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RÉSUMÉ

Cette conférence explore les moyens d’innover en pédagogie scientifique en considérant les
conceptions préalables des étudiants, souvent incomplètes ou erronées, comme point de départ
pour l’apprentissage. L’objectif est ensuite de concevoir des interventions pédagogiques basées sur
les principaux modèles du changement conceptuel permettant de comprendre comment les
étudiants modifient ou enrichissent leurs représentations initiales pour construire des savoirs plus
précis et opérationnels. En combinant des approches théoriques et pratiques, la présentation
propose des outils pour identifier ces conceptions et les utiliser pour adapter les enseignements. Des
exemples d’interventions s’appuient sur des stratégies diversifiées issues des principales familles de
modèles du changement conceptuel, et susceptibles de favoriser des apprentissages profonds et
durables. Enfin, des protocoles expérimentaux sont proposés pour rendre compte de l’évolution de
ces conceptions et de la persistance des apprentissages correspondants.
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INTRODUCTION
À PROPOS DE LA REMARQUE DE PATRICE POTVIN
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QUESTION GÉNÉRALE?

Comment enrichir la dimension didactique 
d’un projet de recherche en éducation scientifique?

1 Insatisfaction→ Pourquoi?

2. Intelligibilité→ Aucune connaissance préalable

3. Plausibilité → Est-ce que vous pourriez le faire?

4. Fécondité → Base pour exploration + contribution
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PRÉCURSEURS HISTORIQUES
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PIAGET (1937) – LA NAISSANCE DE L'INTELLIGENCE 
CHEZ L'ENFANT
1. Les mécanismes d'assimilation et d'accommodation

• Assimilation : Intégration de nouvelles informations dans des schémas existants.

• Accommodation : Modification ou création de nouveaux schémas en réponse à des informations qui ne peuvent être 
intégrées dans les schémas existants.

Ces concepts sont similaires aux idées centrales de la théorie du changement conceptuel, où l'apprentissage implique 
une restructuration des concepts pour intégrer des connaissances conflictuelles ou nouvelles.

2. Le rôle du conflit cognitif

Piaget a mis l'accent sur le rôle du déséquilibre ou du conflit cognitif dans le développement. Lorsque les schémas d'un 
individu ne peuvent expliquer une nouvelle expérience, cela crée un déséquilibre qui motive une réorganisation des 
schémas.

Cette idée se retrouve dans la théorie du changement conceptuel, où les apprenants révisent leurs conceptions initiales 
face à des preuves incompatibles ou contradictoires.
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FESTINGER (1957) – A THEORY OF COGNITIVE 
DISSONANCE

• Conflit cognitif : Les deux théories reconnaissent qu’un déséquilibre cognitif (dissonance ou 
conflit) est une condition essentielle pour le changement. Dans la théorie du changement 
conceptuel, ce conflit provient d'une contradiction entre une conception initiale et des 
observations ou informations nouvelles.

• Résolution par réorganisation : Festinger explique que la dissonance est réduite en modifiant 
soit les croyances, soit la perception de la réalité. De la même manière, la théorie du 
changement conceptuel montre que l’apprentissage implique souvent une restructuration 
des connaissances existantes pour les rendre compatibles avec de nouvelles données.
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KUHN (1962) – LA STRUCTURE DES RÉVOLUTIONS 
SCIENTIFIQUES 

Comment se produit le progrès scientifique ?

• Contrairement à l'idée classique de progrès linéaire et cumulatif (chaque découverte 
s'ajoutant aux précédentes), Kuhn questionne si le progrès scientifique est en réalité marqué 
par des ruptures profondes, appelées révolutions scientifiques, où un paradigme est 
remplacé par un autre.

Le progrès scientifique mène-t-il à une vérité absolue ?

• Kuhn remet en question l’idée que la science se rapproche progressivement d’une vérité 
ultime sur le monde. Il se demande si la science est plutôt un processus de reconstruction 
constante des modèles de compréhension.
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Green, E. D. (2016). What are the most-cited publications in 
the social sciences (according to google scholar)? Impact of 
social sciences blog.
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THÉORIE DU CHANGEMENT CONCEPTUEL
SCIENCE NORMALE – CRISE – RÉVOLUTION SCIENTIFIQUE

CONCEPTION PRÉALABLES – CONFLIT COGNITIF – CHANGEMENT CONCEPTUEL
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LE PREMIER MODÈLE DE CHANGEMENT CONCEPTUEL

• Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog, W. A. (1982). 
Accommodation of a scientific conception: Toward a theory of conceptual
change. Science education, 66(2), 211-227.
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Le modèle de changement conceptuel de Posner (1982) 
repose sur l'idée que l'apprentissage, en particulier dans les 
sciences, nécessite parfois un changement radical des 
concepts plutôt qu'une simple accumulation d'informations. 
Ce processus est inspiré des idées de Thomas Kuhn sur les 
révolutions scientifiques.
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QUATRE CONDITIONS NÉCESSAIRES

INSATISFACTION L'apprenant doit percevoir que ses idées actuelles sont inadéquates ou 
inconsistantes face à de nouvelles données ou situations.

INTELLIGIBILITÉ Le nouvel ensemble d'idées ou de conceptions proposé doit être 
intelligible et accessible pour l'apprenant.

PLAUSIBILITÉ Le nouveau concept doit apparaître plausible, cohérent, et capable de 
résoudre les problèmes que l'ancien concept ne pouvait pas expliquer.

FÉCONDITÉ Le concept doit offrir des opportunités d'exploration et d'application, 
montrant son utilité dans des contextes variés.
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PROPOSITIONS D’ENRICHISSEMENT DIDACTIQUE

Identifier des 
conceptions 
préalables

Comparer des 
interventions 
conflictuelles

Expliquer des 
changements 
conceptuels
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IDENTIFIER DES CONCEPTIONS PRÉALABLES
INCOMPLÈTES OU ERRONÉES ET PARFOIS RÉSISTANTES
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LE PREMIER INVENTAIRE DE CONCEPTIONS
(QUESTIONNAIRE À CHOIX MULTIPLES)

• Abou Halloun, I., & Hestenes, D. (1985). Common sense concepts about 
motion. American journal of physics, 53(11), 1056-1065.

• Hestenes, D., Wells, M., & Swackhamer, G. (1992). Force concept 
inventory. The physics teacher, 30(3), 141-158.
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Common sense concepts about motion

Ibrahim Abou Halloun* and David Hestenes

Department of Physics, Arizona State University, Tempe, Arizona 85287

*Now at The Lebanese University

     (Received 1 August 1984; accepted for publication 28 January 1985)

Common sense beliefs of college students about motion and its causes are surveyed and
analyzed. A taxonomy of common sense concepts which conflict with Newtonian
theory is developed as a guide to instruction.

I. INTRODUCTION

In the preceding article1, we established a need for physics instruction which takes the initial

common sense (CS) beliefs of students into account. Other investigators 2-9 have identified
specific CS beliefs that conflict with Newtonian theory and so interfere with physics
instruction. But a more systematic and complete taxonomy of CS beliefs is needed for efficient
instructional design. The purpose of this article is to survey and categorize CS concepts of
motion which should be taken into account in mechanics instruction. We are aiming for a
comprehensive picture of CS concepts which includes the insights of previous investigators as
well as some observations of our own.

In this article we will not attack the difficult problem of designing instruction to
accommodate CS preconceptions. But let us note that CS concepts cannot be avoided in
physics instruction, for common sense is a codification of experience providing meaning to our
natural language. Discourse on physics would be impossible without it. Indeed, physics and
science in general can be regarded as an extension and modification of common sense.
Conventional physics instruction frequently appeals tacitly to common sense knowledge, but
students have trouble when that knowledge is faulty. It is difficult for students to determine
exactly what common sense knowledge is reliable without an explicit critique of CS concepts.
Our survey of CS concepts of motion is intended to provide a basis for such a critique.

CS beliefs which are incompatible with established scientific theory are quickly labeled as
“misconceptions” and dismissed by most scientists. But students are not so easily disabused of
CS beliefs, because their own beliefs are grounded in long personal experience. CS
misconceptions are not arbitrary or trivial mistakes. Indeed, every one of the misconceptions
about motion common among students today was seriously advocated by leading intellectuals

in pre-Newtonian times. Historians10-14 tell us about the long and difficult critique and analysis
of CS beliefs that prepared the way for the “Newtonian revolution”. If the evaluation of
common sense was so difficult for the intellectual giants from Aristotle to Galileo, we should
not be surprised to find that it is a problem for ordinary students today. Accordingly, common
sense beliefs should be treated with genuine respect by instructors. They should be regarded as
serious alternative hypotheses to be evaluated by scientific procedures. This would provide
students with sound reasons for modifying their beliefs beyond the mere authority of teacher
and textbook.

Historians have not failed to observe that the great intellectual struggles of the past provide
valuable insights into the conceptual difficulties of students. Accordingly, they advocate a
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Force Concept Inventory 
 

David Hestenes, Malcolm Wells, and Gregg Swackhamer 
 
Every student begins physics with a well-established system of commonsense 
beliefs about how the physical world works derived from years of  personal 
experience. Over the last decade, physics education research has established that 
these beliefs play a dominant role in introductory physics. Instruction that does 
not take them into account is almost totally ineffective, at least for the majority of 
students.  

Specifically, it has been established that
1
 (1) commonsense beliefs about 

motion and force are incompatible with Newtonian concepts in most respects, (2) 
conventional physics instruction produces little change in these beliefs, and (3) 
this result is independent of the instructor and the mode of instructio n. The 
implications could not be more serious. Since the students have evidently not 
learned the most basic Newtonian concepts, the y must have failed to comprehend 
most of the material in the course. They have been forced to cope with the subject 
by rote memorization of isolated fragments and by carrying out meaningless 
tasks. No wonder so many are repelled! The few who are successful have become 
so by their own devices, the course and the teacher having supplied only the 
opportunity and perhaps inspiration.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table I. Newtonian Concepts in the Inventory.     

     Inventory Item  

0. Kinematics  
  Velocity discriminated from position  20E 
   Acceleration discriminated from  
   velocity  21D 
  Constant acceleration entails  
   parabolic orbit  23D, 24E 
   changing speed  25B  
  Vector addition of velocities  (7E) 
 I. First Law  
  with no force  4B, (6B), 10B 
   velocity direction constant  26B  
   speed constant  8A, 27 A 
  with cancelling forces  18B,28C 
 2. Second Law  
  Impulsive force  (6B), (7E) 
  Constant force implies  
   constant acceleration  24E, 25B 
 3. Third Law  
  for impulsive forces  2E, llE  
  for continuous forces  13A, 14A 
 4. Superposition Principle  

  Vector sum  19B  
  Cancelling forces  (9D), 18B, 28C 
 5. Kinds or Force  
 5S. Solid contact  
  passive   (9D), (12 B,D) 
  Impulsive   15C 
  Friction opposes motion  29C 
  5F. Fluid contact  
  Air resistance  22D 
   buoyant (air pressure)  12D  
 5G. Gravitation  5D, 9D, (12B,D), 
     17C, I8B, 22D  
  acceleration independent of weight  1C, 3A  
  parabolic trajectory  16B, 23D  
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misconceptions along with corresponding Inventory items that suggest their 
presence when selected. They have been grouped into six major commonsense 
categories, which correspond as closely as possible to the six major Newtonian 
concepts (or concept dimensions) in Table I. Each commonsense category 
contains a set of misconceptions about the  corresponding Newtonian concept. It 
will be instructive to discuss each c ategory in turn.  

0. Kinematics 

In kinematics it is not really appropriate to speak of commonsense 
misconceptions. Rather, the typical commonsense concept of motion is vague and 
undifferentiated. Accordingly, as indicated in the Kinematics category in Tables I 
and II, the Inventory probes for the ability to distinguish between position, 
velocity, and acceleration, as well as to recognize the vectorial nature of velocity 
and acceleration. The most rudimentary concept of acceleration is "to know one 
when you see one."  

 

Table II. A Taxonomy of Misconceptions Probed by the Inventory. Presence of the misconceptions 
is suggested by selection of the corresponding I nventory Item.  

  Inventory Item  

0. Kinematics  
Kl. position-velocity undiscriminated 208,C,D  

 K2. velocity-acceleration undiscriminated 20A; 21B,C 
 K3. nonvectorial velocity composition 7C 
1. Impetus  
 I1. impetus supplied by "hit"   9B,C; 22B,C,E; 29D  
 I2. loss/recovery of original impetus  4D; 6C,E; 24A; 26A,D,E  

 I3. impetus dissipation   5A,8,C; 8C; 16C,D; 23E; 27C,E; 29B 

 I4. gradual/delayed impetus build-up  6D; 8B,D; 24D; 29E 

 I5. circular impetus   4A,D; 10A 

2. Active Force  
 AFl. only active agents exert forces  11B; 12B; 13D; 14D; 15A,B; l8D; 22A 
 AF2. motion implies active force   29A  
 AF3. no motion implies no force   12E  
 AF4. velocity proportional to applied force  25A; 28A 
 AF5. acceleration implies increasing force  17B  
 AF6. force causes acceleration to terminal velocity  17A; 25D 
 AF7. active force wears out   25C,E  
3. Action/Reaction Pairs  
 AR1. greater mass implies greater force  2A,D; 11D; 13B; 14B 
 AR2. most active agent produces greatest force  13C; 11D; 14C  
4. Concatenation of Influences  

 CI1.largest force determines motion  l8A,E; 19A  
 CI2. force compromise determines motion  4C, 10D; 16A; 19C,D; 23C; 24C 
 CI3. last force to act determines motion  6A; 7B; 24B; 26C 
5. Other Influences on Motion  
 CF. Centrifugal force   4C,D,E; l0C,D,E  

 Ob. Obstacles exert no force   2C; 9A,B; 12A; 13E; 14E 

 Resistance  

  R1. mass makes things stop  29A,8; 23A,B? 

  R2. motion when force overcomes resistance 28B,D 
  R3. resistance opposes force/impetus  28E 
                Gravity  

  G1. air pressure-assisted gravity  9A; 12C; 17E; 18E 

  G2. gravity intrinsic to mass  5E; 9E; 17D 

  G3. heavier objects fall faster  1A; 3B,D 

  G4. gravity increases as objects fall  5B; 17B  
  G5. gravity acts after impetus wears down  5B; 16D; 23E  
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UN EXEMPLE PLUS RÉCENT
(QUESTIONS OUVERTES ET ENTREVUES)

• Parker, M., Hedgeland, H., Braithwaite, N. S. J., & Jordan, S. E. (2024). GRCI: An 
investigation into the feasibility of a General Relativity Concept 
Inventory. European Journal of Science and Mathematics Education, 12(4), 
489-501.

31



 

European Journal of Science and Mathematics Education, 2024, 12(4), 489-501 

ISSN: 2301-251X (Online)  
 

Copyright © 2024 by authors; licensee EJSME by Bastas. This article is an open access article distributed under the terms 

and conditions of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/). 

 

OPEN ACCESS 

 

GRCI: An investigation into the feasibility of a General 

Relativity Concept Inventory 

Mark A. J. Parker 1* 

 0000-0002-1984-9624 

Holly Hedgeland 2 

 0000-0003-3703-7942 

Nicholas St. J. Braithwaite 3 

 0000-0002-1586-3736 

Sally E. Jordan 1 

 0000-0003-0770-1443 

1 School of Physical Sciences, The Open University, Walton Hall, Milton Keynes, MK7 6AA, UNITED KINGDOM 
2 Clare Hall, University of Cambridge, Herschel Road, Cambridge, CB3 9AL, UNITED KINGDOM 
3 Faculty of Science, Technology, Engineering & Mathematics, The Open University, Walton Hall, Milton Keynes, MK7 6AA, 

UNITED KINGDOM 
* Corresponding author: mark.parker@open.ac.uk  

Citation: Parker, M. A. J., Hedgeland, H., Braithwaite, N. St. J., & Jordan, S. E. (2024). GRCI: An investigation into the feasibility 

of a General Relativity Concept Inventory. European Journal of Science and Mathematics Education, 12(4), 489-501. 

https://doi.org/10.30935/scimath/15018  

ARTICLE INFO  ABSTRACT 

Received: 3 Jun 2024 

Accepted: 25 Jul 2024 

 The study outlines the early-stage development of a free-response General Relativity Concept 

Inventory (GRCI), an educational instrument designed to test for conceptual understanding of 

General Relativity. Data were collected for the study by having 26 participants from General 

Relativity courses work through the questions on the GRCI. Interviews were conducted with four 

of the participants to gain further insight about their experience of working through the GRCI. 

The written responses revealed that participants were proficient when answering questions 

which required mathematical thought processes, but were more limited when answering 

questions which required conceptual and physical thought processes. The interviews revealed 

that participants found that free-response questions were appropriate to test for conceptual 

understanding of General Relativity. Participants identified that General Relativity has physical 

interpretations and mathematical constructs, and both are important to understand the theory. 

Participants thought that the GRCI could be given a formative purpose in a teaching context. The 

study was proof of concept in scope, with the aim of highlighting important points pertaining to 

the feasibility and development of the GRCI. Additional work to further investigate the above 

points highlighted by the study is encouraged. 

Keywords: general relativity, concept inventories, student reaction, conceptual understanding, 

physics education 

INTRODUCTION 

Concept inventories are instruments used in Physics Education Research to measure the conceptual 

understanding of students (Smith & Tanner, 2010) and to investigate the effectiveness of various teaching 

interventions (Porter et al., 2014). This is achieved by getting the students to answer the questions on the 

concept inventory first before instruction, and then a second time after instruction. Comparison of the pre-

instruction and post-instruction scores reveals which concepts students still struggle with after instruction 

Research Article 
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D’AUTRES FORMATS ET MÉTHODES

• Questions d’association

• Questions à deux niveaux (two-tier) 

• Questions à trois niveaux (three-tier)

• Temps de réponses

• Imagerie cérébrale
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Questionnaire phases de la Lune (Version 2019) Élèves Page 2 sur 9 

© Pierre Chastenay & Martin Riopel, UQAM  MÀJ 12 septembre 2022 

1. Les images de gauche montrent différentes phases de la Lune. Les noms de ces mêmes 
phases sont à droite, dans le désordre. À l’aide d’un trait, relie chaque image au nom de la 
phase correspondante. 

 
 

 

 

 

• Premier quartier 

 

 

• Lune gibbeuse 
      décroissante 

 

 

 

• Nouvelle lune 
 

 

 

• Lune décroissante 
ou dernier croissant 
 

 

 

• Lune gibbeuse 
            croissante 

 

 

 

• Lune croissante 
            ou premier croissant 

 

 

 

• Dernier quartier 
 

 
 
 

• Pleine lune 
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Abstract 
 

This article describes the design of a misconception diagnostic test about fire-related phenomena. It proposes a 

new test format in which a certainty-measuring tier has been integrated into each of the true/false response 

choices. This format is argued to be easier for teachers to use than the increasingly popular three-tier format. 

First, we review the available literature about misconception diagnostic tests and then literature about fire-

related misconceptions. We then describe the design process of the test, which was preceded by an interview 

phase. We then describe its administration to 221 secondary school students. We finally present, in an 

explorative and accessible manner, the results that were obtained. These results support the existence of 

previously recorded misconceptions, but also bring certain nuances to some of their previous interpretations. 

They also support the hypothesis according to which some misconceptions are presumed to be more widespread 

than they truly are. Conclusive remarks are formulated about the benefits of the use of our—and other— 

misconception diagnostic tests. 

 

Keywords: Misconceptions, Diagnostic test, Fire, Certainty.  

 

 

Introduction 

 

The Use of Misconception Diagnostic Tests 

 

Successfully teaching for conceptual change in science first requires that teachers know about the existence and 

nature of possible “misconceptions” (DiSessa, 2006; Duit & Treagust, 2003; von Aufschnaiter & Rogge, 2010; 

Vosniadou, 1994) that could potentially interfere with learning. Misconceptions are ideas about how the world 

works that do not conform to scientific knowledge and are therefore considered by specialists as pedagogical 

obstacles. “The origin of these alternative conceptions may be grounded in traditional culture, knowledge, 

environment, economy, medicine, and personal thinking” (Chang, Lee, & Yen, 2010, p. 911). Thus, “identifying 

misconceptions and their causes prior to teaching becomes important in developing lessons that ultimately result 

in the reconceptualization of learning […]” (Arslan, Cigdemoglu, & Modeley, 2012, p. 1668). To do so, 

teachers can get informed through science education literature or, if they have good reasons to believe that their 

particular students are not representative of previously studied learners (Chang et al., 2010; Stavy, Tsamir, 

Tirosh, Lin, & McRobbie, 2006), they can also use available diagnostic tests (Treagust, 1988). When these 

teachers become certain enough about the conceptual state of their students, they can begin preparing lessons 

that will challenge their misconceptions (Posner, Strike, Hewson, & Gertzog, 1982) or make more scientific 

conceptions prevail (Potvin, 2013) over the more naive ones. Thus, “assessment of misconceptions is very 

important for effective science instruction” (Pesman & Eryilmaz, 2010, p. 208). 

 

According to Caleon and Subramanian (2010), “the identification and investigation of alternative conceptions is 

one of the most important tasks in educational research” (p. 940). Therefore, it is not surprising that “over the 

past three decades, diagnostics tests have become a relatively prominent assessment tool in science education 

for data collection concerning the misconceptions on domain-specific knowledge” (Arslan et al., 2012, p. 1670). 

 

The most common type of test for this purpose is the multiple-choice (MC) test. This type of test is very 

interesting for diagnosing misconceptions because of the presence of distractors (incorrect yet tempting choices 

of answers) that correspond to frequent misconceptions. MC tests therefore allow for the assessment of not only 

assimilations (monotonic learning), but also accommodations, because when learners can not only produce a 

correct answer but furthermore resist attractive yet false ones, then we can suggest that their learning has gone 

beyond simple assimilation, or rote learning. Such well-designed tests sometimes allow researchers to see if 

                                                           
*
 Corresponding Author: Patrice Potvin, potvin.patrice@uqam.ca 
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70        Potvin, Skelling-Desmeules & Sy 

Table 3. Distribution percentage of potential “misconceptual” answers for each statement 
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12 The Sun is a true fire. F 60 20 5 8 6 4 

3 Diamonds can burn. T 50 22 16 7 4 4 

20 
Flames go up because they search for oxygen, which is in the air 

and not in the soil. 
F 48 33 8 5 6 5 

45 Fire is a gas. F 45 35 9 3 9 6 

11 Lava is a true fire. F 40 23 6 12 19 5 

57 Lighting a match is absolutely necessary to start a wood fire. F 39 15 1 3 41 6 

13 Fireworks are a true fire. T 38 25 10 18 10 5 

77 The tip of the flame is hotter than the base. T 38 22 20 11 9 7 

74 A bigger fire is always hotter. F 36 25 6 14 19 6 

71 Water can extinguish a fire because it neutralizes the flames. F 35 36 11 7 10 7 

48 
Friction (like rubbing two rocks together) is absolutely 

necessary to start a wood fire. 
F 32 22 5 12 29 7 

23 
At its origin, light from fire came from energy that came from 

the Sun. 
T 30 26 28 10 5 7 

62 Smoke is a part of the cycle of fire. F 28 32 21 9 9 8 

39 Fire is made of matter. F 26 34 18 10 12 6 

60 
Black smoke (instead of whiter smoke) indicates that the fire is 

more intense. 
F 26 29 18 12 14 8 

76 The ember is hotter than the flame. F 26 22 30 14 8 7 

72 
Water can extinguish a fire because it transforms fire into 

smoke. 
F 24 27 10 14 25 6 

2 Metals can burn. T 24 25 12 23 17 5 

65 Smoke contains oxygen. F 24 21 23 16 16 8 

53 
Carbon dioxide (CO2) is absolutely necessary to start a wood 

fire. 
F 21 19 18 13 29 7 

59 Smoke is partially made of steam. T 19 17 19 25 19 7 

 

We believe that the first 10 questions provide valuable hints that possibly betray the presence of 

misconceptions. Not only do they have a lot more “inaccurate but certain” answers than all the other types of 

answers, but they also show more “inaccurate but certain” answers than “inaccurate and uncertain” answers, 

indicating that many students probably hold deeply rooted misconceptions on which they base their answers. 

Indeed, “by definition, misconceptions are strongly held cognitive structures that are not consistent with 

scientific concepts  (Hammer, 1996). This definition can be restated as follows: for a conception held by a 

student to be a misconception, it requires not only being inconsistent with scientific concepts but also being 

strongly advocated by the student” (Pesman & Eryilmaz, 2010, p. 209). 

 

Some of the misconceptions are rather surprising. Of course, we already knew that most students have difficulty 

recognizing that metals or wax can burn (see question 2, hereafter designated [like all other questions] as Q2: 

24% [all percentages presented in this section are for “inaccurate but certain” responses]), but the scores for 

diamonds (Q3: 50%) are much stronger. It might be that students confuse the well-known mechanical strength 

associated with diamonds with other “durability” properties. Students also seem to have significant difficulty 

determining what fire truly is. We already knew that students had trouble recognizing fire as an event (a 

chemical reaction), but they also seem to agree that it is made of matter (Q39: 26%), more precisely a gas (Q45). 

This impressive score (45%) could, however, be an effect of the structure of the questionnaire because it asked 

in a sequence if fire was a liquid, a solid, or a gas (Q43–Q45). Perhaps students felt the need to choose between 

at least one of these three possibilities. However, the association of fire with the idea of gas has already been 

recorded. 

 

Apparently students do not feel strong discomfort identifying the Sun (Q12: a strong 60%) and lava (Q11: 40%) 

as true fires (even though there is obviously no air in space and lava does not produce flames [it is, however, 

incandescent]). It might be that very high temperatures that produce incandescence are hard to accept as not 

being fires. We could also report that common socially shared expressions such as “solar fire” can interfere with 
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COMPARER DES INTERVENTIONS 
CONFLICTUELLES
IL EXISTE PLUSIEURS FAÇONS DE PRODUIRE UN CONFLIT COGNITIF
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DES DÉCISIONS DIDACTIQUES POSSIBLES

Fermer 
les yeux

(Ignorer)

Prendre quelques précautions 
(Prévenir)

Prendre les 
choses en main

(Passer à l’offensive 
« systématique »)
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CONFLIT COGNITIF

État psychologique qui survient 
lorsqu’on prend conscience d’un 
problème de correspondance entre 
une conception préexistante et une 
information nouvelle, une réalité 
observée, ou une conception 
concurrente.



Conception testée

« Plus l'objet est lourd, plus il déplacera d’eau »

Participants

N=94, 6-9 ans

Deux conditions

•Prédiction : Les enfants faisaient une 
prédiction avant de voir le résultat.

•Postdiction : Les enfants voyaient d'abord 
le résultat, puis exprimaient ce qu'ils 
auraient prédit.

CONFLITS ET RÉSOLUTIONS 
(MEANINGFUL CONFLICT)



CONFLITS ET RÉSOLUTIONS 
(MEANINGFUL CONFLICT)



CONFLITS ET RÉSOLUTIONS 
(MEANINGFUL CONFLICT)



https://partenariatsciences.uqam.ca/apropos
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50



AUTRES IDÉES…

• Textes de réfutation

• Récits historiques

• Expériences par la pensée

• Démonstrations effectuées par l‘enseignant

• Expérimentations menées par les étudiants

• Explicitation en entrevue individuelle

• Discussions en groupes d’étudiants

• Débats pour toute une classe

• ??? 51



RÉACTIONS AUX INFORMATIONS CONTRADICTOIRES

• Potvin, P. (2023). Response of science learners to contradicting information: A 
review of research. Studies in Science Education, 59(1), 67-108.
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EXPLIQUER DES CHANGEMENTS CONCEPTUELS
PLUSIEURS MODÈLES EN COMPÉTITION…

56



57

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rsse20

Studies in Science Education

ISSN : 0305-7267 (Print) 1940-8412 (O nline) Journal hom epage: https://w w w .tandfonline.com /loi/rsse20

M odels of conceptual change in science learning:

establishing an exhaustive inventory based on

support given by articles published in m ajor

journals

Patrice Potvin, Lucian N enciovici, Guillaum e M alenfant-Robichaud, François

Thibault, O usm ane Sy, M oham ed Am ine M ahhou, Alex Bernard, Geneviève

Allaire-Duquette, Jérém ie Blanchette Sarrasin, Lorie-M arlène Brault Foisy,

N ancy Brouillette, Audrey-Anne St-Aubin, Patrick Charland, Steve M asson,

M artin Riopel, Chin-Chung Tsai, M ichel Bélanger & Pierre Chastenay

To cite this article: Patrice Potvin, Lucian Nenciovici, G uillaum e M alenfant-Robichaud, François

Thibault, Ousm ane Sy, M oham ed Am ine M ahhou, Alex Bernard, Geneviève Allaire-Duquette,

Jérém ie Blanchette Sarrasin, Lorie-M arlène Brault Foisy, Nancy Brouillette, Audrey-Anne St-

Aubin, Patrick Charland, Steve M asson, M artin Riopel, Chin-Chung Tsai, M ichel Bélanger & Pierre

Chastenay (2020): M odels of conceptual change in science learning: establishing an exhaustive

inventory based on support given by articles published in m ajor journals, Studies in Science

Education, DO I: 10.1080/03057267.2020.1744796

To link to this article:  https://doi.org/10.1080/03057267.2020.1744796

View supplementary material Published online: 17 Apr 2020.

Submit your article to this journal Article views: 131

View related articles View Crossmark data



58



59



60



FAMILLES DE MODÈLES

• Modèles de remplacement

• Modèle de changement

• Modèles sociocognitifs

• Modèles pluralistes

61



FAMILLES DE MODÈLES

62

Catégorie Modèles Justification

Modèles basés sur le 
conflit conceptuel

POS, C&B, NUS
Basés sur le conflit entre conceptions 
existantes et nouvelles informations.

Modèles basés sur la 
révision des théories

VOS, CHI, HEW, DIS, CA2
Changements structurels profonds des 
théories ou catégories mentales.

Modèles sociocognitifs 
et contextuels

DRI, TYS, DOL, SHE, GIV
Importance des facteurs sociaux, 
contextuels et motivationnels.

Modèles mixtes 
ou multidimensionnels

PIN, CLE, LAW, WHR
Combinaison de plusieurs dimensions : 
cognitive, contextuelle et 
motivationnelle.



MODÈLES BASÉS SUR LE CONFLIT CONCEPTUEL

Objectif pédagogique : Créer un conflit cognitif entre l’idée intuitive d’évolution 
intentionnelle et la réalité des mécanismes aléatoires et non intentionnels.

• Étape 1 : Présentez une idée fausse courante : « Les organismes évoluent parce qu’ils en ont 
besoin » (l’évolution comme une intention).

• Étape 2 : Montrez une vidéo ou simulation illustrant l’évolution des phalènes du bouleau 
durant la révolution industrielle, où seules les variations aléatoires de couleur et la pression 
de sélection (prédation) expliquent leur évolution.

• Étape 3 : Demandez aux étudiants d’expliquer pourquoi la phalène sombre est devenue 
dominante et confrontez leurs réponses à leurs idées initiales.
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2. MODÈLES BASÉS SUR LA RÉVISION DES THÉORIES

Objectif pédagogique : Amener une révision structurée et progressive des 
explications initiales vers une compréhension théorique plus robuste.

• Étape 1 : Demandez aux étudiants de proposer des explications pour l’évolution de certains traits (par 
exemple, les longs cous des girafes).

• Étape 2 : Introduisez les concepts clés progressivement : variation, héritabilité, surproduction, et 
sélection.

• Étape 3 : Utilisez des études de cas (par exemple, les pinsons de Darwin ou l’évolution des bactéries 
résistantes aux antibiotiques) pour montrer comment ces concepts expliquent les observations.

• Étape 4 : Guidez les étudiants pour restructurer leurs théories initiales (par exemple, remplacer l’idée 
de besoin ou d’intention par des processus sélectionnés au fil du temps).
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3. MODÈLES SOCIOCOGNITIFS ET CONTEXTUELS

Objectif pédagogique : Intégrer les concepts de l’évolution dans un contexte 
social et collaboratif tout en confrontant les conceptions erronées.

• Étape 1 : Organisez un débat en classe autour de la question : « Pourquoi les espèces 
évoluent-elles ? ». Divisez la classe en groupes avec des rôles différents :

• Groupe 1 : Défend l’évolution comme un processus intentionnel.

• Groupe 2 : Défend l’évolution basée sur la sélection naturelle.

• Étape 2 : Chaque groupe prépare des arguments en utilisant des données scientifiques (par 
exemple, fossiles, résistances bactériennes).

• Étape 3 : Animez un débat structuré, suivi d’une discussion collective où le professeur 
recentre les échanges sur les faits scientifiques.
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Objectif pédagogique : Combiner des dimensions cognitives (simulation), 
contextuelles (interaction active) et réflexives (discussion) pour favoriser un 
changement conceptuel profond.

• Étape 1 : Utilisez un logiciel de simulation pour montrer comment une population d’organismes évolue face à des 
pressions sélectives (par exemple, variation de couleur dans un environnement changeant).

• Étape 2 : Les étudiants modifient les paramètres (taux de mutation, prédation, nourriture) pour observer l’impact
sur la population.

• Étape 3 : Après la simulation, engagez une discussion réflexive : Pourquoi certaines variations survivent-elles ? Quel 
rôle joue le hasard dans l’évolution ? Comment cette simulation modifie-t-elle leur compréhension de l’évolution ?

• Étape 4 : Reliez ces observations aux concepts clés de la sélection naturelle (variation, pression de sélection, 
adaptation).

4. MODÈLES MIXTES OU MULTIDIMENSIONNELS
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PROTOCOLE EXPÉRIMENTAL
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Test
Inventaire

Conceptions

Test
Inventaire

Conceptions

Test
Inventaire

Conceptions

Contrôle

Modèle 2

Modèle 1



CONCLUSION
IL Y A ENCORE BEAUCOUP À FAIRE
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