GLOSSARY OF TERMS USED IN DIDACTIQUE

0. savoir and connaissance

This initial entry does not come from the French glossary, but directly from the efforts of translating Didactique into English. Our language, although generally rich in synonyms, fails to supply us with a pair of words to correspond to the French near-synonyms “savoir” and “connaître”. Both are translated as “to know”. Likewise the nouns associated with them, “les savoirs” and “les connaissances” are generally both translated as “knowledge”.  At times this is fine, at other times it is a problem. The latter is notably the case in dealing with Didactique, where the words are frequently and highly intentionally distinguished. In the following paragraph we will attempt to make the distinction clear.


At a first pass, the verbs can be thought of as “to be familiar with” (connaître) and “to know for a fact” (savoir).   For some examples the distinction is clear and useful: “Connaître” a theorem means to have bumped into it sufficiently often to have an idea of its context and uses and of more or less how it is stated; “Savoir” a theorem means to know its statement precisely, how to apply it, and probably also its proof. On the other hand, when it comes to an entire theory, with a collection of theorems and motivations and connections, what is required is to connaître it. Savoir at that level is not an available option – but on the other hand, no real connaissance is possible without the savoir of some, in fact of many, of the theory’s constituent parts. 


The corresponding distinction exists between the two words for “knowledge”, with the additional complication that each of the French words has both a singular and a plural form.


As an illustration of the value of the distinction, I propose to give an example of a way in which having the two words is both thought-provoking and a material aid in analyzing what’s going on. Currently in America mathematics education there is considerable debate about the status of certain kinds of knowledge. One side is accused of interesting itself solely in “skill-drill” and computation, the other of interesting itself solely in “fuzzy  math”, where anything goes as long as it is in the right general vicinity. Consider instead the following description: all school learning is an alternation of savoirs and connaissances. Isolated parts are acquired as savoirs connected by connaissances. Without the connaissances, the savoirs have no context and are swiftly mixed or lost. Without the savoirs, the connaissances are more touristic than useful. Imbedded in connaissances, savoirs can develop gradually into a solidly connected chunk – in fact, a savoir, which is then available to be set into a wider connaissance. Thinking this way then provides a tool for contemplating another of the current hazards of mathematics education: assessment. It is a clear need, but a thorny issue. And one of the causes of its thorniness is that all that can be assessed on a standardized test is savoirs. The state of a student’s connaissances is visible to the teacher if enough time in the classroom can be devoted to the kind of activity where connaissances are built and used. But an over-emphasis on visible, “testable” knowledge leads to attempting to teach the savoirs without the connaissances  to hold them together and carries with it the danger of damaging the entire fabric of the learning.


It should by now be clear that a casual treatment of the savoir/connaissance  distinction would be a serious error. On the other hand, finding a solution is not a trivial pursuit. After trying several, we resorted to using "knowledge" and "to know" in instances where the distinction is not needed, and leaving the words in French when the distinction is essential.
1.  Didactique of mathematics


The science of the specific conditions for the diffusion of the mathematical knowledge necessary for human occupations (in the general sense.) It  concerns itself (in the specific sense) with the conditions in which one institution, referred to as "the teacher", attempts (if necessary under the mandate of another institution) to modify the knowledge of another, referred to as "the student," when the latter is not in a position to do so in an autonomous manner and doesn't necessarily feel the need for it. A didactical project is a social project designed to cause a subject or institution to appropriate a savoir. Teaching consists of the collection of actions aimed at realizing this didactical project.

2. Situation (mathematical)


The conditions of the particular use of a piece of mathematical knowledge are considered to form a system called a "situation":


On the one hand, a hypothetical game (which may be mathematically defined) which makes explicit a minimal system of necessary conditions under which a piece of (mathematical) knowledge can manifest itself by decisions by an actor with observable effects on the milieu .


On the other hand, a model of the above type destined to interpret the portion of the observable decisions of a real subject which arise from his relationship to a specified piece of mathematical knowledge.


A situation is characterized in an institution by a set of relations and reciprocal roles of one or more subjects (pupil, teacher, etc.) with a milieu, aimed at transforming that milieu according to a project. The milieu consists of objects (physical, social or human) with which the subject interacts in a situation. The subject determines a certain evolution amongst the possible, authorized states of this milieu which he judges to conform to his project. Note that a task is an action which the actor accepts in advance as being determined, in an agreed upon situation. The situation makes it possible to "comprehend" the decisions of the teacher and the students, be they in error or appropriate.

3. Theory of Didactical Situations in Mathematics

The theory of situations is thus comprised of two objectives: on the one hand the study of the consistency of some objects and their (logical, mathematical, ergonomic) properties necessary for logical construction and for the invention of "situations", and on the other hand scientific confrontation (empirical or experimental) between the adaptation of these models and their characteristics and actual contingencies.


The hypothetical situations considered belong to two categories: didactical situations where an actor, for instance a teacher,  organizes a plan of action which makes clear her intention of modifying or causing the creation of some knowledge in another actor, a student, for example, and which permits her to express herself in actions, and


"non-didactical situations" where the evolution of the actor is not submitted to any didactical intervention whatever. Note: this is an unfortunate term, because such a situation could serve in a didactical project and thus be called "didactical: that which serves to teach," following common usage. Modeling effective teaching leads to the combining of the two: certain didactical situations make available to the subject of learning situations which are partially liberated from direct interventions: a-didactical situations.


A situation models the goals and the decision possibilities of an actor in a certain milieu. It is chosen in such a way that the strategy for resolution cannot be activated except with the help of a certain piece of mathematical knowledge, the appearance of this decision without the actor's use of the knowledge in question being highly improbable. The classical method consists of defining a mathematical object by a set of relations which only that object satisfies. The only difference here is that the set of relations is a "game" in the mathematical sense. The determination of a piece of mathematical knowledge by a problem of which this knowledge is a solution is a procedure as old as mathematics. The Theory of Didactical Situations in Mathematics (TDSM) is simply a theorization of this procedure. There exist numerous situations relative to the same piece of knowledge. At the same time, numerous pieces of knowledge may intervene in a unique decision. One of the objectives of TDSM is to classify the situations, and as a consequence the pieces of knowledge, as a function of their relationships and of the possibilities of learning and teaching that they offer.


The theory classifies situations according to their structure (action, formulation, validation, institutionalization, etc.) , which determines different types of knowledge (implicit models, languages, theorems,...) This typology also explains, and experience demonstrates, that they have different ways of being learned.

4. Actor, milieu 


The milieu is a system in opposition to the actor. In an action situation, the word "milieu " denotes everything that acts on the student and/or on which she acts.


The actor is "that" which in the model acts on the milieu in a rational and economic way within the framework of the rules of the situation. As a model of a student or more generally of a subject, she acts according to her repertoire of knowledge.

5. Fundamental Situation (corresponding to a savoir)

This is a schema situation capable of generating, by variation of the didactical variables which determine it, the set of situations corresponding to a determined savoir. Such a situation, once it has been identified, offers possibilities of teaching, but above all a representation of the savoir by the problems in which it intervenes, permitting the reconstruction of the meaning of the savoir that is to be taught.

6. (A-didactical) situation of action (corresponding to a connaissance)

This is a situation in which the connaissance of the subject is manifested only by decisions and by regular and  effective actions on the milieu, and where it is of no importance to the evolution of the interactions with the milieu whether the actor can or cannot identify, make explicit or explain the necessary connaissance.
7. Implicit model of action


In the first place, this is a systematic description, as simple as possible, of the behaviors of an actor in a situation. It is called a strategy (if it holds good for all cases) or a tactic (if it only holds good for some). This model can be used in attempting to predict the voluntary behaviors of a subject, but it is constructed by the observer using objective criteria, be the observed subject conscious or not of what he is doing, and be he capable or not of making it explicit.


In T.D.S.M. an implicit model of action is in addition a simplified but sufficient representation of the manner in which a connaissance in some particular form (for instance a theorem in action) can determine the behaviors of an actor in a given situation. This representation of the functioning of connaissances in decisions, depending on its validity and utility in precise circumstances, is the fundamental instrument of TDSM as experimental epistemology.

8. (A-didactical) situation of formulation (of a connaissance)


This is a situation which puts at least two actors into relationship with the milieu. Their common success requires that one of them formulate the connaissance in question (in one form or another) for the use of the other, who needs it in order to convert it to an effective decision about the milieu . For this pair of actors, formulation consists of using a known repertoire to formulate an original message, but the situation can lead to modifications in the repertoire. It can be deduced theoretically and verified experimentally that a "spontaneous" formulation of knowledge requires that that knowledge exist beforehand as an implicit model of action for the two actors.

9. (A-didactical) situation of validation (social and cultural)

A situation of validation is a situation whose solution requires that the actors establish together the validity of the characteristic knowledge of this situation. Its effective realization thus depends on the capacity of the protagonists to establish this validity explicitly together. This relies on the recognition by all of a conformity to a norm, of a formal constructability within a certain repertoire of known rules or theorems, of a relevance for describing the elements of a situation, and/or of a verified adequacy for solving it. It involves the protagonists comparing their opinions on the evolution of the milieu  and arriving at an agreement following the rules of scientific debate.

10. Obstacles

An obstacle is a set of difficulties of an actor (subject or institution) connected to his conception of a notion. This conception has been established by an activity, or by a correct adaptation, but in particular conditions, which have deformed it, or limited its range. The difficulties created by this conception are connected by "reasoning" but also by the numerous circumstances in which the conception arises. Thus the conception resists the learning of a more correct piece of knowledge. The difficulties appear to disappear, but they reappear in unexpected ways and cause errors by unsuspected relations. The identification and explicit inclusion of the rejection of an obstacle in the new knowledge are in general necessary conditions for its correct use.

Obstacles of ontogenic origin are those that occur because of limitations (neurophysical, among others) of the subject at a particular moment of her development: she develops the knowledge appropriate to her aims and abilities at a specific age.

Obstacles of didactical origin are those that appear to depend entirely on a choice or project of the educational system. For example, the current presentation of decimals at the elementary level is the result of a long evolution in the context of a didactical choice made first by the encyclopedists and then by the Convention: given their utility, decimals were to be taught to everybody as early as possible, associated with a measurement system  and set up to make use of the techniques for operations learned for the integers. In this way, today for students decimals are "whole numbers with a change of unit",  thus "natural numbers" (with a decimal point) and measures.

Obstacles of epistemological origin are those which neither can nor should be avoided, for the very reason of their role as constituting part of the goal knowledge. They are to be found in the history of the concepts themselves. This does not mean that one should amplify their effect, nor that one should reproduce in a scholarly setting the historical conditions in which they were overcome.

11.  Situation of institutionalization of a connaissance

This is a situation which reveals itself by the passage of a connaissance from its role as a means of resolving a situation of action, formulation or proof to a new role, that of reference for future personal or collective uses. Example: the solution of a problem, if it is declared typical, can become a method or a theorem. Before institutionalization, a student can't make reference to this problem that she knows how to solve. Faced with a similar problem, she must once again produce the proof. On the other hand, after institutionalization she can use the theorem without giving its proof again or the method without justifying it. Institutionalization thus consists of a change of convention among the actors, a recognition (justified or not) of the validity and utility of a piece of knowledge, a modification of this knowledge -- which is "encapsulated" and designated -- and a modification of its functioning. Thus to the institutionalization there corresponds a certain transformation of the common repertoire accepted and used by the protagonists. Institutionalization  can consist of an addition to the repertoire, but also of the rejection of a common belief suddenly recognized as false. The pieces of knowledge in a repertoire function with a complex play of status, depending on their use. An institutionalization can consist of more subtle modifications, for example, the adoption of a misuse of a term as a sign of belonging to an institution.


Institutionalization can happen even in situations of spontaneous learning on one's own and also in self-teaching processes. It is then a convention internal to the group of actors (non-didactical institutionalization).

But it is clearly fundamentally connected to the didactical process and results from a specific intervention. It is what enables the teacher and the student to recognize and legitimate the "object of the teaching", even if they see it in different ways. It can consist of the recognition by the teacher of the value of something produced by the students. Thus it affirms: 1) that the student's proposition is valid and recognized as such outside of the particular context of the present situation, 2) that it will be useful on other occasions, not yet known, 3) that it will then be more advantageous to recognize and use it in its reduced form than to re-establish it, 4) that it will be accepted directly by all, or at least by the initiated.

12. Radical constructivism
Radical constructivism is a pedagogical theory which affirms that a student  only appropriates the knowledge that he has produced himself. It asserts, in other words, that with no other didactical intervention than the choice of appropriate non-didactical situations students can (Should) produce, by autonomous construction, knowledge equivalent to that which society wants to teach them (and which it has itself constructed in a non-didactical manner).


Now the non-didactical institutionalization of a piece of knowledge cannot determine a priori, from a personal and local process, its scientific value and its range. Even in historical scientific processes, for the future the producers of knowledge can only calculate its importance and use. It is thus technically and legitimately impossible for a teacher to affirm that the non-didactical institutionalization which she observes or obtains from her students produces knowledge equivalent to that which is current in society and which is the fruit of events and processes in history of which by definition the students are ignorant.. This observation condemns radical constructivism as a didactical model.

13. Devolution  
The process by which the teacher manages in a didactical situation to put the student in the position of being a simple actor in an a-didactical situation (of a non-didactical model). In doing so, he tries to set things up so that the actions of the student are produced and justified entirely by the necessities of the milieu  and by her knowledge, and not by the interpretation of the didactical procedures of the teacher. For the teacher, devolution consists not only of proposing to the student a situation which should provoke in her an activity not previously agreed to, but also of seeing to it that she feels responsible for obtaining the proposed result, and that she accepts the idea that the solution depends only on the exercise of knowledge which she already has. The student accepts a responsibility in conditions where an adult would refuse it because if there is a problem and then creation of knowledge it is because first there was doubt and ignorance. This is why devolution creates responsibility, but not guilt in the case of failure.

(see 22. Paradox of devolution)

Devolution, made during institutionalization. These are the two didactical interventions of the teacher on the "student-milieu -knowledge" situation. It is an important element of its own particular nature in the didactical contract.

14. Didactical contract

This is the set of reciprocal obligations and "sanctions" which each partner in the didactical situation 

· Imposes or believes himself to have imposed, explicitly or implicitly, on the others, or

· Are imposed, or he believes to have been imposed, on him with respect to the knowledge in question.

The didactical contract is the result of an often implicit "negotiation" of the mode of establishing the relationships among a student or group of students, a certain milieu  and an educational system. It can be considered that the obligations of the teacher with respect to the society which has delegated to him his didactical legitimacy are also a determining part of the "didactical contract".


The didactical contract is not in fact a real contract, because it isn't explicit, not freely consented to, and because neither the conditions in which it is broken nor the penalty for doing so can be given in advance because their didactical nature, the important part of it, depends on knowledge as yet unknown to the students.


Furthermore it is often untenable. It presents the teacher with a genuinely paradoxical injunction: everything that she does in order to produce in the children the behavior she wants tends toward diminishing the student's uncertainty, and hence toward depriving him of the conditions necessary for the comprehension and the learning of the notion aimed at. If the teacher says or indicates what she wants the student to do, she can only obtain it as the execution of an order, and not by the exercise of his knowledge and judgement (the first didactical paradox) (Cf. 16, the Topaze effect and 17. The Jourdain effect). But the student himself is also presented with a paradoxical injunction: if he accepts that according to the contract the teacher will teach him the solutions and the answers, he doesn't establish them for himself and thus does not engage the necessary (mathematical) knowledge and cannot appropriate it. Wanting to learn thus involves him in refusing the didactical contract in order to take charge of the problem in an autonomous way. Learning thus results not from the smooth functioning of the contract, but from the breaking of it and the making of adjustments. When there is a rupture (failure of the student or the teacher) the partners behaves as if they had had a contract with each other.


In fact, the contract is a form of definition of a didactical situation. They are equivalent, but one makes possible to produce an inventory of contracts depending on the division of responsibility between the teacher and the student.

15. Connaissance and savoir

Note that the introductory glossary item numbered 0 is necessary for the reading of this one.


The Theory of Situations brings out various different forms of connaissance as means of making a decision, of choosing and action, a formulation, a proof, etc. The meaning thus given to " connaissance" corresponds reasonably well to the one given in Le Littré: "the exact idea of a reality, of its situation, its meaning, its character and its functioning" with the exception of the condition of exactitude (since a subject can have a connaissance which is inexact in the eyes of the observer.) But the Theory of Situations also describes a whole chain of reflexive relationships to this first form of connaissance: how formulation necessarily operates on implicit models, validation on formulations, institutionalization on assertions, etc. A situation where the connaissance which served elsewhere as a means of decision is explicitly the object of action or study, of identification, of classification, of articulation with others, etc. then gives this connaissance another function: that of the object of action by the subject. We call these new objects "savoirs", because they present certain characteristics of stability, validity, etc.

In these situations where she manipulates savoirs, the subject uses connaissances in the previous sense, itself not the object of study, but the means. Thus the same statement can be connaissance or savoir according to its role in a situation. For example, spontaneous models in elementary dynamics are forms of connaissance, in contrast to the savoir which shows up in the calculations. Another example: The statement of a theorem can at a given moment be regarded as savoir (if it is a reference or an object of study, etc.) and its proof as connaissance, a means of convincing oneself of the validity of the theorem. But a moment later the proof can become a savoir, the object of close verification. For the observer, a savoir is the means of recognizing and handling connaissance and the relationships between pieces of connaissance (which were ideas of a reality in other situations), which is shown by re-writing, metalanguage, etc.

The conversion of connaissance -- that is, of a means of decision -- into a savoir, and that of a savoir into a means of decision may appear to be obvious and mechanical, or the results of a simple change of point of view. Either one can take humanity centuries to accomplish, and can cost a student considerable effort.


The distinction is important in didactique: only savoirs can be fairly easily treated in evaluations and in current didactical decisions. But connaissance is indispensable for applying the savoir. Decisions made without taking this into account lead to bad corrections and deceptive results.

The terms "connaissance" and "savoir" are nearly synonymous in French and can only be translated by a single word in many languages. In addition, they are generally associated with the idea of exactitude, of "objective" scientific validity. Now the Theory of Situations is interested in the real functioning of what is taking place with savoirs and connaissances in a given situation or institution, which may be unaware of the truth known to the observer. This is why we have left the terms savoir and connaissance untranslated to avoid misunderstandings.


The Theory of Situations makes it possible to diversify the relations between connaissance and an actor in a milieu. As a result, it makes it possible in analyzing connaissance to substitute functioning for simple representation: the connaissance with which the observer describes the milieu and that which he ascribes to the actor relating to that  milieu are not necessarily analogous.

16. The Topaze effect

The first scene of the famous "Topaze" by Marcel Pagnol illustrates one of the fundamental processes in the control of uncertainty: The teacher is dictating a sentence for a bad student to write out. Unable to accept too many gross errors and equally unable to give the required spelling directly, he "suggests" the answer, hiding it behind progressively more transparent didactical coding. The problem is completely altered. The teacher begs for a sign that the student is following him, and steadily lowers the conditions under which the student will wind up producing the desired response. In the end the teacher has taken on everything important about the work. The answer that the student is supposed to give is determined at the outset, and the teacher chooses questions to which this answer can be given. Obviously the connaissance required to produce the answer changes its meaning as well. By taking easier and easier questions the teacher tries to conserve the maximum significance for the maximum number of students. If the desired connaissance disappears altogether from sight, that is "the Topaze effect".

17. The Jourdain effect

This is so named in reference to a scene from Molière's "Bourgeois Gentilhomme" where the philosophy tutor reveals to Jourdain what prose and vowels are. The whole humor of the scene is based on the absurdity of the repeatedly giving familiar activities the status of learned, scholarly discourse. The teacher, in order to avoid debating connaissance with the student and eventually admitting defeat, claims to recognize indications of scholarly connaissance in the behavior or responses of a student, even though they are in fact motivated by trivial causes. It is a form of the Topaz effect.

18. Metacognitive and  metadidactical slippage

Metacognitive slippage is the replacement of a connaissance by one of its models by a description in metalanguage. Metadidactical slippage is the didactical process which leads to the unbridled didactical use of Metacognitive slippage.


When a teaching activity has failed, the teacher can be led to self-justification, and, in order to continue his actions, to taking his own explanations and heuristic materials as objects of study. From objects of study they become, by the same process, teaching objects. This effect can repeat itself, accumulate many times, involve an entire community and constitute a genuine process out of control of its actors. The most striking example is probable the one concerning the use of graphs in the 60's to teach about structures, a method to which the name of G. Papy has been attached. Properties or mathematical objects were defined by predicates which were themselves represented by sets, which were themselves represented by graphs, which were themselves represented by "potatoes", etc. Every level had its own language and its metalanguage. A reflexive relationship became "a relationship tied in knots".

19. The abusive use of analogy
This is the didactical procedure which uses analogy as an argument to bring about the acceptance and learning of a connaissance by the accumulation of "analogous" circumstances.


Analogy is an excellent heuristic medium provided it is used responsibly. But its use in the didactic relationship makes it a redoubtable medium for producing Topaze effects. For all that, it is a natural practice. If students have failed in their learning they must be given another chance with the same subject. They know it. Even if the teacher disguises the fact that the new problem is similar to the old one, the students will search -- it's a legitimate thing to do -- for the solution they have already been given. This response doesn't mean that they find it appropriate for the given problem, but only that they have spotted indications, possibly completely external and uncontrolled, that the teacher wants them to produce it. They get the solution by reading the didactical indicators and not by engaging with the problem. And it is in their interest to do so, because after a number of failures with problems which are similar but not justified and not recognized, the teacher will use these suddenly renewed analogies to reproach the student for her willful resistance: "I've been telling you that for ages."


Other rhetorical procedures, among them metaphors and metonyms, are used in the same way. The contradiction comes from the fact that the rule by which one wishes to make the students accept a piece of knowledge is denied in the knowledge being taught: in mathematics, comparison is not reason.

20. The "Dienes" effect
The more the teacher feels assured of success by the effects of an activity or of some didactical material and of psychological or other "laws", independently of her personal engagement, the more likely it is to fail...!This phenomenon explains why teachers who make innovations and their proselytes succeed with their teaching while innovators who are confident in the method fail. We call this the Diénès effect in reference to a study that was carried out on the diffusion of New Math in required schooling using the methods proposed by Zoltan Diénès. The existence of this effect demonstrates the necessity of integrating the teacher/student relationship into any didactical theory.

21. The paradox of the actor
Diderot formulated in a famous study the paradox inherent in the activity of an actor: the more the actor experiences the emotions which he is presenting, the less he is able to make the spectator experience them, because "continuously observer of the effects he is producing, the actor becomes in some ways the spectator of spectators at the same time that he is one himself and can thus perfect his acting." This paradox extends to the teacher. If she herself produces her questions and her answers in the mathematics, she deprives the student of the possibility of acting. She should therefore leave time, leave some questions without answers, use the ones the student gives her and integrate them into lesson plans, giving them more and more of a place...This idyllic schema can take place when the teacher is inventing a savoir on her own, but if the savoir is known in advance, this "liberty is nothing more than an actor's game, and the student is urged to become another actor, constrained to a text or at least an outline, about which he is not supposed to know anything."


The paradox of the actor demonstrates an effect opposite to the Diénès effect. It says that if the teacher experiences at first hand the relationships that he wishes to teach, he cannot achieve their devolution to the student, but that if he does not invest any personal desire and responsibility in the success of the students, the devolution which he proposes can't be accepted. The didactical relationship is maintained by a dynamic equilibrium between these two effects.

22 The paradox of the devolution  of situations

The teacher has a social obligation to teach everything necessary about knowledge. The student -- especially if she is failing -- demands it of him.  But the more the teacher accedes to these demands and unveils what he wants, the more he tells the student precisely what she should do, the more he risks losing his chances of obtaining and objectively certifying the learning he should be aiming at. This is the first paradox: it is not altogether a contradiction, but knowledge and the teaching project must advance themselves behind a mask. This didactical contract presents the teacher with a genuinely paradoxical injunction: everything that he does in order to produce in the children the behavior he wants tends toward depriving the student of the conditions necessary for the comprehension and the learning of the notion aimed at. If the teacher says what she wants he can't obtain it. But the student himself is also presented with a paradoxical injunction: if she accepts that according to the contract the teacher will teach her the results, she doesn't establish them for herself and thus she doesn't learn any mathematics, she doesn't appropriate it. If, on the other hand, she refuses all information from the teacher then the didactical relationship is broken. Learning involves, for her, accepting the didactical relationship, but considering it to be provisional and trying hard to reject it

