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Students’ socio-scientific reasoning on controverss from the viewpoint of

Education for Sustainable Development

Laurence Simonneaux & Jean Simonneaux

Abstract

In this article, we study third-year university g¢éumts’ reasoning about three controversial
socio-scientific issues from the viewpoint of edima for sustainable development: local issues
(the reintroduction of bears in the Pyrenees imégawolves in the Mercantour) and a global one
(global warming). We used the theoretical framewarksocial representations and of socio-
scientific reasoning. Students’ reasoning varie®eting to the issues, in particular because of
their emotional proximity with the issues and trsacio-cultural origin. About this kind of
issues, it seems pertinent to integrate into treaippns of socio-scientific reasoning not only the
consideration of values, but also the analysi®iefmodes of governance and the place given to

politics.

Résumé executif

Dans ce travail, nous avons comparé le raisonned&tidiants en licence sur trois
Questions Socio-Scientifiques controversées dacadee de 'Education au Développement
Durable : deux questions locales (la réintroductle’ours dans les Pyrénées et la présence du
loup dans le Mercantour) et une question globalegthauffement climatique). Nous nous
sommes appuyes sur le cadre théorique des repréieantsociales et du raisonnement socio-
scientifique.

Sadler, Barab & Scott (2006) ont introduit la natae raisonnement socioscientifique. Ces
auteurs ont élaboré de fagon théorique le raisoenesocio-scientifique a partir de quatre
opérations souhaitables dans I'analyse des Q93 artalyse de la complexité inhérente a la

question étudiée, (b) 'examen de la question érphe différents points de vue, (c) la perception
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gue la question doit étre soumise a des recheotmplémentaires sur le plan scientifique mais
aussi social et (d) I'expression de scepticismewiss d’informations qui peuvent étre biaisées.

C'est a Moscovici (1961, 1976) qu'on doit la réaipioa du concept de représentation
sociale. La représentation sociale est un procestasharniére du social, de I'affectif et du
cognitif qui forme un cadre interprétatif. C’'essauun produit, car elle est constituée de
croyances et d'opinions organisées autour d'uméisggion centrale et par rapport a un objet
donné. Les attitudes,ckés de volte de la représentation selon Moscovici, introduisere
dimension normative et évaluative a partir de ldques informations sont pondérées et évaluées
par le sujet. Les individus ont tendance a effeaties catégorisations sociales en fonction des
dimensions les plus saillantes dans le contextguestion. Ils ont conscience d’appartenir a des
groupes sociaux, leur appartenance influe sur l@astions émotionnelles et évaluatives (Tajfel,
1972). On observe un principe d’accentuation desrastes (on percoit les différences entre
membres de catégories differentes comme étanimpphtantes qu’elles ne le sont réellement)
et un effet d’homogénéité (on atténue les difféesrentre membres a 'intérieur d’'une méme
catégorie). Nous avons étudié les représentatmeriales des étudiants sur les ours réintroduits.

Nous avons constaté que sur la question de laodunttion de I'ours deux opérations n’ont
pas été mobilisées par les étudiants : la peraeqtie la question doit étre soumise a des
recherches complémentaires et lI'identification idesrtitudes. Deux autres opérations ont été
réalisées de facon partiale en prenant le pagidas éleveurs anti-ours ('examen de la question
a partir de différents points de vue et I'expressie scepticisme vis-a-vis d’'informations qui
peuvent étre biaisées).

Globalement le pattern de raisonnement des étwdsamties questions de I'ours et du loup
est similaire, a I'exception de deux opérationsrgusont mobilisées que sur la question du loup :
le besoin de recherches complémentaires et l'ifiestion d’incertitudes. Si 'on compare les
raisonnements sur ces deux QSV locales a celuia#ue sur le réchauffement climatique, les
différences essentielles portent sur la place dét&nsion affective et sur I'importance de la
gouvernance participative souhaitée.

Les raisonnements des étudiants varient selorulestigns traitées, en particulier en
fonction de leur proximité affective et de leurginie socio-culturelle.

Dans cette recherche, nous avons observé queaplugrbximité affective » de la question traitée

est grande avec les étudiants — question localkgugmte du fait de leur origine socio-culturelle



- plus l'apprentissage scientifique (analyse au#iqde leurs conceptions, appropriation de
connaissances, réflexion socioépistémologique ear davoirs impliqués, raisonnement) est
faible. Tant 'emporte la surexpression de 'affefitla situation proposée aux étudiants s’oppose
a leur systeme de valeurs, l'affect peut freinerrdessonnement critique, les « aveugler » et
constituer une résistancBien que la contextualisation soit supposée anelita cognition
située et favoriser I'apprentissage scientifiquedennant du sens aux savoirs scientifiques, on a
vu ici les limites d’une contextualisation locateg impliquante. Toutefois I'analyse de questions
socio-scientifiques locales ou globales dans urrepgetive de Développement Durable peut
favoriser la mobilisation intégrée de conceptsrdigeiplinaires et promouvoir la citoyenneté
scientifique des éleves.

Sur des questions reliées a la perspective du Dgpeiment Durable, il semble pertinent
d’intégrer aux opérations du raisonnement sociergifique non seulement la prise en compte

des valeurs, mais aussi I'analyse du mode de goanee et la place du politique.

Key words: Education for sustainable development ¢ Sociallyt@cuestions « Socio-scientific

reasoning ¢ Social representations

Our goal is to analyze students’ reasoning abotibws controversial socio-scientific
issues from the viewpoint of education for sustbieaevelopment: local issues (the
reintroduction of bears in the Pyrenees in Framodyes in the Mercantour) and a global one
(global warming). They were third-year universitydents. Work today on the teaching of socio-
scientific controversies is developing in line witie educational movement called Science-
Technology-Society that emerged during the 19#08r&nce, a connected field of research has
been developed entitldes questions socialement vieegardez and Simonneaux 2006). This
expression is not easy to translate but denotedcathat analyses the teachingsotially acute
guestion{SAQ). These questions may $@cio-sociologicalssues like globalization,
immigration, unemployment @ocio-scientifiassues including genetically modified organisms,
cloning, and cellular phones.

SAQs have implications in one or more of the foilagvfields: biology, sociology, ethics,
politics, economics or the environment. They ar€@SAvhen the differences are not limited to

the field of science. SAQs are subject to contreiesrand they are marked by doubts in the



reference knowledge and in the social implicati@&Qs are the object of controversies between
specialists from the disciplinary fields or betwesperts from the professional fields. SAQs
challenge social practices and reflect social isgmations and value systems; they are
considered by society to be an issue and givdaisebate; they are the subject of so much
media coverage that the majority of students hawksast, a superficial knowledge of them
(Legardez 2006). There is no single valid and raicolution. This does not mean that all
solutions are equal.

Expert disagreements about SAQs indicate that teex@lebate about the existence of
certain scientific criteria, of scientific evidendaitially defined as a discourse on science,
epistemology analyses the process of construcfisnientific knowledge. Contemporary
epistemology has widened its scf@zience is considered as a social practice manked b
conflict, tension, and projects in the social, exaic, and political contexts. The sociology of
science thus feeds into epistemology. Epistemolbgyg analyses the conditions under which
scientific discourse is produced. We take a modeedativistic position, in other words, we
believe that there is no a priori structure ofshinces (plural) and that they are social products
influenced by internal and external sociabilityieébces (the technosciences in the post-modern
society) thus include social, ethical, economia palitical constraints that make up the society
in which the sciences are produced and that, m aot on that society. Th@grfomreality, to
use the term invented by Callon (1999). Knowlediihe nature of science affects the analysis
of controversial socio-scientific issues. To beeabl deal with this type of issue, students have to
know how to recognize and interpret data, to urtdagshow different social factors can have
different effects and to understand that stakehsldéen have diverging opinions (Sadler et al.
2004).

Questions surrounding education for sustainable defopment
Emergence and controversies

This paper discusses a training situation set @ip an education-for-sustainable-
development perspective. In economic terms, themkm paradigm was for a long time that
development—regarded as the pursuit of well-beings-imseparable from growth, even for

authors like Amarthya Sen (1999). In this senseeld@ment was synonymous with wealth; it

2 Contemporary epistemology is seen as a crossthscigline grouping together research in
linguistics, sociology and history.



was measured by the gross domestic product. Ateélgenning of the 1970s, the Meadows
‘Limits to growthreport to the Club of Rome sounded the first viegrabout the depletion of
the planet’s resources caused by the economic mihéeleport also marks the return of
Malthusian arguments. The needs of the planetmmoatio grow because the population is
increasing but also because the pattern of devedopdepends on an increasing use of non-
renewable resources; beyond demographic contiisltlie pattern of growth that should be
examined because it accelerates the depletiorsofirees.

In the 1980s, the very concept of development wastipned with the end of the post-war
boom from 1945 to 1973, with environmental degriaxteand with the impossibility of
transferring development to the South. It is thesigéence of poverty and the problems of access
to care, health, and education that raises theique®evelopment cannot be reduced to
purchasing power; it is necessary to redefine \Wwedlhe Human Development Index is thus
considered to be a more pertinent indicator becauakes social and cultural dimensions into
account. In these analyses, the targeted socigbalitctal conditions necessary to development
are analyzed, development is no longer simply an@mic concept, it becomes a political
science concept integrating ethical doubts, argldimension leads to a questioning of the justice
of the situations. The idea that progress is symmus with development no longer goes without
saying. The notion of sustainable development ig about twenty years old. It is in fact only a
new way of looking at the dual questions of ecormodavelopment from a capitalist point of
view and the need to preserve the environmentaBadtle development is not a scientific
concept in the sense that it emerges in the pallisighere generating guidelines and principles for
action rather than a framework for analysis. It Wt suggested by the World Wildlife Fund,
the World Conservation Union, and the United Nati&mvironment Programme as the concept
of improving the quality of human life while livingithin the carrying capacity of supporting
ecosystemdn the report entitle@ur Common Futurand known as the Brundtland Report
submitted by the World Commission on Environmert Brevelopment to the United Nations in
1987 and which served as the basis for the Ri@deitb summit in 1992, sustainable
development is defined as development that meetadhds of the present without compromising
the ability of future generations to meet their avaeds and it is now the commonly accepted

definition.



Sustainable development is usually considered tmalsed on three considerations: (a)
environmental, to take the interactions betweeretheronment and human activities into
account, (b) economic, to find the best way of jtmg for human needs, and (c) lastly social to
take account of the relationships between diffeseteties or social groups, including between
generations. In the 1990s, sustainable developbhesm@me increasingly associated with, certain
people would say reduced to, protecting the enwr@mt. However, recognition of the
generalization of sustainable development by theedriNations would do little to prevent
continuing thought on the notion of sustainabilEgonomic trends were to challenge the very
notion of development along with the notiondefgrowth(Berr and Harribey 2005; Latouche
2006) based on the work of Nicolas Georgescu-Roég#r?) for whom the pursuit of growth
was unsustainable if we take into account the pgtad the system. Criticism of development is
also based on anthropological analysis, the dewsop concept in itself being a cultural
perception that must be questioned and not appkede to the planet as a whole. Questioning
relates as much to the way so-called advancedtsesmmnsume as on the modalities of
production. The increase in environmental criseghduthe 1990s reinforces this idea of
economic and social interactions with the environtme

Sustainable development is not only a frameworlafttion; it is an ideology (J.
Simonneaux 2007). Sustainable development cordigislitical goals (solidarity between
generations, protection of the environment, optidistribution) that can be broken down into
principles for action; the scientific frameworkreference is multiple (economic, ecological) and
above all less important than the philosophicahiavork (fairness, irreversibility, solidarity, the
precautionary principle). It effectively is a moaélsociety that is proposed and not a framework
for scientific analysis; the legitimacy of the distse on sustainable development is primarily
socio-political, scientific demonstration helps pag this legitimacy but does not suffice in
itself. The socio-political dimension leads usdous on the mode of governance. Criticism of
sustainable development is then, no longer lintitetthe notion but also to the discrepancy
between displayed political principles and the @ffeeness of the actions undertaken.
Environmental education for sustainable developrieeRtance’s contribution in response to the
United Nations Decade of Education for Sustaind&@eelopmenfJune 2003).

Environmental education for sustainable developrteds environmental education

further, with full consideration for what has besshieved previously. Mappin and Johnson



(2005) note that there have been three phases iwak environmental education has changed:
(a) in the 70s, the objective was to change petdmtavior; (b) in the 80s, it was personal
change, an understanding of the motivations ansbpet attitudes which influenced personal
decisions; and (c) in the 90s, the objective hambtre to change social values and systems in
order to protect sustainability and social justiRecently, in the circular of 2007, the institution
has promoted education for sustainable developriiéatcan question the objectives of
education for sustainable development as we dpriheiples of sustainable development. To
achieve sustainable development, scientific knogaed necessary but is not sufficient for
decision-making. As well as the cognitive sidelsf tearning process, there are also
psychosocial and ethical dimensions resulting froativations, affects, and the interests at stake.
The termeducationis used to recall the axiological perspectivesiiahein any environmental,
ethical, or political debate as it is hoped that #ducation will go beyond the simple acquisition
of knowledge, towards the support of an ideologieay of thinking. Here lies one of the
reservations expressed by the teachers of edudatienstainable development; but it is also
very difficult to define this way of thinking.
Socio-scientific reasoning

Sadler and colleagues (2006) introduced the natiGgocio-scientific reasoning. As
opposed to formal reasoning based on pure logasor@ng on SAQs is nonformal because the
issues are ill-defined, poorly structured, and bseahere are no indisputable solutions, because
the reasons can support both a point of view andgposite. Nevertheless, nonformal reasoning
is also recognized as a rational process of thetnaetion and evaluation of the arguments (Kuhn
1993). Sadler and colleagues (2006) based therytten four desirable operations: (a)
recognizing the inherent complexity of the issumpyestudied; (b) examining the issue from
multiple perspectives; (c) appreciating that tlseiésis subject to ongoing inquiry; and (d)
exhibiting skepticism when presenting potentiallgsed information. The authors integrate the
guestion of the uncertainty involved in operati¢amsand (c). For our part, we chose to make a
distinct operation out of it, associated with tbhthe risks. It seemed worthwhile to us to
complement this reasoning with two other operatigasidentifying the risks and uncertainties
and (b) taking into account the values (potentiaiprked by the influence of culture, society, or
the media) or ethical principles underlying deaisinaking. In this study we examine students’



reasoning developed about three SAQs from the woewjpf sustainable development: the
reintroduction of bears in the Pyrenees, wolvdgéncantour, and global warming.
Social representations

Our subject here is the social representationgafdas constructed by the students.
Moscovici (1976) was the first to reintroduce tlmmcept of social representation, first developed
by Durkheim (1878) asollective representatiorSocial representations stand at the crossroads
between the social, affective, and cognitive asp#tit make up an interpretative framework.
Social representation is also a product, as itistef beliefs and opinions organized around a
central meaning attributed to a given object. Attés keystonesf what Moscovici calls
representation, introduce a normative and evaleatimension, which influence the way the
subjects consider and evaluate their informatidtituale is likely to bring out the most affective
side of social representations in the form of at@wnal reaction to an object. This is also the
aspect of social representations (Gilly 1980) tbases most opposition. Social representations
determine behavior and play a prescriptive rolel&yning what is or is not licit and tolerable in
a given social context (Abric 1994).

A social representation is the result of a pro@@gslving several stages structured around
two poles: objectivation and anchoring. A figur@igepresentation in its most condensed,
visualized, central, objectivated form. Objectigatis the process by which data is turned into
concrete images. This process involves three dpagtselection of the information fiitering
operation), condensation of the information arocedain major figuresfiQurative nucleus
resulting from an operation efructuring schematizationand a transformation of the data
retained into obvious realities (concepts beconregthbynaturalizatior). The nucleus providing
the image, now that it has become obvious “reglpybdvides a framework for interpreting and
categorizing new information when activation ocdiansanchoring according to Moscovici). The
process ends when the social representation issielfmed. The objectivation and anchoring
processes are influenced by three factors: disperdiinformation, focusing of a group on
specific areas of interest, and group pressuradiniduals to accept its values.

In parallel to the cognitive process, the socidtaal origin and the place of the subjects in
the social context will both help determine the wilagy interpret the object. Social
representations are “subject to a dual logic: dbgnlogic and social logic” (Abric 1994, p.14).

Social representations play a triple role “of ehtening (giving meaning to realities), integration



(incorporating new concepts or facts into famiframeworks) and sharing (providing a
‘common sense’ that helps define the identity sebeial group)” (Moscovici and Vignaux 1994,
p. 25). Social representations “include aspectsateconscious and unconscious, rational and
irrational. As a result, the word ‘cognitive’ is tr@ppropriate when applied to social phenomena.
It would be better to use the word ‘symbolic’ whishot at all the same thing” (Moscovici

1996, p. 73). Emotional reactions influence thestattion of social representations.

The fact of belonging to a social category, of hgwa social identity, causes subjects to
share the thought processes of the category; muhdt the only thing to influence the way things
are represented; socio-professional identity atgsoehmarked influence. The way social
representations develop depends on the valuesdshvaneh may be different or at least accepted
to varying degrees, depending on the social grolips.representation will attribute particular
significance to the way these values are rankectantbined. But social experiences do not
exclude personal experiences that allow individtaferge their own ways of apprehending
reality by constantly adjusting their system ofresgntations to the particular situations they
encounter. Even if, as explained by Pierre Bouri®80), personal experience cannot differ
enormously from one subject to another, since egreytends to consider that his/her own
situation is “natural” and consequently to repraglitcather than to try and gain perspective on
it.

The social dimension, determined by an ideologcal historical context, transmits an
analytical framework for representations whilehegt same time conveying a value system. These
are strongly linked to the value systems of indiald. By assimilating the dominant value
system, subjects adopt the dominant ideology agid éxpress it as their own discourse. By this
process, the predominant reference system tertulsctume the overriding force in a value
system.

The way a group functions determines the positiandividuals in the group, how well
they are integrated, how much they adhere to, aposemain independent of the group’s value
system. The social role, which can vary duringititvidual’s life span, has a determining
influence on the way subjects assimilate or rdjgetdominant system of representations. The
representations help build a common social redlityy are developed in a social context to
which the individual adopting these representatiwitisadhere to a greater or lesser extent. In

this sense, they lead us to look closely at theepnof identity because they become an integral



part of the way individuals perceive themselves thedgroup to which they belong. The idea of
social representation is related to the way in Wiaisocial group is structured relative to an
objective. In this sense, social representationbsaseen to be more an issue of identity than of
conception (Astolfi 1999). This is similar to theew of Dubar (1991) who states that an
understanding of the way identities are constructedires an internal understanding of the
representation.

Individuals tend to make social categorizationkaaping with the most obvious
characteristics of the context in question. Theyaware of belonging to social groups and this
feeling of belonging influences their emotional awaluative reactions (Tajfel 1972). Contrasts
become accentuated (differences between membensgied) to different categories are seen to
be more important than they really are) and sintiéar are homogenized (the differences
between members of a given category are seensasripsrtant).

Some researchers speak atructuraltheory of social representations, which hypothesize
that there is a dual system: ttentral nucleusnd theperipheral systemAccording to Abric and
Tafani (1995), the central system has two functiartbe structure and dynamics of the
representation. There is an organizational fundfian determines the nature of the relationships
between the elements of the representation; amd tha generating function that determines the
significance of each element of the representaltiioeld. The central nucleus may be thought of
as a stereotype, produced by the process of repiediemal stereotyping. The peripheral system
allows the representation to be anchored in thigyed the moment.

Scenario for reasoning
The societal context 1: Sheepherding in the Pyreaed the introduction of bears

In the early 1990s, the last bear disappears frecéntral Pyrenees. Only 7 or 8
individuals remain in the western core and thenexion of the bear in the Pyrenees thus seems
inevitable. The reintroduction of the bear in thyedPees is carried out within the framework of a
European Union LIFE programme that finances, amootper things, the capture, transportation
and release of the bears. In 1996, three bearxsaatared in Slovenia to be released in the central
Pyrenees:

- Ziva is released and during the winter 1996-9%& produces 2 male cubs (Kouki and
Néré). 2 cubs are born in 2000 and 2 more in 2002.

10



- Melba, gestating, is also reintroduced in 199& Sroduces 3 cubs in the winter of 96-97.
One of them is found dead in July 1997. And orS2dtember 1997, tragedy occurs: a
young hunter, intimidated by a charging Melba (whocaccompanied by her 2 cubs)
shoots her dead. The 2 cubs, Bouxty the male amdn@dles the female, survive.
Caramelles will go on to produce a cub in the wi2000-2001 but the latter's dead
body is later to be found in the area of Ariege.

- Pyros, a 9-year-old male weighing 235 kilos, goMelba and Ziva's new world on 2 May
1997.

INSERT Figurel

Figure 1. Idyllic villages in the Pyrenees havedree the focus of the debate about the

reintroduction of bears and the protection of welve

The 3 bears are wormed to avoid bringing new deseago the Pyrenees. Biologically,
results seem positive. Economically, various I@talctures in favor of a harmonious
development of economic activities in mountain ayéand their support to the introduction of
policies that will help reconcile human activiti@gh the necessity for environmental protection
and nature conservation. They hope to see an seiaacotourism and an enhancement of the
local economy.

But opponents of the bear, particularly the sheemérs, often emphasize the lack of
“social acceptance” evoked in connection with tbetimuing reinforcement of the bear
population. Yet, the bear is an animal that hag loeen part of the Pyrenean culture and
heritage. Bear handlers existed up until the midflae 28" century. But over time, the bears
have more and more frequently fallen victim to leusit

Since the killing of Canelle (the last female oféhean stock), the situation has become
critical for these bears, today so few and far eetw The French government reintroduced 4 new
bears in 2006. Even with this reintroduction, $histainability of the bear population in the
Pyrenees cannot be guaranteed.

There is enormous controversy over the continuaifdhis reintroduction. The 2006

releases were carried out under heavy police grote@t night, while keeping the exact location

11



of the releases secret, to avoid the violent reastof anti-bear activists. Anti-bear shepherds
have even set traps containing honey laced withdsha glass.

According to anti-bear activists, the bear is alpter, responsible for the deaths of 200 to
250 ewes per year. But defenders of the bear rtiatrout of the 250,000 ewes present in the
mountain summer pastures, 20,000 to 25,000, die wsar. Pro-bear campaigners declare that
for the anti-bear activists, accepting availablesstdies and means of protection amounts to
accepting the bear. So, they refuse to proteat tleeks while pocketing the financial aid, even if
this means sacrificing a large number of ewesifsaes which are sometimes arranged and
revealed to the press, in order to create a wapelolic sympathy (say pro-bear campaigners).

According to opponents of the bear, the authordidsnhot take the opinions of the
population into consideration.

Bear defenders point out that the State organidatha-scale consultation in 2005, “The
Pyrenees with the bear”. They claim that thoseresgdihe bear did not attend and, for the most
part, boycotted the meetings and later complaireeiferously that they had not been consulted.
Anti-bear activists are adamant that the beardiargger to man. Incidentally, they accuse the
reintroduced bears of being a potential health ftaZsor opponents of the bear, pastoralism-
predator coexistence is illusory and the subsidimethods for protecting flocks (animal
enclosures, guard dogs, electric fencing) inefiectPro-bear campaigners of course contest this.
Anti-bear activists denounce a waste of vast ansonpublic funds. The budget for the
population reinforcement programme 2006 adds #)246,818 euros; that is 45,000 euros per
bear.

Regarding the question of biodiversity, the antibgroups decalre that the brown bear is
not an endangered species worldwide and thatetsepce in large numbers could threaten
Pyrenean biodiversity. The Minister of Ecology &ubtainable Development replies: “It is
exactly the same thing for the bears as for the moslest of endangered plants or for the least
common of insects present within our national bauies. It does not matter that viable
populations still exist outside our borders. We aeanresponsible for maintaining our own. In
this area, no biologist or treaty has ever recontedrhaggling “you take the bear, I'll keep the
insect, you take the panda, I'll keep the whal€’&tor the pro-bear campaigners, guaranteeing
the long-term survival of a species like the Eusspbrown bear is achieved precisely by

protecting several stable groups wherever the spégistill present. According to the minister,
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there is only one alternative: either to assumeelponsibility of consciously programming
extinction, or choosing population reinforcementcaculated, accompanied and assessed
reinforcement.

Controversies oppose pro and anti-bear groupseatthject of diet (Figure 2). The brown
bear’s dentition, claws and digestive system rek@alto be a carnivore with leanings of a recent
herbivore. Considered as an opportunist omnivaresdis whatever he can find easily, according
to the seasons (raspberries, blueberries, gramsass, beechnuts, chestnuts, insects, dead
animals, domestic or wild mammals...), with an averafj70% plants. In the Pyrenees,
shepherds tend to regard the bear as being caenivot the study of his diet shows his
polyphagy and his taste for a variety of foods.

It gets his spring protein ration by eating herloarseplants, and less frequently dead
animals. Roots provide trace elements. From thenhaw of summer, he feeds on pulpy fruits
(blueberries, alder buckthorn, raspberries etafj] the onset of autumn and the appearance of
dried fruits and nuts (acorns, beechnuts, chestnutBuring the summer months, he also feeds
on domestic or wild ungulates that provide him vatiimal protein. Predation of domestic
ungulates concerns essentially sheep. In the Pgsamere than 90% of all injuries involve

sheep.

INSERT figure2

Figure2. Annual diet of the brown bear in the Pgen(according to the Programme for the
reintroduction and conservation of the bear inRhench Pyrenees 2006-2009, Ministry of

Ecology and Sustainable Development).

Traditionally, agri-pastoral farming is essent@hiuman activity, the economy and the
landscape in mountain territories (Figure 3). Addpb high altitude grazing, transhumant
herding or pastoralism is practised in the vastmt@in and high mountain areas where it is one
of the rare farming activities. Pastoralism is gisactised at medium altitudes beyond the farm
holding. Farming units on the summer grazing pastand on farmlands in the valleys are
therefore very closely linked and the conditionsvimch the activity is practised, determines the
future of the farm structure as a whole. Pastarafpiays a social and economic role by

maintaining an activity and jobs in difficult areasd contributes to quality products like cheese
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or meat some of which carry an official label gurieging a quality standard or a controlled
origin (AOC “appellation of controlled origin”, la rouge “red label” etc.).

Pastoral activities also play a fundamental rotettie environment by ensuring the care
and upkeep of the open countryside and its biodlyicliverse ecosystems (Figure 4). Ecological
diagnostics of mountain sites clearly reveal thaintaining pastoral activities is hugely
important for preserving biodiversity (sustainingedsity in mountain areas in particular by
limiting the progression of ligneous vegetatiome$e activities have a positive impact on the
occupation and land use planning in these areas; dlso contribute to actively protecting
forests from fire. Pastoralism in mountain areasherently faced with extra costs compared to
farming practiced in other conditions. It also pd®s environmental services (upkeep of the
countryside, prevention of avalanches, maintenahtediversity). Furthermore, it faces
specific constraints linked with the presence efllear. The transhumance from June to October
makes extensive use of summer pastures under toel@sanagement, 550,000 hectares
representing half of all French mountain summetyratand. The 5,300 pastoral farm holdings
(inventoried in 2004) represent 35% of farms inrtessif. Since 1988, the number of pastoral

farms has decreased by roughly 30%.

INSERT Figure3

Figure 3. Sheep stations in the high Pyrenees ramsére isolated.

Attacks by bears are a real problem for the shejshesncerned. Extensive sheep farming leaves
flocks vulnerable to attacks by predators even mawebecause of an evolution towards
shepherding without permanent supervision of tleek#. Public authorities, aware of the
difficulties facing pastoralism and the importaraehis activity, have designed, in conjunction
with the farming profession, a pastoral programme the Pyrenees. This programme offers
financial help to equip the high summer pasturegs(hsorting parks....). Compensation is paid
for any harm caused by bears and measures havephg@sed which aim at limiting damage to
flocks. Emphasis is placed on the permanent superviof flocks by a shepherd, the use of

“patous” (the Pyrenean Mountain Dog raised withgheepfold to ward off predators), and pens
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with electric fencing to protect the animals. Thessasures help to reduce the number of attacks

by bears and other predators (stray dogs, foxes, et

INSERT Figured

Figure 4. In contrast to Italian practices, whédreep are raised for milk, French sheep are

raised for meat and therefore are not controlleztyalay.

However, the agri-pastoral world is not unanimonghe issue of keeping the bear. There
are sheep farmers in favour of the bear who con#iide a shepherd should watch over his flock
and that in a way it is thanks to the presenceedators and the absence of fencing that his job
exists. They consider that the bear has simplyerkated preexistent problems. Other
professionals who work in mountain areas, espgamltottage industries and the tourism sector,
are in favour of the bear’s presence. So, he isidered as giving a positive image of the
Pyrenees to tourists.

A survey conducted by IFOP (a major French polbnganization) in February 2005, on
the basis of a sample representing 906 people,stiat for 65% of inhabitants in the mountain
zone of the central Pyrenees, the species of anitmah best represents the Pyrenees is the bear,
the izard (Pyrenean chamois) comes second with 3%.of those interviewed were in favour
of keeping the bear population, 62% were in fawafueleases of new bears if it were necessary
to the conservation of the species. This surveyicnsa the results obtained in 2003 (IFOP poll):
88% of French people and 86% of Pyreneans considleesbear to be part of the Pyrenean
heritage. 58% of Pyreneans and 72% of French pegge in favour of reinforcing the
population should it become necessary safeguatbengpecies.

The societal context 2: Wolves in the Mercantour

After having disappeared from the French counteyandthe 1930s, the wild wolves are
back and have given rise to a lot of debate. Bu# Hid they return to France? This question is
crucial for their opponents. Indeed, ianis lupusspecies has been protected by law, within the
framework of the Bern Convention, since 1993; theaf the signature of a decree that added

the wolf to the official list of protected speci@his addition to the list is only valid in the easf
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a natural return of the wolf. Consequently progaittthe wolf was reintroduced by man, could
lead to a loss of its protected species status. dihtourse places substantial stakes on this.issue

The first two wolves were spotted in 1993. The cmlance between the date of this
sighting and the addition of the species to thenB&wnvention has raised a certain number of
guestions. Did the wolves “naturally” return to kca from the Abruzzo region in Italy or were
they reintroduced by way of a covert “release”? figpothesis of a natural arrival is founded on
a return of the wolves from lItaly, where they haeser been totally eradicated and have been
protected by law since 1976. The theory is basetth@geographical spread of Italian wolf
populations: in fact among wolves, each pack hasraory the boundaries of which are
determined by the abundance of food. This behapattern ensures a natural regulation of the
number of wolves present in any given area andsléathe migration of certain individuals in
the case of a population increase. Since 1976)uhwer of wolves on Italian territory has
guadrupled (increasing from fewer than 100 to e\af)). The wolves have therefore begun a
process of recolonization from the Abruzzo Natidhatk. This theory is also backed by several
arguments: firstly, the Apennine Mountains congtita significant vector for geographical
spread thanks to the low human population densidythe abundance of wild ungulates which
are prey for wolves. Secondly, the wolf’'s capatitgover great distances (over 100 km in
several days) could explain a discontinued coldmmraFinally, the successful adaptation of
French wolves to their new territory makes a hyptodal release of previously captive animals
(in practically constant contact with man) veryikely.

The reintroduction hypothesis is based on thetfadtthe wolves could not have arrived in
France of their own accord and that they theredettded in thanks to human intervention. The
main argument to support this theory is the lacgrabf of the wolf's passage between Genoa
and Mollieres (the place where the wolves weretedah 1993), about 150 km apart. The idea is
backed by the fact that humans occupy this zong.Wieereas the presence of humans within
these 150 km may well be a hindrance to the spwétee wolf, it does not allow us to rule out
the passage of the wolf. In Europe, certain wofeesl on waste produced by human activity; to
say that wolves cannot approach areas inhabitedaoyis therefore not always justified.

At the same time, there are rumours of a possibledestine release. These rumours are
based on several arguments or ideas: the econotarest in the presence of the wolves in the

Mercantour National Park (certain communities i& &bruzzo region in Italy have developed
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local tourism thanks to the wolf), the wolves mégoehave been reintroduced in order to regulate
the number of ungulates in the Mercantour Natiéteak.

The “natural” return of the wolves can only be @mplated if the wolves spotted in
Mercantour are indeed of Italian origin. This isywhgenetic investigation was requested. The
University Joseph Fourrier of Grenoble carried analyses of the mitochondrial DNA sequences
of samples taken from different wolf corpses. Tésuits confirmed that the French and Italian
wolves are closely related which means that therthef a release of wolves of non-Italian
origin is unfounded and would imply a clandestiaptare in the case of the reintroduction by
man. If a “natural” return is therefore geneticgllgusible, only reliable evidence of their
presence in all the areas separating the Abruzgorrédrom Mercantour can confirm a natural
arrival. Such evidence is very difficult to obtdacause of the wolf’'s extremely discreet nature.
A natural arrival is therefore possible but notyae. The question of how the wolf returned thus
remains unanswered and no theory can be ruled out.

Agri-pastoral farmers are against protecting thé/esy some do not hesitate to resort to
killing them. This does not reflect the generalnigmn of the French population. In 1995, a survey
carried out by SOFRES (one of the main Frenchmmplirganizations), representative of the
French population over the age of 15, revealed#8% of French people regarded the return of

the wolf as‘good news”.

The course

We set up a training course to encourage studsotso-scientific reasoning. These
students followed a degree course in ecology, agnynterritory, and society. Our aim was to
analyze the positions taken by the students, amdgdhous scientific, economic, political, ethical,
cultural, and other arguments, as well as the Wwagd evolved during the course using this more
developed model of socio-scientific reasoning. Visgltto determine whether other operations
should be included in education for sustainablesigament. The course in ecology, agronomy,
territory, and society includes a module on SAQselVe students took this module in
September and November 2006. Prior to this coatbthese students had taken an agricultural
training course for at least two years after thaiccalaureate (a BTS), followed by a one-year
foundation course or one year of another degreeseoBut, the baccalaureate courses they all

followed were very different; environmental proieatand management with an environmental
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bias, or animal or plant production with a techrayexmic bias. We assumed that the question of
the reintroduction of the bear would cause debete/den these two groups with different centers
of interest: ecology/agronomy, two fields which xiséin the degree course.

A. In the first 3-hour session, students wereaiil to this subject through the
emblematic example of GMOs. After studying the das@nd controversies associated with
GMOs, the students analyzed converging and opp@siogunts of the production of golden rice
(transgenic rice with enriched vitamin A contefite then applied socio-scientific reasoning in
its more thorough form (with 6 operations) to tlase of GMOs.

B. The module on the SAQs then continued with thdysof a socio-scientific issue: the
reintroduction of bears in the Pyrenees. This secgigvas divided into five steps during a 3-hour
session:

1. A written answer, with reasons, to the questistthe reintroduction of bears in the

Pyrenees a contribution to sustainable development?

2. An analysis of short discourses representinfgrdint sides of the

scientific/environmental, economic and sociologa@uments.

The passages were taken from projects carriedyoother students on this theme, while

following the same degree course during the prevamademic year. They correspond to

media extracts accessible to the students. Thegfa@ying types and degrees of
popularization:

- excerpts from an article called “Ours de fielysode miel” (literally, Bear of bile [i.e.,

bitterness], bear of honey) froherre Sauvagéop 24-29, N° 172, May 20022

magazine with ecological leanings. Selected exdragtthe journalist Fabrice Nicolino or

guotes he takes from shepherds or from a memhkbediear monitoring team;

- extracts from an interview with a shepherd conelddy Anne-Marie Siméon for the

newspapeBud-Ouest3 November 2005;

- extracts taken from a website (www.pyrénees-ginsrcom), which promotes different

aspects of the Pyrenees. In these extracts, acaseat the Centre National de

Recherche Scientifique describes different elemiardsreport for the Ministry of

Ecology and Sustainable Development.

3. A written justification of possible changes afsfgion (reinforcement, withdrawal,

adjustment, etc.) after reading these articles.
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4. Debate
5. A written justification of possible changes afisfgion (reinforcement, withdrawal,
adjustment, etc.) after the debate.

Between sequences B and C (see below), the stugebisced a file consisting of
conflicting articles on the wolves in Mercantoudagiobal warming. They were told to analyze
the social and physical situation in the discou(¥élso is speaking? When? To whom? What are
the stakes?), then to analyze the conflicting asyum(What are the differing points of view? On
what are they based? Which arguments are the mestriant? Is further information necessary
before being able to voice an opinion?). They &k to justify their points of view.

C. During the third sequence, the work on the @warsies in question (wolves and global
warming) was presented orally with the help of pop@&nt presentation. They were also asked
to produce and to comment on a power point a grehialyze a SAQ. The class as a whole was
able to interrupt and interact during this lastussge. The aim of this last part is to identifghié
students transfer the phases of socio-scientifisaring, if they transfer them more easily to the
subject of the wolf (SAQ on a local scale on a teemmilar to that of the reintroduction of the
bears) than to the subject of global warming (SAa@lobal scale), and if their reasoning on
the presence of wolves in Mercantour is similathiir reasoning on the reintroduction of bears
in the Pyrenees. Sadlet al.(2006) observed that pupils transfer their reagpmiore easily to a
theme which is similar to the one used in the tewmrcmaterial. As in all teaching situations, the
didactic, media and social (even professional) remvinent must be taken into account as it can
interfere with the conceptual evolution of the gt which does not occur in a total social
vacuum. Here a didactic environment must be redoAealifferent module, concerning the study
of a local agrifood chain, included two days studysheep-breeding to meet the standards of an
official label in the valley of Baréges in the HasitPyrenees department, during which time the
students met different stakeholders in the locaéphproduction chain. It is important to
underline this, as we shall see that it reinforitedstudent reasoning and positions.

The group’s social representations concerning reimbduced bears

Fewer than 10 bears remained in the Pyrenees betliening of the 1990s, after having
been hunted for several centuries. To save thislptpn, bears from Slovenia were deliberately
reintroduced on several different occasions. Thenaluction of bears in the Pyrenees is a SAQ,

in the sense that the local and national pro-bedraati-bear movements have sometimes clashed
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quite violently on the subject. The media haveroftported on demonstrations and bears
released in the dead of night. Some contests thet8ic, ecological justification for the
reintroduction, of “maintaining biodiversity”, antdis also argued that it has negative socio-
economic repercussions on sheep and cattle bree®limge say that as a predator on sheep, bears
will bring about the disappearance of pastoralisih make the Pyrenean countryside
inaccessible. For others, not enough bears arg beintroduced to maintain the population.
Some argue that bears are primarily vegetariamg@eherries, nuts and roots) or that they eat
mostly ants and that it is not bears but dogsdhatttacking flocks. Some add that since bears
mostly scavenge for their meat, they help to reisthe expansion of epidemics among animals
by consuming sick animals and tainted cadavers®thgain suggest that bears should be
reintroduced along with other key elements of th@sgstem such as the ibex, which has also
disappeared from the Pyrenees. When it comes to-eoconomics, some argue that the image of
the bear will favor the development of the toueisbnomy while others complain that its
presence will drive tourists away.

According to the sociogenetic model of social repreations developed by Moscovici
(1961), we generally find at the origin “an innavatsocial situation, an unknown phenomenon
or a conflict between groups. . . . Comprehensi@Wedge on this subject is impossible as it is
so dispersed (such a situation is qualifiethé@mmation dispersdl(Vidal et al. 2006, p. 19). Due
to apresumptive pressutaked to the need for a better understanding ré\w& phenomenon, a
majority position emerges in the group. Therefigasingon a particular aspect according to the
expectations and leanings of the group. The radoirbon of bears in the Pyrenees generates a
new social situation that disrupts the activitiéthe shepherds and leads to a clash between pro-
bear and anti-bear groups. How do the studenteperthis reintroduction?

In the first response supported by argumentshalstudents declared that they were
against the reintroduction of bears. Three admittdthving been in favor before their meeting
with the anti-bear shepherds. All were convincedh®gse shepherds and accepted their
arguments. The central nucleus of the social reptation of bears in the group seems to be
based on the distinction between the Slovenian &@@iPyrenean bear. We may summarize this
as follows: man fed the Slovenian bears reintroduse they are not naturally frightened. They
are potentially dangerous predators for man andrsres cannot defend their flocks against

them. This is in contradiction with the social regentation of the “authentic” Pyrenean bear that
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flees man. “When we had only real Pyrenean belaeg,ran away at the slightest noise but now
they come back in a matter of minutes” and “It ander makes sense to talk about the man who
saw the bear®

It would appear that the group of students shamemhanon social representation about the
reintroduced bear and the expression of argumegataéiriants on the periphery. The question
becomes a hot controversial issue through empaitiyarsingle category of stakeholders (the
anti-bear shepherds). The social representatiotieeakintroduced bear leads the students to
assume that the reintroduction of bears is intbleran the context of Pyrenean pastoral
activities. While objectivating and anchoring tleeigal representation, they concentrated on one
social group based on specific interests, the gadigepherds. Their socio-cultural origins
determine the way they interpreted the objectntreduced bear”. The agronomic training
prevails for all the students, even those who lditaccalaureate in environmental protection
and management. They made social categorizativ@shepherds (considered to be universally
anti-bear, even though there are groups of pro$iegpherds), the tradesmen of the valley, the
professionals of the tourist sector, the tourists,ecologists and the politicians. They tend to
accentuate the contrast between the interesteséttategories and to ignore the differences
between the shepherds. They only listen to thenaegis of the anti-bear shepherds and
voluntarily ignore any pro-bear arguments. Thewntidg themselves with the anti-bear shepherds
who are against Slovenian bears. It must be saidsgimbolically speaking, the Pyrenean bear,
perhaps because he stands upright, is a myth glodated to man and present in numerous
tales:Le Moussythe Gentleman), Martinourailhat(the vagrant) or evepedescaougarefoot).

In certain tales, he is alleged to have abductetievo

Socio-scientific arguments on the reintroduction obears from a sustainable

development point of view

We examined whether the students based their amgsroa the different operations of
socio-scientific reasoning and if so, how?
Analyzing the inherent complexity of the issueistud

The analysis of sustainable development requirastagration of the economic, social,

cultural, political, and ecological factors. Stutteare faced with a controversial socio-economic-

% This expression referred to anybody who boastedtsibbecause it was considered most unusualgo se
a bear.
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environmental question of a complex nature. Toyaeathe question from a social representation
perspective, it would be necessary to resort gstemic approach in terms of connections,
relationships, and contexts. The students did ithdiglee into consideration the interactions
between the sociological, economic, and environaiehimensions of sustainable development
with a systemic analysis. But the phases of reagoran be broken down for a better analysis
into the socio-economic dimension on the one hawldtlae environmental dimension on the
other.

This breakdown gives a false impression of lingantthe reasoning. It is only the effect of
our presentation. If the students’ reasoning iamgled and interlinked, we cannot identify any
real analysis of the complexity of the issue. Tluelents perform more of an interdisciplinary
analysis than a complex systemic type of analysis.

Two types of environmental reasoning were consediateintroducing bears and increasing
biodiversityversusreintroducing bears and reducing biodiversity. Titet argument can be
illustrated by this quote: “This isn’t sustainaldievelopment but an increase in biodiversity,
conserving a heritage, a local identity.” Howewvanst of the students considered that the
Slovenian bear had nothing to do with the locaitage. The second argument can be illustrated
by the following questions: Is there no better waprotecting the species in the Pyrenees? What
about the bearded vulture or the capercaillie (wgradise)? These species benefit indirectly from
the pastoralism that the bear threatens. Thedégends on it for food, the other for cleared areas
from which it can take off. Would we not be guitif/favoring certain species to the detriment of
others? Sustainable development? But the brownib@at in any danger globally! Where is the
biological evidence that this reintroduction is @egary? The second argument carried the day for
all the students.

Two types of socio-economic arguments were uséatrogluction of bears and destruction
of pastoralisnversusreintroduction of bears and development of towaeivities. The first
argument triumphed. The first argument can betiihtied by the following quote: “It just isn’t
fair on the shepherds; the bears traumatize ahthkit flocks”. The second argument can be
illustrated by the following quotation: “The ide&lmears can be used to promote local products,
it can attract the general public.” However, whiea teasons are analyzed more closely, it may

be seen that the socio-economic repercussions@upaiagory of stakeholders (the anti-bear
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shepherds) were considered to be more importantahg environmental repercussions. The
negative socio-economic consequences were exagderat

The argument was not unfounded but remained sontedidteotomous; the students felt
driven to decide either in favor of or against blear, no one formulated other hypotheses or
more complex alternative questions such as: untiat wonditions might the reintroduction of
bears be possible? How can the impact of the palaottion of bears be evaluated? Their
systemic approach to the question mainly concetimedrganization of life in this Pyrenean
valley, sometimes taken to the level of the regiothe state. In this case it was in order to
criticize the decisions imposed by the region erstate without the involvement of the people of
the valley. But they did not go as far as to suggegs in which such consultation might take
place.
Examining the issue from multiple perspectives

The students analyzed the points of view of theeckht human stakeholders (shepherds,
professionals from the tourist industry, tradesneurists, politicians) and animals (domestic
and wild): “Bears used to be part of the imagehefPyrenees (it’s still widely used). Nowadays,
it is a reality and no one wanted, wants or willhivep accept it because the reintroduction of
bears in the Pyrenees in this fashion condemnbkealtakeholders in the shorter or longer term:
farmers, tourists or local inhabitants.” But theyegconsiderable credence to the point of view of
the farmers and only to farmers who are againsbhéaes.
Skepticisms

The students were very skeptical about the sciemt#ta mentioned in the press reports,
but they did not challenge the experts themsel¥esan’t be true that 70% of a bear’s diet is
made up of berries, it would be obvious if it wéiEney had complete confidence in what the
shepherds said, however, without being at all skalpdibout their arguments. They all accepted
that the Slovenian bear has a different attitudaan, without attempting to verify the source of
this claim or whether it is true. An anecdote rdaby a stakeholder, even at second hand, was
treated as a scientific fact: the fact that one lbame close to men in order to catch animals is
taken as proof that Slovenian bears have fundarheditierent behavior, with the implication
that this must be genetically-baded
Identifying risks

* One can question whether this point of view rev@al unconscious expression of a form of racism
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The students identified the following risks whichthem appeared to form a causative
chain: bears attack sheep which causes a regresfsp@storalism which causes the countryside
to return to a wild state which increases the oiskre and a reduction in biodiversity which
makes the countryside less attractive to touriteears come back then that's the end of
pastoralism, the countryside returns to the wild e danger of fire increases. Is that
sustainable?” Bears are going to attack peopleistsun particular. “Local people are already
afraid to go up into the mountains and the prohkesven more serious for mountaineers.” The
students seem to have no doubts on the matter. ddhagt express uncertainty. However, in
these complex systems, there are numerous souraasertainty. Some of these sources can be
reduced with further data and research; othersatdye) above all in socio-ecological systems,
such as the case we are dealing with here. Iriyphesof situation, some irreversibility can occur.
This is, above all, what the students perceive.

Stating values explicitly

The students expressed their feelings about howtteep must suffer, associating this with
the sufferings of the shepherds. The shepherdtamierate the sufferings endured by their
animals. The relationship between farmer and farmmal is ambiguous, complex and
paradoxical and is indeed the object of socioldgesearch around the idea of “shared
suffering” (Porcher 2002). Porcher makes a distmcbetween breeders and producers. The
latter practice intensive breeding inside buildiagsl produce “animal material” for the agrifood
chain; their relationship with the animals is reeldito one of power in an atmosphere of cold
indifference. In the breeders’ representationsyéfationship with their animals is a “giving”
one: they give to the animals by ensuring theitgmtoon and their food; the slaughtering of the
animals is their legitimate reward. This “givinglationship is destroyed in industrial farms. In
the context of Pyrenean pastoralism, it is thedees the shepherds who look after the flocks.
They accept their animals’ deaths as the purposieeafprofession, as long as they have
respected and protected their animals. The anithatsform part of their family heritage; they
are an integral part of their identity as breed&he breeder cannot tolerate the idea of his
animals being massacred by bears, or State repagises when there is a risk of an epidemic
(Porcher 2007). The students analyzed the reldtiprizetween farmers and domestic animals but
not the relationship between man and endangeretanimal species. On the other hand, they

did not consider biodiversity to be a justifiabkdwe.
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This situation will have serious psychological acemsences on the shepherds who may lose
their situations. “It's very hard on the shephgodgchologically: they’ll all have to leave the
valleys one after the other.” “It's dangerous foe inhabitants, tourists, all those who play a role
in the life of these Pyrenean valleys.” “This igithwork, this is how they make their living
(farming).” The students complained about the veaal people were not consulted. “This is a
decision made in high places taken without consglliocal people.” “It's an unbearable
imposition: it's barefaced dictatorship.” The stotkecall for adialogic democracyAccording to
them, this mode of governance should prevail duttiegdefinition of the code of action of the
sustainable development.

The impact of the extracts from opposing texts

The extracts from opposing texts had no impachercentral argument and the rejection of
the reintroduction of bears. The students admitteslight changes in their point of view after
reading the texts. For instance, where one arguéalor of introducing other species at the same
time: “The bear should be reintroduced at the stéime as other animals such as izzards that
interact with bears in the same biotope.” Anothgpased this idea on behalf of the shepherds:
“If they were all to be reintroduced (the izzafag twolf, the lynx), how much room would be left
for farmers?” One student recognized the fact noeetl in the extracts that pastoralism was
already in decline before the reintroduction ofrsea
Sustainable development understood on the scadavm holding

The students focus their analysis of sustainableldpment on the level of the
organization of the farm holding and neither onltwal level including all categories of actors,
nor on the regional or national level. A sustaieaiakm holding is viable, liveable, transmissible
and reproducible (Landais 1998). According to Lasidahen referring to the sustainability of
the development of farm holdings we can say theestling as is said about the reproduction of
any open system: it is the result of the way thfanteracts with its environment, in the
broadest sense of the term.

He organizes these interactions under four maidihga (Figure 5): (a) economic
interaction relating to the market; (b) social ratgion relating to the integration of farmers and
their families into the mainly local non-commerangtworks, relations with other farmers as
with all the other social actors; (c) bonding begwgenerations which is a particular dimension

of social interaction singled out by Landais beeatiselates both to one of the foundations of the
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family farming system, the passing down of farnmgrfrone generation to another within the
family and to the ideal of solidarity between gextiems which is at the heart of the definition of
sustainable development; and (d) ecological orrenmental interaction, finally, relating to the
connection between the farming activity and theueses and natural habitats with long-term

renewal of natural resources as the main challenge.

INSERT Figure5

Figure 5: The four pillars of the sustainabilityfafms (according to Landais)

These students are worried about\tability of the Pyrenean farms. Thigbility is
partially linked to making secure the system ofduation that “relies on its techno-economic
results but also on the global qualities suchsaautonomy, its more or less diversified character,
its flexibility and its sensitivity to all kinds afnforeseen events.” The situation of the shepherds
faced with the reintroduction of the bear is psyopmally unbearable for them. Still according
to Landais, thdiveability reveals the quality of life of the farmer and rasiily, which depends
particularly on the “mental burden related to thdity to master the functioning of the system,
and to come to terms with the risks incurred, thess, the workload, the obligations, the
hardness, and conditions of work, the physicakrigkcertain cases.” Theansmissibilityof
these farms preoccupies the students, not, ateis thfe case, because of the financial problems
of succession related to the buying back of fixeskss, but quite simply because these farms will
no longer be viable. Finally for them, the envir@mtalreproductivityis in danger because of
the abandonment of the land associated with thegdearance of pastoralism, but also with rural

tourism.
Transfer of reasoning to the themes of the wolf iMercantour and global

warming

The wolf was hunted and had completely disappefaosa France reappeared in the
Mercantour mountains, south of the Alps. The cutyarbserved return was said to be the result
of a “natural” migration of wolves crossing the der from lItaly (Figure 6). As with the bears in
the Pyrenees, the presence of the wolf is chalttbgeshepherds and defended by

environmentalists.
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INSERT Figure6
Figure 6: Wolves “naturally” migrated into the Mantour mountains coming from ltaly,

whereas the bears were transported into the Pysdraea Slovenia.

Comparison of the reasoning on the reintroductibthe bear and the presence of the wolf in
Mercantour

Some arguments about the wolf and the bear aréasjrathers are different. First, students
develop an interdisciplinary analysis of the preseof the wolf in Mercantour. Faced with
guestions on the wolf and the bear, the studeatadk drift towards a hypertrophy of the
ecological sensitivity of sustainable developmdihey identify with the local shepherds and
have empathy with their concerns. They criticize ithodalities of governance that dominate:
institutional decisions are not discussed with lectors; they are imposed “from above” (they
even use the expression top-down borrowed from dwoeilogy classes to define a research
method). They highlight the question of the futafgastoralism. This activity is already in
decline; the bears and the wolves will help firisbff altogether. In their view, this questiontcs
be linked to the decisions taken at the level ef@mmmon Agricultural Policy.

The positive impact on biodiversity is considered& predominant as far the wolf is
concerned. But, they wonder about the prey/predstance: “In the end the number of
ungulates will increase further as the wolf popolagrows, because wolves eat more sheep than
ungulates.” “An increase in the wolf populationiwégulate the number of ungulates.” They
admit that, as a predator of sick animals, the waf have an impact on natural selection. They
clearly expose the lack of research to back tilsisasip. Whereas they challenge the available
information on the bear’s diet, they ask questminsut the diet and the feeding habits of the
wolf. Instead of being skeptical about the possibased information, they display scientific
doubts. They consider that the presence of the mvaif have a positive impact on tourism, which
is not the case with the reintroduction of the beaen though they make a careful analysis of the
symbolism attached to the wolf based on psychobbgitudies on théear of the wolf as an
archetypal emotioriThey admit that the wolf has a scapegoat statuasbgciating it with the
devil, it is a symbol of evil that must be destrdye rid ourselves of a fear of divine wrath or to

compensate for collective anxiety. One studentesrit
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Fear of the wolf is archaic; it goes back to ancignes. . . . A realm of fantasy has
developed around the wolf leaving little scoperttional analysis . . . Its negative
image is largely inflated. It remains an animak tmaist unburden itself (sic!) of quite a
reputation which it has dragged along since thdiolds. It should not be subjected to a
rash “witch-hunt”. For, even if religious obscunant is out of place today, its image
remains voluntarily associated with “evil”.

Here, the students admit that the wolf is a scapieigo the problems of pastoralism that have

nothing to do with the animal.

The question of human safety is broached in a fonesally different way: the wolf is
afraid of man, so despite thacestral feaof the wolf, it does not attack man; on the othemd
as we have seen above, the reintroduced Sloveramsnot afraid of man, does not run away
from him and can attack. In addition, for them, temtroduction of the bear has required
unacceptably high levels of financial investmerteweas the wolf came of his own accord,
obviously without generating any need for finanai@lestment. But, in fact the essential
controversy here is connected to the one surrogrttie bear. What if the wolf had not returned
naturally after 70 years of absence, what if it badn reintroduced? The students debated this
issue often raised by shepherds in Mercantous.libked to the Bern Convention of 1979, which
would correspond to the re- emergence of the wdMlercantour. This convention aims to
ensure the conservation of the wildlife and theiradthabitats of Europe by way of cooperation
between states. In this convention, wildlife cagéis a natural heritage of great value that must
be protected and transmitted to future generati®keptics believe that this simultaneity is not
just a coincidence and that it covers up a volynteintroduction of the wolf. The students
discuss, amongst themselves, the verification ®fatblf's natural return by way of DNA tests,
certifying the Italian origin of the wolf. The eedce is debatable: after all, there could have been
a voluntary reintroduction of wolves of Italian gin.

Ultimately, the students’ position on these two SAQdifferent. Cohabitation is possible
with the wolf but impossible with the bear, eveough in both these cases, the shepherd’s point
of view dominates in the students’ arguments. Tredyse the straightforward transfer of the
argument that breeders and wolves live togethdrowitdifficulty in Italy. In fact, on the Italian
side, sheep are reared for milk; the animals alieechiand monitored on a daily basis, which is

not the case on the French side where they ared éar meat. On both these SAQs, they
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criticize the media for developing ecological argunts at the expense of sociological and
zootechnical arguments.
Comparison of reasoning on local or global SAQs
The students applied systemic reasoning to the thA€)s considered (wolf, bear, and

global warming) and identify the risks. It is ordy the issue of the reintroduction of the bear that
they fail to evoke a single doubt. The studentsycant a metacognitive analysis of global
warming. They explain the evolution of their knodde and shift in their questioning. They were
not able to do this when working on the questidithe wolf and the bear because they were
emotionally and culturally involved in the issu&beir points of view, on these local SAQs, were
strengthened and not shaken by the teaching aesivised. On the subject of global warming,
they admitted that before working on it, they hddeaen convinced by the media that it existed,
that its anthropogenic cause was linked mainly®@a &nissions and that it was necessary to take
political measures to reduce greenhouse gas emsssibey believed that the controversy was
focused more on the type of actions to be takenoarttie assessment of the scope of the
phenomenon in the future.

At the outset of my documentary research, my fgehas that ultimately the causes of

global warming are well known and that the pointonftroversy lies solely in the

actions to be taken concerning greenhouse gasienmsgsghat is to say the management

and consumption of fossil fuels. When refining mgrly | realized that there is not only

a difference of opinion on the very notion of glbb@rming itself and on the

determination of its causes, but also on the ass&#sof the consequences.

To my mind, the anthropogenic causes of global wagrnwere obvious. Indeed, before

this work, my standpoint was clearly defined by medfluence and by what I'd read.

It even seemed astonishing to me that these caos&tbe questioned. However, |

became aware that valid theories were put forwlarsl.interesting to be able to

challenge concepts and propose a set of assumpdi@nge everyone the possibility to

think things over for themselves. Faced with thgchelogical weight of the question of

anthropogenic global warming on all of us,it iss®a&ing to be able to get slightly in

the way of the declared certainties. Having saig| there is no doubt in my mind that

we need to take the necessary measures to avaidréasing the phenomenon.
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Students discovered different levels of controw=sglobal warming versus climate
change, anthropogenic causes versus natural cangesticular those linked to solar activity),
and the impact or non-impact of the reduction ob€Rissions. As noted in the introduction, one
characteristic of SAQs lies in the difference oinign amongst scientific experts, another resides
in the fact that there are different categoriesymhbolic producers (associations, citizens,
professionals). In the framework of global warmisgme voices (minorities) are raised to
denounce the “factory of scientific consensus” witthe IPCC (International Panel on Climate
Change) that aims to cover up clashing interpi@tat(Albe 2007).

Whereas for some, the decreasing volumes of iteeifPolar Regions are proof of the
accelerated global warming in progress (and stgqlictures back this up), for others, the
different observations made in the Arctic and i Antarctic seem to indicate a different climatic
modification in the two hemispheres. A certain nemaf climatologists question the
modelizations offered by IPCC experts and would tkher hypotheses to be envisaged by
considering for example, alongside g¥missions, the impact of water vapor, which isrttaen
greenhouse gas (representing 60% of the atmospjreeahouse effect).

In France, within the framework of the “Grenell@pén debate) on the environment in
October 2007, observers regretted that the issg®bél warming took up so much more of the
debate than other issues, particularly the issug\dDs. One analysis used to justify the
emphasis placed on this question was the forceiefsfic consensus characterized by a unified
voice on the matter, the IPCC, and a unit of actibe rate of C& as opposed to the polyphony
of analyses on the impact of GMOs, on biodiversitypn how to measure the latter. But, for
other scientists, the conclusions of the IPCC @oedned down. The students succeed in
identifying the controversies underlying the widelgdiatized consensus on global warming.

Not only do students apply systemic reasoning dbalwarming, they have also become
aware of the difficulty in analyzing the climateesttifically because of the important role played
by the chaos theory in this domain. If one studsmqiains where the origins of the confusions
may lie: “There is a risk of confusing the diffetéarms used on the subject. We easily mix up
global warming and climate change, the natural phemon of the greenhouse effect and
greenhouse gas emissions.” Another student reteataisconception: “Greenhouse gases
damage the ozone layer, it's the hole in the ozayer that causes an increase in the temperature

of the globe.” It is when considering the SAQ ablghl warming that they display the greatest
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number of uncertainties. “Determining whether thedifications are solely due to human
activity is a very doubtful task.” “On the otherrth one thing is certain, climatology is a
complex science, where it is difficult to predieetfuture; the quantity of factors contributing to
the climate, render the predictions invalid.” “Té@mplexity of climate science. Numerous
factors participate in the change in temperatwseka( radiation, water vapor) and make it
difficult to draw precise conclusions.”

When analyzing the results of the IPCC, this saiméesnt remarks that the IPCC puts
scientific uncertainty into perspective: “If thaseany doubt within the IPCC, it concerns the
change in the global economy, which can introdueegms of error. However, for them, the
scientific uncertainty related to the complexitytioé issue is less important. The students also
identify the need for further research:

People like Claude Allegre [education minister 298000] accord a certain questioning
of the reality of the subject which appears to batality. Indeed, perhaps our
knowledge of the subject is still too restricted ave must try and gain a better
understanding in order to anticipate and react rafieetively to the possible changes.
It is also a case of being less narrow-minded &adlenging the elements we thought
were established facts.

Overall, four aspects can be distinguished in thdests’ reasoning on the local SAQs
(bear and wolf) and the global SAQ (global warmir{g) the mode of governance and the
impact of politics, (b) the evaluation of expertiég) the consideration of the different actors and
contexts, and (d) the degree of identification veigintain categories of actors. Despite the famous
sustainable development slogan “act locally, thghdbally”, the students did not consider in the
same way the question of the mode of governanceailitctal discernment concerning these
local and global SAQs. In the case of local SA@s,students denounced the absence of
consultation on a local level; it is the “act ldgatonsultation on the local level” that mattdrs.
the case of global warming, it is the “think gldgathat dominates; the “act locally” is not
developed. The students call for a worldwide styatéut ultimately, in their discourse,
worldwide only concerns western countries. The Ky@totocol is at the heart of political
argument.

Thus, they do not support the discourse of StattSullivan (2000) for whom global

warming is a myth invented in 1988 to replace tliefears surrounding the confrontation of the
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two super powers and it is in line with the 1972ICbf Rome and other neo-Malthusian fears.
One student writes: “For sure, these authors dgtatthck the Kyoto Protocol, insinuating that it
diverts our attention from what is human natureability. But isn’t the protocol just a
political means to make us change our habits ieram be better adapted to natural constraints?”
The students link politics and economics:
It is precisely at this point that the purely stignissue takes on a political aspect.
Indeed, global warming, if it is caused by man,iobsly calls his activities into
guestion. Notably, some very lucrative activitiestsas oil production, the car industry
... are the first to be singled out as shamdfé faked reports issued by oil companies
on global warming, the non-ratification of the Kgd®rotocol by countries who
organize wars over oil production are all factg thay reveal to us the stakes involved
in justifying a certain skepticism towards globalming.

The students also demonstrate skepticism towasdsmtbrmation available. In the cases of
the bear and the wolf, they challenged the validftthe expertise and not the integrity of the
experts; in the case of global warming, they trgdita understand the differing arguments of
experts from the scientific world. But they alssmsumler dishonest manipulation of the expertise,
due to the financial interests. “False studiesfiagnced to confirm the population’s belief in a
strictly natural phenomenon . . . the oil group &xMobil's methods of disinformation. Similarly
the Bush Administration in 2005, allegedly censureskarch carried out by NASA.”

Clearly, in the case of the wolf and the bear stivelents favor the opinions of the
shepherds and the context of pastoralism. In tke ohglobal warming, a consideration of the
different actors and contexts is not developedyThek “globally”. They do not become
emotionally involved, nor do they identify with tiparticular actors. They focus on “future
generations”. Only one of them, while broachingidseies of bio-fuel production, the increase in
biomass through photosynthesis thanks to an inelieathe rate of Cg) the impact of drought on
crops and parasites, relates the question to therfg world and even to the Common
Agricultural Policy. Apart from the analysis of entific controversies and therefore the mention

of the scientists’ opinions, they only take inte@ant superficially the oil companies’ interests.

Table 1: Comparison of the socio-scientific reasgrdoncerning the three SAQs considered

SAQ Bears Wolves Global Warming
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Spatial scale Local Local

Systemic ++ ++

approach of SD

Examining the+++ but by ovel +++

issue fromexpression andexpression
different identification with theidentification with the
perspectives shepherds shepherds
Need for more- +
research
Scepticism + +
Identification of risks ++ ++
Identification of - +

uncertainty

Consideration of thet++ +++
values Affect breeder/ Affect
animal reared animal reared

Psychological prict Psychological
(job loss) (job loss)

Type of governancer++ S+

and place given tdemand for ¢ Demand

Global

++

by over+ Mainly that of the

andscientific experts

+++

++

++

+++

+

breeder/Solidarity  betweel

generations

price

+

aRespect of the Kyoto

politics participative form o participative form of Protocol

governance governance

Criticism of the “top Criticism of the “top
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down” policy of the down” policy of the
CAP. CAP.

Note: The operations in italics correspond to sacientific reasoning as defined by Sadler et al.
(2006).

Analysis of the analytical grids for socio-scientit reasoning
At the end of this training course, the studentgppsed some analytical grids for SAQs.

They were designed in different ways. One is basesketting up a debate, another one on
systemic simplification; the others were elaboraierdhe basis of a series of operations to be
carried out. Here are some examples of the griasatte significant to these latter propositions.
Grid1:

- Immersion into the environment essential to begth (as it was specified orally ‘to

achieve obijectivity’)

- Consideration of all the possible arguments

- Reassure oneself of the pertinence of the argtsesmoked

- Understand the stakes for each type of actor

- Consider the media, political and societal stakes

- Define the framework of the issue, the differstatkes (scientific, economic, social, etc.),
the different actors concerned

- Analyze the points of view of the actors concerne the media

- In which context?

- Analyze the arguments

- Go back over the line of argument after being amsed in the different arguments

- Research for documents relating to the issuamdh

- Study of the context and of the controversy

- Sorting the articles according to the points iefwexpressed

- Study of the articles (as it was specified orahythe most neutral way possible’)
- Selection of the most pertinent articles

- Consideration of the different points of viewdrder to take a stand.
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In these grids, we find the key elements to comdmlethe students: the context, the stakes,
the media, the points of view of the different asfahe pertinence rather than the validity. We
think it is interesting to comment in particular thre following grid, designed by two students:

- Analysis of the ambiguity of data open to intetption by the different parties

- Analysis of the personal involvement of the astooncerned by the debate, which often
makes it difficult to consider the situation objeety and exchange ideas

- The need to multiply the different sources ta@erour critical thinking

- Debate too often carried on by experts leavitielroom for discussions with ordinary
citizens

The awareness of the specific nature of SAQs mdtized by way of this last analytical
grid. Beyond the fact that experts using differoretical frameworks can interpret data
differently, they expose the potential for mislewginterpretation or at least one that is biased by
the protagonists’ interests or convictions. Ithe social and argumentative use of the data that is
challenged, more so than its epistemic value. Thas#ents recognize the importance of the
personal involvement of the actors; this identiiima is the first step towards making a detached
analysis of the discourses. And finally they puwitlinger on the need for a peer extended
community of post normal science to allow discussigth ordinary citizens. The socio-scientific
guestions debated from a sustainable developmespgxive come into the domain of post
normal science defined by Funtowitcz and Ravet83)@s a science with important links to
human needs, a bearer of huge uncertainties, tagess and values, requiring urgent decision-
making. The social dimension of the sciences ishasized in postnormal science. These authors
do not defend an absolute form of relativism, Ingtst on the fact that the processes of decision-
making in post normal science must include opeloggwith all concerned parties. They
introduce the notion of “peer extended communityi's advisable for them to weigh up the
societal consequences of the alternatives.

Conclusion

During this training course conceived from the edion for sustainable development
perspective, we observed that the students’ soepaesentations of bears and the socio-scientific
reasoning of the students was far more stronglyemniced by their meetings with stakeholders in
this real life situation than by the study of dagcshowing environmental, economic and social

arguments for both sides of the case. It was oosgible to analyze the way the students justify
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their positions by taking into account the full text of the training course and the socio-cultural
backgrounds of the students. A real-life situatieinforced the way the students got involved in
the question, but at the same time, led to theimndakn exaggeratedly emotional position.
Teaching a SAQ from an education for sustainableldpment perspective requires an
interdisciplinary approach based at least on theethonsiderations required for sustainable
development: the environment, society, and econariiiat, as we have seen, it was necessary
here to complement these parameters by addingaétind political dimensions. We extended
the socio-scientific reasoning model suggestedduies et al. (2006) based on four desirable
operations (recognizing the inherent complexityhef issue studied, examining the issue from
multiple perspectives, appreciating that the isswgeibject to ongoing inquiry and exhibiting
skepticism when presented potentially biased in&diom) by adding two operations: identifying
the risks and uncertainties and taking into acctlumivalues (values possibly influenced by the
culture, the society, or the media) or ethical giptes underlying the way decisions are taken.
We observed that the students did not perform tperations: they did not perceive that the
guestion required further research and they diddesttify uncertainties. By accepting the
established position of the anti-bear shepherdsnf@xng the issue from multiple perspectives
and exhibiting skepticism when presented potentlaithsed information), two operations were
performed only partially.

Globally, the students’ pattern of reasoning onisisees of the bear and the wolf is similar,
with the exception of two operations that are rroulght into play concerning the wolf: the need
for further research and the identification of utaiaties. If we compare the reasoning on these
two local SAQs to the reasoning developed on tlestpn of global warming, the essential
differences concern the place held by the emotidimaénsion and the importance of the desired
participatory governance. The education for suatadmdevelopment viewpoint seems to require
extending the socio-scientific reasoning to thetjoal field; it is not only a matter of examining
the question from different points of view but atdanalyzing the social organization and the
participation of stakeholders in the decisionsihecessary to analyze how well collective (or
indeed institutional) decisionmaking meshes wittvidual decision-making and how well
overall organization (national or global) meshéthocal organization . Various social actors

seek new modes of governance in which the congitaf the individuals concerned is
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fundamental to institutional decision-making. Hesefind the notion of the peer extended
community of post-normal science.

Depending on the issues dealt with, it is wortlormporating into the socio-scientific
reasoning a consideration of the different scaesial (individual/collective while integrating
the importance of politics), temporal (short/medilomg term), and spatial
(local/regional/global), as Audigier suggests, witthe framework of education for sustainable
development. Consequently, we suggest completisgeasoning with four operations: (a) the
identification of the risks and uncertainties; g research and evaluation of the knowledge
produced by non-academic producers of knowledggdpsional groups, associations,
consumers), Bourdieu’s other symbolic producernsthie consideration of the values (potential
values marked by cultural, societal or media eldés)esr ethical principles which influence
opinions; and (d) the analysis of the modes of guumgce and the balance of power in the local
or global orientations.

In this study, we observe that the greater theipridx between the question considered
and the students—a local issue in which they apdicaited because of their socio-cultural
origins—the lower the level of scientific learnifgitical analysis of their ideas, knowledge
appropriation, socio-epistemological thinking abtig knowledge involved, reasoning). The
over expression of the affect wins over on the iBgt sometimes mobilizing the affect actually
encourages the search for scientific counter argtsria order to refute the differing opinions.
This was the case in the analysis carried outiimgdez-Aleixandre (2006) of the scientific
learning of Galician pupils confronted with thelsimg of thePrestigeand the resulting oil slick.
In these apparently contradictory results, we thmlimprinting of values on learning. If the
situation presented to the students contradicis slgstem of values, the affect can hinder critical
reasoning, blind them, and build resistance; ifyéweer, it allows them to defend socio-cultural
positions, it stimulates critical analysis.

How can we achieve the correct distance to fostaivation, the emergence of a need for
scientific and social knowledge on which it is aggoiate to apply a critical analysis, a
detachment from the a priori? On the local questi@none closest to the students, there was a
rejection of the differing arguments presentechmtexts. On the global question, we saw an
often very fine analysis of the articles and thetcadictory arguments and a detachment from

prior conceptions.
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Although contextualization is supposed to improaded cognition and encourage
scientific learning by giving a meaning to scieistéinowledge, we have seen here the limits of a
local contextualization that involves students nmach. Nevertheless, the analysis of local or
global socio-scientific questions from a sustairabéwpoint may foster the integrated
mobilization of interdisciplinary concepts and ea@ge the scientific citizenship of the students.
Education for sustainable development should atlewdevelopment of critical thought. In
critical theory, the goals of efficiency or techogical progress justifying all the means involved
must not be given priority over democracy, and atloo plays a central role in social
transformation. We can then refer to the argumemtatf Jimenez-Aleixandre and Erduran (in
press). Jimenez-Aleixandre and Erduran—consistéhtthe position of Carr and Kemmis
(1986)—oppose critical rationality and technicdlawmality; based on the latter, all problems
have a technical solution and individuals do nateh@ apply their thinking to control the world.
Thanks to the development of critical rationalttye issue in question for education for
sustainable development has become one of empowewhéh targets the capacity of the
students to transform society. We link, then, sitfierdemocratization, problematization, and
action.

We believe that this research should be pursuedder to pin down the specific
characteristics of socio-scientific reasoning frameducation for sustainable development
viewpoint and to study more deeply the relationdigéfween the way situations are stated or
problematized and actions.

Inspired by Tozzi (2001), J. Simonneaux (2006)defmed four didactic methods for
analyzing teaching practices concerning sustaindelopment, each paradigm having a
specific learning objective: (a) the historical hd stresses teaching the way the concept first
arose and evolved; (b) the doctrinal method comsidew individuals adopt the principles of
sustainable development; (c) the problematizingoefocuses on identifying the various points
of view; and (d) how they are defended while thexpplogical method seeks to favor sustainable
development behavior. This training situation islarstration of the problematizing method. L.
Simonneaux defines within this logic, four methéaisteaching SAQs: (a) a genetic method
based on the construction (by different producéisiowledge) of disputed knowledge on

SAQs; (b) a doctrinal method based on the adherenethical, political or economic principles;
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(c) a problematizing method based on socio-sciengasoning; and (d) a praxeological method
seeking to foster attitudes, involvement in action.

The last two methods of these frameworks are na¢ssarily exclusive. For Fleury and
Fabre (2003), the main thing when teaching probtaai@on is to set in motion, not a search for
data of a documentary type, but rather a searcthéomeaning of data involving argumentation
activities. Teaching problematization calls foriftking beyond” the praxeological standpoint. It
is an approach that enables the identificatiomefossibilities of action. The training situation
of the degree students analyzed here, was seting the problematizing method. It therefore is
clear that an authentic local issue entailing ‘tmach” involvement can limit learning and critical
thought, we may wonder whether this risk is noteased within the framework of a
praxeological method. The first question is to datee what the educational system expects and
sets as learning goals: appropriation of sciendgifipluridisciplinary knowledge, construction of
socio-scientific reasoning, construction of opirsanr attitudes. The second is to define the
teaching methods to be used and to evaluate (bytobthis stage) their efficiency. Crossing the
frameworks proposed by J. Simonneaux on educatiosustainable development and L.
Simonneaux on the teaching of SAQs, may enable ardlyze the teaching practices of a SAQ
within the perspective of sustainable development.
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