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Sciences du système Terre
● Fondées après la guerre sur la reconnaissance de 

l’importance du vivant sur l’environnement chimique et 
physique de la Terre

● La Terre fonctionne comme un système unique, complexe, 
adaptatif gouverné par des interactions entre énergie, 
matière et organismes

● Mise en lien des disciplines traditionnelles (fonctionnement 
en silo et/ou principe réductionniste)



  

Origine des SST : avant 1970
● Précurseurs : ex. James Hutton (1788, Theory of the Earth), Humbold, Vernadksy 

(1926, The Biosphere)
● Contexte guerre froide : développement de la géophysique, avec aussi des moyens 

militaires 
● Objectif : Compréhension intégrée de la géosphère (glaciologie, océanographie, 

météorologie en particulier)
● On enrichi alors les approches interprétative et qualitatives classiques de terrains 

par l’usage d’instruments, du monitoring de différentes variables et de modèles 
numériques.

● Amène à :
– La climatologie moderne
– La tectonique des plaques



  

Début des années 70
● Développement d’une forte sensibilisation à 

l’environnement
– rapport de Rome 1972
– J. Lovelock – Gaïa 1972

● Prise en compte de l’influence du vivant sur 
l’environnement global

● Prise en compte de l’interdépendance et des 
feedbacks



  

Années 80
● Besoin d’une nouvelle science de la Terre sur la 

base du constat de l’impact humain (ozone et 
climat)

● A la NASA, création du programme Earth 
Système science en 1983



  

Années 80

La NASA produit le diagramme de Bretherton en 1986 

● 3 humain forcings
● De recherches 

interdisciplinaires à 
transdisciplinaires



  

Années 90 et 2000
● Création de l’IGPB (international geosphere-biosphere 

programm)
● Création de DIVERSITAS (étude de la biodiversité, 

perte et changement)
● Fin des années 90, Schnellnhuber développe 2 idées :

– Co-évolution dynamique entre la nature et les humains
– Que cette co-évolution pourrait amener des changements 

non pas linéaires mais très rapides et irréversibles



  

Années 90 et 2000
● l’IGPB définit le terme Système Terre comme 

étant l'ensemble des processus physiques, 
chimiques, biologiques chimiques, biologiques 
et humains interconnectés qui (transport et 
transformation) des matières et de l'énergie de 
manière complexe et dynamique au sein du 
système



  

2001 Publication de 
La déclaration 
d’Amsterdam



  

Steffen, W., Richardson, K., Rockström, J. et al. 
The emergence and evolution of Earth System Science.

Nat Rev Earth Environ 1, 54–63 (2020).



  

L’Anthropocene
● Notion issue des SST
● 2 significations:

– Dans le contexte des SST, comme la trajectoire extrêmement 
rapide du système hors des conditions relativement stable de 
l’Holocène

– Proposition d’une nouvelle époque dans l’échelle des temps 
géologiques

● Changements globaux significatifs au regard de 
l’histoire de la Terre



  

Time crossing

Désorienteur 
temporel

Marie Velardi



1400 1500 1600 1700 18001300 1900 2000

Analogism Naturalism

Anthropology : during 
Modernity, new 
myths on our relation 
to the environment

Continuities and discontinuities between man and environment
Descola, Philippe (2013). Beyond Nature and Culture. University of Chicago Press. 

Middle Age Modernity

Humanités environnementales



1400 1500 1600 1700 18001300 1900 2000

Analogism Naturalism

Nature as a machine
(determined with fixed rules)

Middle Age Modernity

Culture as freedom
(and a kind of right to rule the 

world)Strong Nature/Culture 
dichotomy

Humanités environnementales



  

Temps géologiques et histoire

Gottfried Wilhelm Leibniz
1646-1716 Fernand Braudel

1902-1985

Dipesh Chakrabarty
1948-



Anthropocene ? Scientific Xor political ?
Exclusive disjunction ?



Scientific Xor political ?

Exclusive disjunction ?



  

Naturel ou culturel ???



Development of a digital game in a natural history 
museum based on the metaphor of our relationship 
with natureaSimon Morard, b,aNicolas Kramar, aEric Sanchez, aCatherine Bonnat, a,bGil Oliveiraa LIP/TECFA, Geneva Universityb Nature Museum Valais, Sion, Switzerland

GEOME – A PLAYFUL MUSEUM VISIT 

DIGITAL TRACES ANALYSIS / MIXED METHODOLOGY 

MODELING OF THE PLAYFUL LEARNING EXPERIENCE 

RESULTS 

The game the students actually play and their interactions• During the game, students are merely exclusively focus on thedifferent tasks of the game. They show a great autonomy as theynavigate through the museum and the application used to play.• But despite the apparent students’ engagement, many play a questgame rather than an inquiry game.• Players show a lot of solidarity and information sharing withmembers of other teams, disregarding any form of competition.

The interaction of the students with the museum content:• Digital traces show a great interactions of the students withscenography and items of the Museum. So the game is also away to shed light on items or places badly known in theMuseum.• The gameplays vary depending on the context. We concludethat the players did not have the same learning experience.• Specific game mechanic foster interaction between players

A research project funded by 

GEOME is a mixed-reality game dedicated to school visits in anatural history museum and developed during a design-basedproject. This collaborative and iterative methodology involvessecondary school teachers, researchers, museum scientists andeducators, computer scientists and a designer. This research projectaims to understand the subjectivity of the learning experience fromthe player’s perspective using theoretical frameworks from game-based-learning and epistemological theories (Hofer & Pintrich, 1997 ; Venegas, 2021)

Fig 2: Modeling the Playful Learning Experience (Sanchez, 2022)

Ludicization of museum visits We consider that game design consists of changing the meaning ofthe learning situation so that it becomes playful. This process,named ludicization, also consists of the integration of a learningcontent into a game thanks to its metaphorization, i.e building ametaphor of the knowledge to be learnt by capturing the essenceofthe knowledge to be taught (Djelil et Sanchez, 2022). For GEOME, the mainmetaphor is built on the relationships between humans and nature.

Players are welcomed and challenged by a museumcurator. The game universe isset. 

Players must survive in a valley. They can hunt, domesticate, protect or escape from animals

Players face fake news or controvsersal informations related to environemental issues 

Players discuss their discoveriesand game experience with a museum curator, the metaphoris explained. 

Briefing Gather ressources Solve Enigma Debriefing

Fig 1: Visit and game scenario using mixed-reality game Geome

CONCEPTS - Knowledge and concepts mobilizes by the player :• Critical thinking, personal epistemology or specific knowldege related toenvironemental issuesPERCEPTS - Information the player is confronted to :• Narrative or scenaristic elements forming a game world (Suovuo & al., 2020).• Information provided as enigmas or complex problems, soliciting players’critical thinking (Venegas, 2021).PRECEPTS - Tasks, missions and activities carried out by the player :• Actions are interpretations of the game mechanics (Suovuo et al., 2020) of thechallenge (Ermi & Mayra, 2005) or of the conflict to be solved framed by a set of rules(Smed &Hakonen, 2017).AFFECTS - Emotions felt by the player :• Aesthetics and events of the game (Suovuo et al., 2020) which are likely to triggeremotions or epistemic emotions (D’mello & Graesser, 2012).

Collected data Interactions between students, captured with on-board camera anddigital traces recorded in a database in JSON format allows us tohave a wide understanding of the player's gaming experience.• Chronogram represents selected indicators from our model on atimeline. Each indicator category is represented by colored bars.The succession of bars shows the succession of interactions overtime for a given team.• Categorical analysis of the verbatims based on personalepistemology indicators (Hofer & Pintrich, 1997) at specific moment ofthe game. Fig 3:  Excerpt of a chronogramshowing sequence of interactions Fig 4:  Categorisation of the player’s according to their personal epistemology and ability to process information while solving an enigma

JEU GEOME AU MN



GEOME JEU GEOME AU MN



Exposition itinérante
MN - HEP-VS



Paroles 
d’avenir

Un rapport Homme-
Nature construit par 

la modernité

Passage à 
l’Anthropocène

Repenser sa 
relation au monde

Réflexions 
spontanées

Constructions 
systémiques
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