysis of the high school science syllabuses reveals that they refer to science
as a reduced social practice since a limited number of dimensions is emphasized.
However some variations have been pointed out between school subjects, levels and
high school diploma fields. Concerning the scientific major, the SVT syllabuses convey
a more rationalist and internalist vision of science than the PC syllabuses, which
give more importance to the human and social dimensions of science. However, the
representation of science is reduced to a more internalist vision in the scientific major
and in grade 12 than in the economic-literary major and in grade I0.

Nos is emphasized as a teaching goal only in the SVT syllabuses of the scientific
major and in the syllabus of the grade || economic-literary major.The history of science
is presented as a means to achieve such goal but no indication on the way to implement
it is given to teachers. In the PC syllabuses, NoS remains an implicit teaching goal and
the history of science is presented as a way to construct scientific knowledge in grade
10 and to set science in cultural context in grades Il and 12.

The discussion presented above about the introduction of the history of science
in classes shows that it is possible to construct historical teaching units giving access
to another representation of science. The first feedback from teachers about the first
units we elaborated reveals some resistance and their lack of training on NoS aspects
and NoS teaching. The first experimentation of an innovative unit under controlled
conditions with pre and post-tests and a trained teacher suggests that the units can
be implemented successfully. However, only further experimentation can validate our
choice.
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The units extracted from the PC syllabuses referring to the history of science

Grade

Scientific domain

Units of the syllabuses referring
to the history of science

Place in the syllabus

Chemical species, pure
substances and mixtures

The approach used by Mendeleev to
establish its classification

Content table

Extraction, separation and
identification of chemical
species

Historical aspect and experimental
techniques

Content table

Universe

The Man has always observed the stars to
be in the Universe

Content table

Iland 12
Scientific
major

Universe

It should be recalled in this respect the
role of measurement accuracy in scientific
progress. The history of science provides
many illustrations: the degree of precision
of the observations of Mars made by Tycho
Brahe allowed Kepler to establish its laws.
The greatest revolution in the history of
thought, the Copernican hypothesis, has
not been advanced for reasons related

to the observations of time, which found

a seemingly natural explanation in the
Aristotelian cosmology.Validation came
only over two hundred years later, with the
discovery of the small parallax movement
of stars thanks to technical progress in
observational instruments

Common
justification part

Il
Scientific
major

Fields and Forces

Understanding how the notion of field has
historically emerged from experimental
observations

Content table

12
Scientific
major

Chirality

Historical approach

Content table

Time, movement, evolution

Time and its measurement

The history of this measure [of time],
which can be traced back to ancestral
processes (sundial), provides the material
for a documentary study of the research of
progress subtended by ever greater concern
for precision, stability and universality.

[...] The teacher’s freedom is to make

a choice, especially between a historical
approach, which could immediately
announce the postulate [c independent

of the referential] and follow with
experimental tests, and a more
"pedagogical" approach which starts with
the experimental results to make then
more natural Einstein's hypothesis .

Specific justification

part
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