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Cultura – Prática social como objeto de investigação

Culture – Social practice as object of investigation

Conversations and the representation of mind in preschool children

Michel Deleau, Sandrine Le Sourn & Karine Guehenneuc, Centre de Recherches en Psychologie, Cognition et Communication, University of Rennes 2, France

The development of social understanding is characterized by the capacity to conceive the meaning of other’s behaviours with a reference to the mental states underlying these behaviours. Except for basic emotions, these mental states are not directly accessible. They have to be inferred. And it is a major piece of work for developmental psychologists to explain how the capacity to conceive mental states develops in children’s cognition. My contribution in this symposium will focus on beliefs. A belief can be defined as « what someone holds for true in a given situation » independently of the nature of the representation held for true : either a direct knowledge issued from sensory data, or a verbally transmitted knowledge, or an inference from previous knowledge…
The fact of « holding for true » has important behavioural consequences that can be illustrated by the well-known protocol of false belief attribution (Wimmer & Perner, 1983) where the child is presented two puppets, each having a basket. Puppet A puts a candy in her basket and then leaves the room. During her absence, puppet B changes the place of the candy : she puts it in her own basket. Then puppet A comes back and the child is asked : « where will A look for her candy ? ». A majority of 3-4 year-olds say : in basket B, whereas a majority of 4-5 year-olds say : in basket A, and give an explanation such as « puppet A does not know that B has moved her candy ». Thus, they consider that puppet A’s behaviour is governed not only by her desire to get her candy but also by what she holds for true, i.e. that the situation is the same when she comes back in the room as it was when she left. These children conceive other’s minds (and their own) as underlied not only by desires but also by beliefs, it is this notion of belief that allows to understand that an intentional action fails to reach its goal for internal reasons, for a misrepresentation of the actual situation in the mind of the actor.

Beliefs are conceived later than other mental states : if we consider researches from these last twenty years or so, it is currently accepted that children are able to attribute attentional and intentional states to others in the course of the second year, but beliefs are not mentioned before the third birthday and not completely mastered before the end of the fifth year – if one accepts the success in the false-belief attribution task as a criterium.

The developmental question is : how this later development in children can be explained ? My argument here will be that the child’s capacity to conceive beliefs is rooted in his/her experience of discursive or conversational interactions.

My presentation will consist in three main points. I will present first, very briefly, four current explanatory models of development, and explain why they fail to provide a proper explanation of the late development of beliefs. Then I will give some general arguments in favor of a socio-discursive approach of the development of beliefs in children and, finally, I will present some results from three different empirical studies conducted in Rennes, supporting this socio-discursive hypothesis.

The central question I will focus on in this presentation is the following one : What is the role played by the involvement of the child in discursive interactions on the child’s capacity to conceive others (and his/her) behaviour as animated by beliefs? Why such a question and an emphasis on the role played by discursive interactions? Because, till now, the late and slow development of belief attribution in children has not received a sufficient explanation in the main cognitive models that have been  proposed (Harris, 1996, Deleau, in press).

The most commonly accepted description of this development can be summerized as follows : children do not mention spontaneously beliefs before their third birthday and seem mainly to achieve a structured representation of the mind (although not a fully developed one, Bradmetz, 1999) at around five. This achievement is characterized by the capacity to conceive beliefs as mental states governing behaviour (in combination with desires). Thus beliefs appear later than other mental states (emotion, attention, intention) in children’s naïve psychology,  and they develop slower.

In the general framework of cognitive psychology, most discussions emerge from four main proposals, each of which  meets a serious difficulty concerning the explanation of the development of  beliefs. I would like just to point, for each of these models, one major difficulty with an explanation the development of beliefs.

The first one is the nativist model proposed by Leslie (1994) or Baron-Cohen (1995). Beliefs, as representations of representations, are generated by a M-representation module (ToMM) which begins to operate in the middle of the second year as instanciated by the child’s capacity to pretend. But that does not explain why M-representations about beliefs should be slower to develop that M-representations for desires or intentions.

Let me consider now the other three models that refer to intraindividual changes in children’s cognition. In Perner’ model (1991), the emergence of the attribution of belief reflects a general change in cognitive activity that occurs in the course of the 5th year : the development of metacognition appears as a by-product of the individual activity itself. But, children are able to invoque explicitely beliefs spontaneously from 3 onwards : thus the capacity to attribute false beliefs is the end of quite a long and relatively specific process (and not a short and general one). In Wellman’s contribution (Wellman, 1990), the  attribution of beliefs indicates the achievement of a theoretical construction : young children build first a « desire psychology », then a « desire-belief » one (children can mention beliefs but do not use the notion in explaining other’s behaviour, and, finally, a « belief-desire-psychology ». But is the knowledge of human beeings « theoretical » by nature ? This point has been extensively discussed by Bruner. It is not governed first by formal or explicit rules, he argues, it has its roots in human interactions, in a world of implicit conventions instanciated and made explicit in the course of joint activity. The last model is one of « simulation » (Harris, 1992) : the child is considered as « projecting» his own inner experiences on others : becoming counscious of his/her own representations, he/she will « take other’s place » in a given situation. Even if we do not discuss the very process of self awareness, this last model is confronted with  an important empirical objection : when children attribute beliefs, they do so for themselves and for others at the same time first for desires, and later for beliefs, Thus the simulation model does not explain the decalage between desires and beliefs.

Thus, neither the nativist nor the different cognitive models I have just briefly presented offer a sufficient explanation of the late development of belief in children’s cognitive development. At the same time, they share a common assumption : all of them are looking for universals in the development of children’s conceptions of Mind, either in a built-in biological mechanism or in a unique and universal intraindividual cognitive process. It is time now to question this assumption and to move towards my second point. 

There are several reasons (empirical and theoretical ones) to take seriously into account culture and language in this matter. Empirical reasons first. I will just mention a couple of them. Let me consider first folk psychologies. There are differences in privacy of mental states and responsibility of behaviour even within our own culture. Ancient Greeks do not seem to have conceived human mind as a source of behaviours : important actions at least were the responsibility of Gods... And someone like Marcel Mauss (1950) has brilliantly showed the historicity of the notion of  « Personne » as a private and responsible source of initiative in occidental culture.There are also cultural differences in the definition and distinction between mental states. Lilliard (1998), referring to Lutz (1988) gives the example of the concept of nunuwan through which the Ifaluk refer both to thought and to emotion : so that it seems there is no difference for them between «feeling sad about an absent relative » and « thinking about the absence of an absent relative ». Such differences are important because the same « theory »has to explain both children’s development and adult’s characteristics.

Considering language now, several studies indicate that children’s abilities in attributing mental states depends on the lexicon of their cultures. Vinden (1996) for example has shown that Quechua children were able to respond easily to appearance/reality tasks and not to false belief attribution ones, whereas their language had many words to distinguish appearances of objects but did not differenciate between « thinking »and « saying ». Reciprocally, the understanding of false beliefs by chinese speaking children seems to be facilitated by the existense in chinese lexicon of specific marks of untrue beliefs (Lee, Olson & Torrance, 1999). Within our own culture, Dunn & al . ( 1991) have established that there are clear interindividual differences between children confronted to a series of attribution tasks depending on the contents of family conversations about mental states. A point to which I will come back soon. Finally, I will also underline that in several studies, using very different scales to evaluate the development of language in children, the correlation between this measure of language development and the scores in « ToM » tasks is very high (from .55 to .70) so that we may ask ourselves whether we measure the same thing or not using ToM tasks or language scales. A point that has been completely neglected in the models I referred to previously.

All this leads to look for an alternative view to the preceding ones, a model which considers that the child’s development has to be thought of as the result of a complex enculturation process  (Bruner 1990). The first assumption on this way is that culture is not a « variable » producing interindividual differences in psychological achievement ( a kind of « noise » around core-processes rooted in biology), but a set of social activities shaping psychological processes  in the individual. The second general assumption is that social as individual activities are mediated by semiotic tools and practices. More precisely, they are elaborated through the uses of language in a general socio-discursive frame ( Bronckart, 1996). In that perspective, the child’s cognition is situated in culture and discourse. It is in the course of everyday conversations that the child experiences the presentation of the concepts of the Folk-psychology of his/her culture and also that he/she is given the opportunity, as an actor, to experience the mismatches that open the field for elaborating on beliefs. If we accept this view, the cognition of mind does not appear as a process of theory construction but, as Bruner argues, as an interactive process issued from the praxis of language within the general framework of joint activity.

As my third point, I will now focus on the question of the empirical data that can contribute to support such an hypothetical conception. I would like to illustrate my contribution on that point referring to some empirical researches we have recently achieved in Rennes.

First, a series of questions that have to be addressed empirically. The importance of everyday conversations in the sociocultural model we have adopted led us first to focus on it at a very broad level with this first question : Does a restriction of the praxis of discourse affects the ability to conceive beliefs and to use the notion in understanding other’s behaviour ? And then to study different major components that could contribute to the development of a conception of Mind in preschool children. Two of them have been questioned

How does the content of family conversations contribute to the  child’s ability to solve the different ToM problems ?

Is there a relation between the conversational awareness of the child and his/her ability in ToM tasks ?

I will now present some empirical data concerning these three questions. The first one concerns the psychological consequences of a restriction of the praxis of discourse. This question has been documented by a comparison between profoundly deaf children from hearing parents and hearing children. To argue very briefly on this choice, I will just say that a child from hearing parents who is profoundly deaf from birth or soon after (prelingual deafness), generally suffers of a drastic restriction of his/her conversational experience both as an actor and as a spectator of other’s conversations. The source of information in this kind of comparison, is the differences between deaf and hearing children when they are proposed « belief attribution » tasks. In the first research we did (Deleau, 1996), the classical false belief task was presented in the format proposed by Avis & Harris (1991) to Baka children in the rain forest of center Africa : the child himself is the actor in the situation, which is more easily explained, what is of a particuliar importance in that case. We observed a two to three years decalage for deaf children : only 60% of 7 year-old deaf children succeeded compared to 80% of 5 year-old children.

At the same time, Peterson & Siegal (1995) published a paper on the same topic using the classical procedure with puppets and found a 7 years decalage. We could think that this second protocol raised the difficulties to communicate with deaf children and was introducing a bias deserving them, but at the same time the author’s criteria for success and failure was more strict than our’s (to pass , the child had to respond positively to two items ; only one for us). Thus Guehenneuc & Deleau (1997) designed a second study with the first procedure and Peterson & Siegal’s criteria. The results confirmed the finding of a decalage : 70% of 8 year-old deaf children passed the FB question compared to 80% of 55 month-old hearing ones, although deaf children have all responded correctly to the memory and reality questions, what indicates that they had correctly understood the situation. An other result confirms also that it is just a delay : in all groups, the scores for the ignorance question are always superior to the scores to the false belief question, what is the case in several researches with ordinary children (Deleau, 1998).

Thus, these results indicate an association between the restriction of  conversational experience and the delay in the capacity to respond positively to false belief  tasks. It has been confirmed recently by Courtin (1999) who found the reciprocal relation : he observed no delay (and even some precocity) in deaf children of deaf parents using sign language in everyday life, compared to hearing children from hearing parents - what might be ascribed to the exercise of spatial perspective taking implied by sign language.

However, such a comparison is ambiguous : what are the critical ingredients of conversational experience deaf children are missing? Do they lack just a non specific source of stimulation ? Or do they suffer from a restricted presentation of the concepts of the Folk psychology of their culture? Or from their inexperience as actors  in everyday conversation ? The comparison between deaf and hearing children is insufficient to clarify these points and we will have to consider now the two other questions I mentioned earlier with an analysis of non deficient children.

Considering the second of these hypothesis, we have focussed first on the role of the contents of everyday conversations on the child’s ability to conceive and use beliefs as mental states. It has been first addressed by Judy Dunn (Dunn & al., 1991 ) who has defended that the contents of everyday family conversations are an important source of information about the Folk Psychology : many everyday conversations in young children’s families are about mental states and about the relations between mental states and behaviour. In this research, it was shown particularly that the measures of mother’s discourse on emotion when children were 33 month old, predicted children’s performances seven months later in emotion recognition and attribution  tasks, and in a more limited measure in false beliefs tasks. The authors concluded that discourse about emotions to 33 month-old children is a mediator of their social understanding as observed in mental state attribution tasks.

This conclusion can be partly biased by the fact that Dunn & al. did not analyse mother’s discourse on cognition as they did for mother’s discourse on emotion. So we decided to undertake the same kind of longitudinal study but with this difference that discourse on both emotion and cognition will be examined and related to performances in mental states attribution tasks (Le Sourn-Bissaoui, 2000 ; Le Sourn-Bissaoui & Deleau, to appear). In this study, 50 child-mother dyads ( 25 with a boy, 25 with a girl) are observed during two sessions, when children are respectively 36 and 42 month old. The mother’s talk addressed to her child is produced in a framed situation (story-telling with the support of a picture-book without words) and is described with a grid issued from Bretheton & Beeghly (1982) and Bartsch & Wellman (1995). The main descriptors are : the total number of references to mental states, the diversity of these references to mental states, and the total number of causal statements (relation between mental states and behaviour). The child’s capacities to attribute mental states is assessed by several tasks : identification of emotions, emotions attribution combining desires and beliefs, and false beliefs attribution (explaining vs predicting behaviour). Children’s level of language development is also collected.

The two main hypothesis are that a) the richness of family conversations about mental states and their relations to behaviour (i.e. higher scores in the different descriptors of mother’s talk to children) when children are 36 month old, will have a predictive value on their scores on mental state attribution six months later and b) there will be a specific relation between mother’s discourse and children later achievement within the field of emotion on the one hand, within the field of cognition in the other hand.

The general results related to the two preceding hypothesis are presented in table 1

Table 1 : partial correlations (verbal level partialled out) between the measures of maternal discourse (36 and 42 months) and children’s performances in social cognition tasks (42 months)

Maternal 
EMOTION
CROYANCES

Discourse
PREDICTION
EXPLANATION
PREDICTION
EXPLANATION 
IGNORANCE

36 months






Cognition : Nb of references
ns
ns
ns
.30*
.33**

Cognition : Diversity of references
.30**
ns
.35**
.32*
.32*

Emotion : Nb of references
ns
ns
ns
ns
ns

Emotion : Diversity of references
.39**
.38**
ns
ns
ns

42 months






Cognition : Nb of references
ns
ns
ns
.34**
.32*

Cognition : Diversity of references
ns
ns
ns
.28*
ns

Emotion : Nb of references
ns
ns
ns
ns
ns

Emotion : Diversity of references
ns
ns
ns
ns
ns

* p<.05, **p<.01

It appears from table 1 that when children are 36 month old, maternal discourse on cognition is related to children’s performances on belief attribution at both 36 and 42 months. The diversity of references to cognition when children are 36 month old seems to be the more critical variable. Maternal discourse on emotion at 36 months is only correlated to children’s performances on emotion attribution at 36 months, what confirms a relative independance between the two domains. A supplementary multiple regression analysis indicates that the performance of 42 month-old children on belief attribution tasks is better predicted by the diversity of references to cognition in maternal discourse at 36 months and their own verbal level at 42 months. These results confirm J. Dunn’s view on the role of early conversations on the later capacity of attributiong mental states, to which they add a new information : the specificity of the contents that are introduced in conversations. Introducing emotional or epistemic contents seems to have a differential effect on the later capacity to attribute emotions or beliefs.

The third and last question still under investigation is the possible relation between the conversational awareness of the child and his/her ability in conceiving beliefs. Here, we do not consider primarily the content of conversations but the conversational process itself. In a conversation, whatever its content, the interlocutors have to establish and check permanently what are their beliefs : what they hold for true about the situation they refer to. Thus, being a conversationalist provides a unique human experience of negociating beliefs (Harris, 1996). In itself, the experience of conversations could be the fundamental  basis for a discourse praxis on which the child reflects and elaborates his/her representation of beliefs : from misunderstanding and repairs experiences, the child could infer that something (i.e. beliefs) possibly differs between him/her and the interlocutor, what are the implicit rules that can be used to interpret the interlocutors’ beliefs, and how they can be used in such or such a context. I propose to call this practical knowledge « conversational awareness ». This view leads to the main hypothesis that the more this practical knowledge is efficient, the more the child will be able to perform in belief attribution tasks. In order to document empirically this hypothesis, we have designed a series of  four tasks to evaluate the « conversational awareness » of children, and investigated the relationships between the children’s level in this domain and their performances in classical belief attribution tasks (Deleau & al.,1999)

The tasks

figure 1

Task 1 : « who speaks ? »
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Ilustration for the sentence « stop bothering me or I’ll slap you »

In the first task, the child has to give a judgment on the relation between an utterance and a social context in which it is produced. To respond, he has just to point to the figure he thinks to be the speaker. (cf figure 1)

Figure 2

Task 2 : « to which listener ? »
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llustration for the sentence « It was good, wasn’t it ? »

The second task has to do with given or new information. A short story is illustratd by 4 images. On the last one, a speaker addresses to two possible listeners : one who has shared the preceding story, the other who just arrives : the child has to point to whom of the two the speaker addresses (cf figure 2)

Figure 3

Task 3 : checking the common ground
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llustration for the sentence « … and here, the little boy raises his hand »

This task was first designed by Hupet & Tilman (1989) to study the capacity of children to check the « common ground » between two speakers. The child is told that a young child who had a visual deficiency has described « what he saw » on images, and that sometimes his depiction was true sometimes wrong. The child is then asked to say when it is wrong and to corrects the depiction if necessary. (cf figure 3)

It concerns the knowledge of gricean maxims and is translated from  Waters, Siegal & Slaughter (1998) who adapted for preschool children a protocol first designed by Surian, Baron-Cohen & Van der Lely (1996). The situation is not instanciated by images but is acted before the child using three little puppetts : a mother bear and her two children : a boy and a girl. The mother « asks something to her children » and each « child » gives a response: for one child, this response respects one of the gricean maxims, for the other not.

Example : 

Sally (the mother) asks : «what did you eat for lunch ? »

Tom says : « sandwiches »

Jane says : « some food » (violation of the maxim of quantity)

The child is invited to point to « the child who does not respond very well »

Several indexes can be used to evaluate the level of conversational awareness of the child, here I consider just the more conservative one : in order to be credited of a pass in one task,  the child’s score in this task has to be higher than what could be obtained by chance. The number of pass among the four tasks is thus the score of the child (scale from 0 to 4).

In a preliminary study, these tasks have been  proposed to a group of 18  four year-old children (45-49 months) together with four belief attribution tasks that can be also either passed or failed (scale from 0 to 4). The more important result is that the correlation between the two series of tasks is high (R=.55, p=.03) even when age is partialled out (R=.61, p=.01) but not when the verbal level is partialled out (R=.33, ns).

Although they need to be replicated on a larger sample and analysed with more sophisticated means, these first results confirm the importance of conversational experience per se  (and not only the topics of the conversations) on developing a representation of beliefs, what echoes the discussion of the results of the studies on deaf children I presented before.

Conclusion

As a matter of conclusion, I would like to raise three general points.

The major indication I wish first to underline is that  the conception of beliefs, and perhaps more generally the representation of mind, seems to develop, during the preschool period, in deep connection with conversational experience from two different sources. A first source comes from the contents of conversations : in everyday conversations, the child is presented the main concepts and the main explicative schema that are salient in the folk Psychology of his culture.  The salience comes in part from the lexicon of  mental states that differ from one culture to an other, and stores what is considered as prominent within the culture. Many recent studies indicate a clear relationship between the availability of lexical items in maternal language and performances of children in conceiving beliefs (Lee, Olson & Torrance, 1999 ; Vinden, 1996) But the lexicon does not operate by its own virtue ; it is presented to the child, and the parameters of this presentation instantiate the social value of the different topics for the expert members of the culture: important conversational topics are more frequently addressed, more developed, more dramatically presented in everyday conversations.  This is clear not only when we compare different cultures (Lilliard, 1998), but is manifest also when we consider the interindividual differences within one culture as it is the case in the second illustration : the contents of family conversations on mental states when children are 3 year old are related to their performances in formal tasks of attribution of emotions or cognitions six months later. It might also be the case that deaf children of hearing parents lack a huge amount of informations about these domains.

A second source comes from activity. The enculturation process Bruner (1990) refers to is a complex one that entails not only the appropriation of contents by the child, but also his praxis as a conversationalist, i.e. his experience of being an actor in conversations, this specifically human communication device devoted to the establishment of joint reference and the regulation of joint activity : in other words to work on adjusting and sharing beliefs. Here again, it has been possible to establish a correlation during the preschool period between the conversational awareness of the child and his capacities to conceive and attribute beliefs. Such a result, although limited to a preliminary study, is consistent with other recent studies  about the positive relationships at the same age between belief attribution and the capacity to establish and maintain the connected communication with a friend (Slomkowsky & Dunn, 1996), to make joint proposals and role assignment in free play with a peer (Astington & Jenkins, 1995), and, reciprocally, with studies on autistic children that indicate their difficulties to cope with the pragmatics of language and the management of beliefs in attribution tasks (Eisenmajor and Prior, 1991 ; Surian, Baron-Cohen & Van der Lely, 1996). This results support the general assumption that the participation of the child as an actor in conversations allows him to organize an implicit knowledge base on which he can reflects to conceive beliefs as mental states and use his elementary elaborations on that point first as practical operators in keeping the conversation going on.

Finally, I would like to underline briefly one more point, of a methodological nature. I have focussed in my presentation on the question of  the kind of empirical data that can contribute to support the core proposal that culture not only differenciates minds but also, and more importantly, contributes to build minds. Among a series of possible choices, I have mainly concentrated on empirical researches that use interindividual differences as a major source of data. Actually, I am profoundly convinced that collecting longitudinal data on interindividual differences during a critical period of development is one of the most powerful way to test sociocultural hypothesis. It allows first to maintain a unique cultural frame : sociocultural research might be better served by intracultural comparisons than by intercultural ones  (most of the time, intercultural research is connected to the theme of universality of psychological processes…). Secondly, interindividual variability is principally manifest during the period of elaboration of a psychological construct : it offers during that period the possibility to establish relations between the targeted psychological construct and the different factors that are connected to the more or less precocity of its achievement within the normal range of variations. Thirdly, it facilitates the conception of a multifactorial view of psychological construction from two point of views. One concerns the environmental factors that contribute to a psychological construction, what is referred to ordinarily by an expression such as « multifactorial design ». The other has to do with differences between children on the internal plane : a unique environmental setting may raise different functions in different children (this phenomen is generally called « vicariances » in french differential psychology, Ohlmann, 1995), especially during the construction period of a psychological ability.

This combination of longitudinal and differential approaches offers, it seems to me, a powerful means to overcome the nativists or solipsists conceptions of psychological functioning, so commonly associated with the classical experimental and intergroup comparative designs of cognitive psychology, and to offer the sociocultural perspective a useful paradigm for the empirical assessment of many of its main heuristic views.
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Summary

The chapter focusses on the role of discursive activities on the development of children's abilities to attribute mental states to others (and oneself). It compares first, on this topic, the current developmental models, then it presents recent empirical evidences supporting the hypothesis of a strong relationship between discursive activities and the development of the ability to conceive and attribute beliefs.

Recent models referring to the development of a "theory of mind" in children are first briefly presented and discussed. It is argued that neither of them explains appropriately the late development of beliefs in comparison to the development of other mental states such as intentional or attentional ones. The search of universals in the development of children's concept of mind  - a common characteristic of these models, is then confronted to the brunerian view that the children's conception of mind is actually issued of complex enculturation processes among which discursive activities play a central role, both as a provider of informations about the Folk Psychology in the culture, and as a basis of the experience to be an actor in discourse, i.e. to be confronted to the discovery and the negotiation of beliefs in everyday conversations.

Empirical investigations of such enculturation processes are then considered focussing on three main questions. First, the contribution of comparative studies between deaf and hearing children is evaluated, as these studies indicate that a drastic restriction of conversational experience is correlated with a delay in belief understanding. Then we focus on studies that conclude to a contribution of the contents of maternal discourse on children's conceptualization of mental states and present the results of a longitudinal study of a group of 50 children aged 36 and 42 months confirming a specific link between the contents of maternal discourse (emotional on the one hand, cognitive on the other hand) to 36-month-olds and the mastery of mental state attribution tasks (respectively emotional or cognitive ones) by children when they are 42 month old. 

Finally, it is proposed to study the relations between discourse praxis and the development of beliefs in preschool children introducing a new perspective which considers the relations between the stored knowledge issued from conversational experience in children, and their abilities to conceive and attribute beliefs. To illustrate this new perspective, we present a first empirical investigation of these relationships using a set of 4 tasks assessing conversational awareness and  classical mental states attribution tasks.

It is thus concluded that the concept of belief -and more generally perhaps the representation of mind-  develops during pre school years in deep connection with discursive experience. Some general considerations underline also, finally, the methodological advantages the sociocultural perspective can gain from empirical studies using both between groups intracultural comparisons, and interindividual differences during a critical period of change as sources of informations.
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