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Abstract 

At the beginning of every learning or developmental process behaviors can be 
described as determined simultaneously by two different knowledge systems. 
A rather achieved and automatized system integrating a large amount of 
information in a 'direct' way (bottum-up) reveals itself in practical forms of 
knowledge. Another system in elaboration reveals itself in conceptual forms 
which select and reinterpret subsamples of information that are relevant 
regarding the pursued goals. These two systems maintain hierarchical and 
fairly complex relations which reverse over time: The conceptual forms 
produced by the new knowledge system are initially directed or framed by the 
practical forms of the previous system, but finally end up controlling and 
integrating them. The term practical is attributed to every automatized 
behavior (material or mental) for which all the previous cognitive activities 
having constituted it are not accessible or explicitable anymore. 

Introduction 

The emergence of new 'sensorimotor' skills in infants, such as the various 
types of reaching for objects or the various solutions in the object retrieval 
tasks, have been considered by many psychologists as independent from 
cognitive or conceptual development (for instance,
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Hofsten, 1990; Mandler, 1988; Thelen, 1989). In particular, the natural 
dynamic perspective developed by Kugler, Kelso & Turvey, (1982; See 
also chapter 5 of Zanone et al. this volume) proscribes the notion of 
central systems. The position I intend to defend is precisely the opposite 
one: The emergence of any new skill during infancy, and also during the 
entire lifespan, results from the involvement of new conceptualizations, 
new categorizations: That is, stated in a more simple way, from new 
knowledge. But it is crucial to add that new conceptualizations can only 
be elaborated on the basis of practical forms of knowledge directed by a 
previous system. For me new knowledge is produced by new systems of 
representation and processing which are specialized for 
conceptualisation. These are the conscious products of our mind that 
play a temporary but necessary role in the developmental process. From 
this point of view new skills originate from initial conscious 
conceptualizations before giving rise to new practical forms of 
knowledge, which can be more or less automatized (Mounoud, 1990b). 

In this chapter I will present the transformation of knowledge in 
children, which psychologists, in the beginning of the century called the 
development of intelligence, and which they call today the development 
of central systems. I have to make clear from now on that I am much 
more interested in central systems than in specific modules. In 
opposition to Fodor (1983) I believe that central systems are the major 
topic in psychology. Thus, I consider that knowledge is expressed as 
much in recognition or recall behaviors as in language production or 
imitation, or in visual tracking, spatial localization, or reaching for 
objects in various contexts (lying on a support, moving, located behind a 
screen, hidden in various places, varying in size, orientation, 
localization, weight). From my point of view all these behaviors 
manifest the presence of knowledge or concepts related to objects, 
events or actions. These concepts (or categories) can be already well 
constituted and automatized (sensorial input having a direct access to 
them) or by contrast they can be in the process of elaboration. As far as 
infancy is concerned, these terms (concepts, categories) may seem 
inappropriate. Nevertheless, as colleagues like Spelke (1991) or 
Mandler (1988) among others do, I will use them, taking the care to 
distinguish various levels of conceptualisation. Conceptualizations
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manifested by a newborn are different from those manifested by, say, a 
3-month-old, a 12-month-old or a 6-year-old child. These levels 
correspond to different mental organizations or structures (or 
representational processing systems) which I call in this chapter 
knowledge systems. 

From this perspective, instead of being interested in the specificity 
of various domains, I am more interested in what is general or common 
to different behaviors for a given level of development as well as in the 
general mechanisms or processes of change between levels (Mounoud, 
1986b). This is not to deny the specificity of each domain but rather to 
suggest a focus of attention. It is worth mentioning that some 
neopiagetians like Case (1985) or Pascual Leone (1987) also argue in 
favour of general mechanisms, obviously in addition to the specific 
ones. 
 
The distinction between two types of intelligence or knowledge 
 
Independently from the distinctions between domains, researchers in 
human sciences have introduced at least from the beginning of the 
century an opposition between two types of intelligence or knowledge 
most often termed 'practical' or 'concrete' intelligence (or situational 
intelligence) and 'conceptual' or 'representative' intelligence (or 
discursive or verbal intelligence). 

These two types of intelligence have been used to confront levels 
of development between species (humans as opposed to apes, Koehler 
1917), or in a given species between phylogenetic levels (like in the 
ethnographic studies on the genesis of the simple tools done by Leroi-
Gourhan (1964) (homo habilis versus homo sapiens)), or between 
ontogenetic stages (Piaget, 1936; Rey, 1934; Wallon, 1945), or finally 
between categories of impairments resulting from cerebral lesions, in 
particular between various types of apraxia or agnosia (without 
mentioning asymbolia and aphasia) (Seron & Feyereisen, 1987). It is 
possible to relate these two types of knowledge to the opposition usually 
made between intuitive and rational knowledge. 
This opposition between practical and conceptual knowledge remains 
present in cognitive psychology under various labels more or
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less related to the initial ones, like for example, between procedural and 
declarative knowledge, between know-how and knowledge, between 
symbolic and non symbolic processing levels, between knowledge 
accessible to consciousness or not accessible (as data base) or finally 
between implicit or explicit memories. 

In summary, these oppositions have been most often used in the 
past to characterize non contemporaneous levels and systems of 
knowledge, but also, as is currently the case, to confront 
contemporaneous systems of knowledge that are usually considered to 
be different in nature and clearly dissociated. 

In Piaget's writing (1936) it is possible to find both perspectives 
simultaneously (differences between levels and nature or differences in 
nature). On the one hand he opposed infants' non symbolic sensorimotor 
intelligence to children's symbolic representative intelligence, the latter 
derivating from the former. On the other hand he considered that 
sensorimotor intelligence is extended into two independent parallel 
directions: Into practical intelligence 'which continues to exist under 
verbal or conceptual realities' which defines 'decalage' in extension 
(relabelled later on horizontal decalage) and into representative 
intelligence characterizing the emergence of thought which defines 
decalage in intension (relabelled later on vertical decalage). It is well 
known that after the sensorimotor period, Piaget studied and 
emphasized quite exclusively the development of the so-called 
representative intelligence and had very little interest in the practical 
one (except much later in his book 'Success and understanding', Piaget, 
1974). At the same period, Rey (1934) developed a quite similar theory 
but in a certain way symetrical to the one of Piaget (which he was aware 
of). He opposed the development of practical behaviors 'which allow us 
to solve most daily life problems' to the development of rational thought 
considered as 'more or less fortunate consciousness related to 
relationships directing activity' (Rey, 1934, p. 222). Nevertheless, he 
admitted that these superstructures (rational thought) can sometimes 
facilitate practical activities in return. Within such a point of view it is 
clear that his research interests have been preferentially oriented 
towards the study of practical behavior (contrary to Piaget). 
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Ever since 1968 in my doctoral dissertation (Mounoud, 1968, 

1970), I have strongly questioned the possibility of using the opposition 
between 'practical' and 'conceptual' knowledge in order to differentiate 
the nature or the levels between knowledge systems, as did Piaget and 
Wallon, for instance. By contrast, I suggested that the adjectives 
'practical' and 'conceptual' could be perfectly adequate for characterizing 
two forms (or two distinct states) of any given knowledge system. In the 
theory I tried to elaborate, the various knowledge systems are called 
'sensorial', 'perceptual', 'concrete' (previously labelled 'conceptual') and 
'formal'. Each one of these systems (different in nature) can appear 
under two different forms: That is, conceptual and practical. 

On the basis of the above claims, it is possible to state that: (1) 
The practical forms of a given knowledge system result (onto- or 
phylogenetically) from the previous conceptual forms of the same 
system which have become sedimented (or encapsulated), which are no 
more accessible to consciousness (or which are no more explicitable); 
(2) the practical forms of a given knowledge system can only be 
qualitatively modified or transformed by means of conceptual forms of a 
new, more abstract knowledge system; (3) reciprocally, the conceptual 
forms of a given knowledge system do not improve without involving 
the practical forms of an already elaborated knowledge system 
(consequently a purely contemplative way for conceptualizing called 
'the astronomer's perspective' by Lécuyer (1989) should be left out); (4) 
finally, if cognitive development in humans proceeds through stages, 
differences between two successive stages have nothing to do with the 
opposition between practical and conceptual. 
Moreover, in all subjects involved in a learning or developmental 
process there are simultaneously two knowledge systems ('sensorial' and 
'perceptual' for instance) which differ from each other by their relative 
maturity. A rather achieved and automatized system reveals itself in 
practical forms of knowledge, and another system in elaboration reveals 
itself in conceptual forms which reinterpret the incoming information. 
These two systems maintain hierarchical and fairly complex relations 
which reverse over time: The 'conceptual' forms produced by the new 
knowledge system are initially directed or
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framed by the 'practical' forms of the previous system, but finally end up 
controlling and integrating them. I will develop these ideas further. 

For the sake of clarity I have to specify that in my view an 
elaborated reasoning or an achieved theory also have to be considered as 
practical forms of knowledge, as know-how. The term 'practical' can be 
attributed to every automatized behavior (material or mental) for which 
all the paths, all the previous cognitive activities having constituted it 
are not accessible to consciousness anymore, not explicitable anymore 
(or only to some extent). 

Over the last twenty years I developed these ideas with various 
collaborators (Mounoud, 1971, 1979, 1986b, 1988, 1990; Mounoud & 
Hauert, 1982; Mounoud & Vinter, 1981; Hauert, 1980, 1990a; Vinter, 
1983, 1989; Mounoud, Badan & Zesiger, in preparation). 

Modifying the meaning of such an opposition between practical 
and conceptual knowledge, which is so strongly engraved in the history 
of psychology and also in daily life conceptions, is not an easy project. 
As of today, the idea of a diachronic difference between levels or a 
diachronic or synchronic difference in nature between two systems is 
more prominent than the idea of differences limited to the degree of 
achievement, to the degree of accessibility or explicitability of any 
given knowledge system. 

I will now present my conception relative to the qualitative 
changes from one level of organization to another level. As we have 
seen, a classical solution is to oppose a practical or concrete level to a 
conceptual or representative one. I have already explained my 
disagreement with such a solution. I will then illustrate this conception 
by means of the development of reaching behaviors. Finally, I will 
summarize Jean Mandler's theory (1988). She tried, as I did, to suggest a 
model of cognitive development of the infant based on a dual 
representational system. For her, as we shall see further, sensorimotor 
knowledge and conceptual knowledge develop simultaneously and in 
parallel. 
Behavioral development as a process of conceptualisation 

One of the major problems in the study of behavioral development is to 
understand how the child moves from one organization to the next, 
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which is usually considered as qualitatively different and most often 
better regarding the subject's adaptation to the encountered 
environments (physical, social, ...). 

I will try to formulate my thesis independently from any specific 
level of development. Every behavior of a subject involved in a 
developmental or learning process can be described as determined 
simultaneously by two different knowledge systems (each system 
being constituted by representations coupled with procedures). 

There is on the one hand a first knowledge system composed of 
constituted and sedimented representations (or encapsulated) (to which 
sensorial inputs have a direct access) merged with automatized action 
procedures. This first knowledge system is expressed in practical 
forms. 

There is on the other hand a second knowledge system composed 
of representations in elaboration (status nascendi) coupled with action 
procedures in elaboration as well. This second knowledge system 
initially produces knowledge in conceptual forms, demonstrating an 
actual process of conscious construction, bringing accessible 
representations into play. 

In summary, these two contemporaneous representational 
systems express themselves under two different forms which 
correspond to the 'practical' and 'conceptual' forms previously 
described; they simultaneously define two kinds of action planning and 
control (sometimes called 'triggered' and 'controlled'), two types of 
functioning (automatized versus voluntary or bottom-up versus top-
down). It would also be possible to compare these two knowledge 
systems with the two selection systems for thought or action schemes 
defined by Shallice (1991): That is, the automatized system called 
'contention scheduling' and the supervisory system. 
The capacity to produce new behaviors, i.e. to elaborate new 
representations as well as new procedures, is due in children to the fact 
that new centers or new structures are brought into action (I have 
previously called those new coding systems). In adults the acquisition of 
new behavior (or the capacity to solve new problems) could be due to 
the reactivation of some centers or structures specialized for the 
conceptual and conscious elaboration of new dimensions or for the
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reelaboration of some already known dimensions in a new context. 
These specialized centers would be temporarily brought into action 
until new routines more or less automatized (practical forms of 
knowledge) are established (Mounoud, 1988; 1990b). 

These new centers (or new knowledge systems) are supposed to 
analyze only a subsample of the dimensions or information automatically 
processed by the previous centers during the execution of complex 
actions. These analyses give rise to new representations. At the 
beginning of the process these new representations or conceptions are 
necessarily elementary. This precisely results from the selection 
operated by the new centers with regard to the previous ones. 

These new elementary representations are used by the knowledge 
system to elaborate new action procedures (necessarily simple or 
elementary as well) limited to a single elementary goal, to a simple 
action, to a single dimension or idea. These new procedures 
progressively substitute themselves to, or inhibit, the previous ones. 

Then the various elementary representations and procedures are 
going to be composed, first by juxtaposition and then by a more organic 
integration, in order to constitute a new totality, new global 
representations at the origin of a new complex behavior (as for instance 
the apparition of adult type reaching in the one-year-old child, in which 
the reaching and grasping phases are not simply juxtaposed any more 
but rather integrated; or as in the apparition of the first words, in which 
syllables are not juxtaposed anymore as in babbling, but rather 
integrated as a whole). 

On the basis of the above statements, it is now possible to define 
what I suggest we call the process of conceptualisation (also previously 
called 'construction of new representations' (Mounoud, 1979) or 
'thematizing process' (Mounoud, 1988)). This is the process by which, 
during activities (mental or material) that are controlled by the 
constituted knowledge system, the subject consciously selects or 
samples information that is relevant regarding the pursued goals, by 
means of the new knowledge system, which brings this new 
information into representation. The simultaneous existence of two 
knowledge systems in parallel constitute the dynamic of the 
developmental process. The motor of development, according to 
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Piaget's formula, would not be the action, as he stated it but rather the 
dialectical relations between knowledge systems. 

By means of these representations the subject will be able to 
establish new relationships or comparisons between objects or events, 
between parts of objects, between actions and above all between objects 
and actions. These comparisons are at the origin of new inferences, new 
links between meanings, temporarily accessible to consciousness or 
explicitable, at least partly. This is what Piaget (1936) following 
Claparéde (1933) called relations of implication in a broad sense. 
Claparède defined implications as 'associations accompanied by a sense 
of necessity proceeding from inside and not generated by repetition'. 
(This definition perfectly reflects the process of conceptualisation of the 
author!). For me this 'sense of necessity' is due to the fact that these 
'associations' or 'relationships' are established by the new knowledge 
system during the execution of activities controlled by the previous 
knowledge system. This is the functioning of the subject determined by 
previous knowledge (inaccessible to consciousness) which confers to 
the new 'conceptual' knowledge in elaboration its value of necessity. 
This is a crucial point. 

As a matter of fact, this process would not function in a 
satisfactory way if the activities of the subject were not determined by 
previous knowledge (resulting themselves of course from a previous 
genesis). Without such a partial predetermination the explanation of the 
origin of new behaviors should be seeked in randomly produced 
behaviors. I will once again quote Piaget (1937): 'The results (of 
experience), most of them being fortuituous, acquire nevertheless 
meanings by means of hidden but acting schemes that enlighten them' 
(Piaget, 1937, p. 350). These 'hidden schemes' correspond to what is 
now called encapsulated or modularized knowledge, or sedimental 
representations. 

It is clear that as new conscious inferences, implications or 
relations are constituted, new procedures for action planning and control 
are elaborated. As already mentioned these new procedures are going to 
substitute themselves to the previous ones, on which they have an 
inhibitory action before taking them under control and integrating or 
incorporating them. 
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Putting so much emphasis to the previous knowledge in the 

process of acquisition of new behaviors leads me to criticize, as I did 
elsewhere (Mounoud, 1990a), purely inductive theories related to the 
development of categorization, as for instance those suggested by 
Harnad (1987) in psychology and by Edelman (1987) in developmental 
neurobiology. From my point of view, ignoring initial categorization 
abilities prior to the process they describe gives a wrong picture of the 
developmental process. 
 
Illustration of the conceptualizing process 
 
I consider the development of reaching behaviors an ideal illustration of 
the conceptualizing process even though, for many colleagues, it is 
conceived as concerning only motoric activities having nothing to do 
with symbolic representations. 

Reaching the object presupposes at least the coordination of three 
major systems: The eye-head system, the arm-hand system and the 
postural system. In addition, it is possible to consider the act of reaching 
as a complex action that can be decomposed, in a schematic way, into 
two elementary actions: Reaching and grasping. From birth on the 
newborn shows evidence of coordinated or integrated activities between 
these three systems and displays a behavior described as a precocious 
type of reaching considered as non functional (Hofsten, 1982). This 
precocious reach realizes or simulates the two major functions of this 
complex behavior: The arm extension for the reaching aspect and the 
hand opening and closing in the direction of visually perceived objects 
most often in movement (of course in specific conditions or in particular 
contexts). 

In order to describe the coordination exhibited by the newborn in 
this type of behavior (phase 1), various terms have been used (besides 
coordination), particularly those of synergy, coupling or pattern as well 
as the following expressions: Tight coupling (Rosenbaum, 1991), 
movements synergetically coupled (von Hofsten, 1990), perfectly 
integrated pattern (Halverson, 1931), inter-sensorimotor coordination 
(Mounoud & Vinter, 1981) and also coordinative structures (Bernstein, 
1967; Kugler, Kelso & Turvey, 1982). 
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Subsequent developments of newborn's behaviors have been 

described by means of a progressive dissociation of the initial 
coordination (phase 2). Again various expressions have been used, like 
interruption of coupling or decoupling, broken up synergy, 
individualization of partial patterns, and inhibition of reflexive and 
automatic behaviors, etc. 

These descriptions in terms of breaking or inhibition are followed 
by descriptions expressed again in terms of coordination, integration, 
synergy, sequencing or composing, which reveal the emergence of new 
skills usually qualified as conscious or voluntary behaviors (phase 3). 
Von Hofsten for example describes this phase in the following way, 
'integrating and synchronizing subactions in a continuous sequence' (von 
Hofsten, 1990). Similar analysis of the reaching and grasping 
development (coupling - decoupling - integrating) have been given 
throughout the century (cf. in particular Halverson, 1931, von Hofsten, 
1990). 

Nevertheless, there is another type of partially divergent 
descriptions that I will call 'Piaget type' descriptions. For Piaget the 
developmental sequence during the first months of life corresponds to a 
shift from initially isolated activities (non coordinated or heterogeneous 
activities) to coordinated ones. (N.B. It is true that for Piaget even an 
isolated scheme is still a coordinated structure, a structure that 
coordinates actions and perceptions or means and ends. Nevertheless, a 
coordinated structure can be isolated from other coordinated structures). 
White, Castle and Held (1964) have used Piaget's theory to interpret the 
developmental stages they have analyzed. They talked about the 
coordination of two systems called visuo-motor and tactilomotor. But it 
should be noted that their studies started with 1-monthold babies. At a 
descriptive level it is possible to consider the Piaget type version as a 
portion of the more complete version presented earlier. But at an 
interpretative level, it is a different story. What role does the initial 
coordination or coupling state play with regard to the subsequent 
phases? It is well known that for Piaget, isolate schemes coordinate with 
each others because of their natural tendency to
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assimilate reciprocally. I have criticized that aspect of his theory 
elsewhere (Mounoud, 1979). 

The development of reaching behaviors has also been analyzed 
from the point of view of the role of visual system. White, Castle & 
Held (1964), among many authors, have characterized a developmental 
trend going from visually controlled behaviors (from 3 to 5 months 
approximately) to visually triggered or elicited behaviors (at about 6 
months). On the contrary, other authors have considered the 
developmental shift as going from visually triggered to visually 
controlled behaviors, the shift taking place beyond 6 months of age 
(Bower, 1974). In order to conciliate these apparently incompatible 
views, we have to introduce the distinction between proximal and distal 
motor systems. In such a perspective, it seems possible to divide roughly 
the first year of life into two steps. 

During the first step going from birth to six months, the major 
changes concern the proximal aspects of the reaching behavior with the 
development of a crude palmar grasp and a still global coordination 
between shoulder and elbow articulations (cf. Manchester, 1988, for a 
review). In particular the regulation of the muscle tone is still crude and 
realized by means of simultaneous contractions of antagonistic muscle 
groups (Mounoud, 1973; Mounoud & Bower, 1974). The paper written 
by White, Castle & Held (1964) remains one of the best descriptions of 
this first step, in which the reaching behavior attains some kind of 'top 
level' (their term) during the sixth month of life. At this level, the 
reaching behavior has been described as visually triggered. During the 
previous months the proximal components of the reach are visually 
controlled (von Hofsten, 1990; Piaget, 1936). 

The second step, covering the second half of the first year, 
concerns the development of the distal motor system related to the fine 
grasp (characterized by a high degree of differentiation between fingers) 
and the integration between the proximal and distal systems producing 
refined coordination between shoulder, elbow and wrist articulations as 
well as fingers adjustment. The approach towards the object becomes 
direct. During this second step, mainly between the 7th and the 10th 
month, the visual control takes up a major role again with regard to hand 
orientation, finger extension, hand shaping and 
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temporal planification of the grasp. This time, however, the visual 
control is related to the distal aspects of the behavior. 

The importance of the visual control during this second step has 
recently been emphasized by Diamond and Gilbert (1989) in their 
research on reaching for objects located behind a transparent barrier 
(called the object retrieval task). It is between 6 1/2 and 8 1/2 months of 
age that children need to keep a strict correspondence between their line 
of sight and their line of grasp. In other words, they constantly have to 
control the hand and object relative positions. 

It is surprizing to notice that some recent papers on the role of 
visual control in reaching have only studied 5- and 7-month-old infants, 
especially since they were replicating the research done by Wishart et al. 
(1978) with babies from 4 to 11 months. This is particularly true in the 
research done on reaching in the dark (Stark et al., 1989; Clifton et al., 
1991). From my point of view the age of 7 months characterizes the 
achievement of the proximal motor activity as much as the beginning of 
its distal motor activity. Consequently, it would be necessary to study 
the role of visual control at least up to the end of the first year. For 
example Morrongiello and Rocca (1989) speak about an increasing 
visual control with respect to hand orientation during the act of reaching 
between 5 and 9 months of age. 

Our own research on reaching for objects changing location after 
movement initiation in infants aged 5 to 14 months also demonstrates 
the predominant role of visual control, in particular for the 9-montholds 
as compared to the 7- and 12-month-old infants (Mounoud et al., 1991). 
Fetters and Todd (1987) mention a tendency to an increase in the 
number of units per reach in the 7- and 9-month-olds in comparison to 
the 5-month-olds. 

We have seen the importance to distinguish levels of visuomotor 
control with regard to the proximal and distal aspects of the reaching as 
underlined by Morrongiello and Rocca (1989) in the discussion of their 
paper. 
Around the end of the first year a type of reaching, considered by 
Halverson (1931) as very similar to the adult's type, appears. The role of 
visual control during execution is not as crucial as during the preceeding 
months. The behavior can be considered again as visually
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triggered in a broad sense, even though for many aspects visual control 
remains essential during the execution of the movement (Biguer et al., 
1985). 

The interpretation I would like to suggest is the following: The 
tight coupling or synergy characterizing the newborn behavior described 
as precocious reaching (and decreasingly displayed during the first 
months of life) is determined by constituted and sedimented 
representations (encapsulated) that I have suggested to call 'sensorial". 
These representations are merged with automatized sensorimotor 
procedures (the practical form of the first knowledge system). This is an 
attempt to describe in psychological terms the functions realized by 
predominantly subcortical structures which determine the initial 
precocious coordination. 

All the behaviors described as dissociated, decoupled, isolated or 
individualized, result from the new 'perceptual' representations in 
elaboration (the conceptual form of the new perceptual knowledge 
system) coupled with perceptivo-motor procedures also in elaboration. 
These representations and procedures are elementary at the beginning, 
they only concern simple actions fulfilling elementary functions, 
isolated and selected features of the objects. During this period there are 
no more reaching behaviors in a strict sense but only partly isolated 
fragments or elements. Examples of such limited behaviors can be 
observed in infants during the second or third month of life, like 
opening and closing the hand, rotating the wrist or extending and flexing 
the elbow under visual control. By means of these behaviors the infant 
becomes aware of the various segments of his/her body and their 
functions (new perceptual representations) and gains a progressive 
control over them (new perceptivo-motor procedures). The infant 
discovers the various features of the objects and their meaning in a 
similar way through perception and motoric explorations. Consequently, 
the importance of the visual control during this period will be revealed 
by the study of fragmentary behaviors described above rather than by 
the study of reaching behaviors in a strict sense. 

The progressive dissociation or decoupling of the newborn's 
synergistic activities is a consequence of the elaboration of 
representations and procedures by the new knowledge system (or the 
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new processing centers). By means of these elementary representations 
the infant becomes able to attribute meanings to some features of his 
body or of the objects encountered, by means of the elementary 
procedures he/she becomes able to control simple actions. These 
elementary representations and procedures are progressively going to 
combine or compose with each others, initially by simple juxtaposition 
or sequencing and later on by coordinating or integrating into new 
complex representations and procedures. This is supposed to explain the 
emergence at about 12 months of the adult type reaching (in which the 
reaching and grasping phases are not simply juxtaposed anymore but 
rather integrated). 

I have only initiated the first steps of the history of the reaching 
behavior. The subsequent steps or phases during the second and third 
years could be analyzed for example by means of the grasping and lifting 
of objects varying in weight and size (Hauert, 1980; Forssberg, in press; 
Mounoud & Hauert, 1982) or by means of the fitting together forms 
varying in size: First, the child performs simple embeddings of forms 
which necessitate the combined and differentiated activity of the two 
hands (second year); then, he/she becomes able to produce complex 
embeddings of objects of variable size, which necessitate the planning 
of the entire action sequence (third year) (cf. for example the remarkable 
study done by Greenfield et al., 1972). Obviously it is possible to 
integrate in the history of reaching for objects the various tasks designed 
to study the so-called object permanency, including the A not B task 
which we will discuss further with respect to Mandler. 

Many researchers will consider this overview too superficial for a 
valuable discussion. On the contrary, I will argue that it is necessary to 
stay at a general level to keep in mind the central problem of this paper, 
that I will now try to reformulate. 
It is relatively usual to consider the development of reaching behavior as 
mainly determined by the maturation of the ventromedian and 
dorsolateral systems. Such an explanation is quite exclusively motoric. 
Nevertheless, it is also possible to characterize the development of 
reaching during the first year by a major shift in the control structure 
moving from subcortical to cortical structures (in
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particular frontal and parietal areas). In such a perspective the question 
raised in this chapter could be expressed as follows: 
 
What is the origin of the organization of the new knowledge system 
which progressively takes the skills under control? 
or 
How are the new processing centers (or structures) which control new 
skills structured ? 
 
Four different hypotheses can be considered: 
 
1. The organization of the new centers or systems is preformed; 
development manifests only the progressive maturation of these centers. 
Spelke's (1991) position could correspond to this first hypothesis. 
 
2. The organization of the new centers comes from a redescription, 
transposition or an abstraction from other centers already organized 
(ahead of the development process under study). This hypothesis 
corresponds to the reflexive abstraction process suggested by Piaget 
(1967, 1977), to the representational redescription process suggested by 
Karmiloff-Smith (1991) and to previous versions of the model I have 
presented here (for example, Mounoud, 1979, 1986a). 
 
3. The organization of the new centers comes basically from the 
structure of the situations the subject is confronted with (with no major 
role played by the organization of previous centers or of previous 
knowledge). This hypothesis could correspond partly to Mandler's 
model that I am going to present, as well as to Harnad's model (1987) or 
Edelman's model (1987). 
 
4. The organization of the new centers comes from experiences 
realized by the subject with his/her different environments but during 
activities determined by previously organized centers (or knowledge 
system). It is what I have called the indirect filiation. This hypothesis 
corresponds to the position I have developed in this chapter and to the 
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model recently published by Morton & Johnson (1991) related to the 
development of face recognition. 
 
Jean Mandler's dual representational system 
 
In her recipe for building a baby ('How to build a baby') that I found 
spicy, Mandler (1988) defines what she calls a dual representational 
system. On the one hand, there is a sensorimotor knowledge system (or 
sensorimotor procedures) based on sensorimotor, non symbolic 
representations, and on the other hand, there is a conceptual knowledge 
system (or declarative knowledge), based on conceptual and symbolic 
representations. The existence of this second system is due to the 
human infant's innate capacity to symbolize. These two systems 
develop simultaneously and in parallel. She makes clear that conceptual 
knowledge is not due to a transformation of procedural knowledge. 
Nevertheless, both knowledge systems are interconnected and influence 
each other (op. cit. Mandler, 1988, p. 132). These two systems differ in 
the following way: Sensorimotor knowledge is not accessible to 
consciousness, its acquisition does not require conscious 
accompaniment (op. cit., p. 115), whereas conceptual knowledge is 
accessible to consciousness, accessible for purposes of recall or 
thinking, has the potential of being brought to conscious awareness or 
is potentially expressible knowledge (op. cit., p. 116). They differ with 
regard to their respective origins as well. Sensorimotor knowledge is 
derived from perceptual input, based on what objects look like, 
without adding something 'above or beyond what the object looks like' 
(op. cit., p. 118); but sensorimotor knowledge is nevertheless 'preset to 
parse the perceptual array into objects' (op. cit., p. 118). Conceptual 
knowledge is based on a process of elaboration of perceptual input, 
resulting from perceptual analysis, equivalent to a mental comparison 
process (comparing two objects with each other simultaneously or 
sequentially). 

Conceptual knowledge arises in situations or tasks requesting a 
recall of objects, and sensorimotor or procedural knowledge comes 
into play in situations requiring only the object's recognition without 
any necessity to recall past events or to imagine the future. As 
examples of 
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sensorimotor knowledge, Mandler mentions the infant's first 
conceptions of objects described by Spelke (1985) as unitary and 
bounded. By contrast the experiment done by Baillargeon, Spelke and 
Wasserman (1985) on object permanence or constancy necessitates for 
her the ability to recall (op. cit., p. 124), which requires by definition 'an 
accessible knowledge representation' (op. cit., p. 123). In a similar way 
the acquisition of sign language by infants aged 5 1/2 to 7 months (e.g. 
Prinz & Prinz, 1979) or of deferred imitation in 9-month-olds (Meltzoff, 
1988) requires conscious conceptual knowledge as well (op. cit., p. 
121). But activities like reaching for objects necessitate only 
sensorimotor knowledge. Nevertheless, riding a bike or typing are 'skills 
(that) require extensive conscious processing during the early stages of 
their acquisition' (op. cit., p. 115). 

I have to confess that I have difficulties in understanding the 
criteria producing such a dichotomy. Are all behaviors which require 
only a direct perceptual contact with the environment dependent upon 
sensorimotor non symbolic knowledge? Or, reciprocally, are all 
situations which necessitate the adjonction (by inferences) of 
information not included in the perceptual array in order to be 
understood dependent upon conceptual knowledge? It sounds very 
similar to Piaget's sensorimotor theory (Piaget, 1936, 1937), the major 
difference being the existence of symbolic conceptual knowledge from 
birth or very early in life in Mandler's model, whereas for Piaget 
symbolic representations would appear only with the symbolic function 
at about 18 months. But for Piaget the symbolic function does not 
appear overnight; it progressively emerges through imitative behaviors. 
In this perspective Piaget described various behaviors demonstrating the 
emergence of the growing capacity to symbolize during the first year of 
life. In fact Mandler refers precisely to some of them as the 'motor 
recognition' activity or behavior described by Piaget in the 5- or 6-
month-olds, in order to testify the presence of very precocious symbolic 
activity (Mandler, 1988, p. 120). Consequently in a certain way their 
position are quite close. Nevertheless, given their basically divergent 
epistemological options, as we will see later on, this proximity is 
relative. 
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Albeit I was very seduced by Mandler's ideas, I disagree with her 

on many problems which I will now systematically consider. 

Problems related to early object concepts (in 3 1/2- to 4 1/2-month-
olds) 
 
The thesis held by Mandler concerning the fact that 'infants perceive 
objects as bounded and unitary' is the following. She considers that 
'although early concepts about objects are undoubtedly derived from 
perceptual input, the data of Spelke and others do not in and for 
themselves speak to conceptual knowledge as defined here'. Her 
arguments are the following: 'To say that an inherent conception of the 
physical world determines infant perception (Spelke, 1985) may mean 
no more than that the system is preset to parse the perceptual array into 
objects rather than, say, color patches. There is nothing antithetic to the 
notion of an exclusively sensorimotor form of representation in this 
view'. 

I consider that at 3 1/2- or 4 1/2-months, infants already had the 
opportunity to analyze perceptually very many situations they have been 
confronted with, by means of their visuo-motor systems. For some 
researchers, they have even already substituted a visual system to 
another, the former being more cortical and the latter more subcortical 
(cf. Morton & Johnson, 1991). Consequently, from my point of view 
their knowledge or conceptions about objects are not exclusively (and 
undoubtedly!) derivated from the actual perceptual arrays, or based on 
'how objects look like', or 'without adding' anything to perceptual arrays, 
in other words based exclusively on sensorimotor representations not 
accessible to consciousness as Mandler claims. As a matter of fact, as I 
already stated, the conceptual knowledge for Mandler results from a 
perceptual analysis or comparison process, precisely what 3 1/2- or 4 
1/2-month-old infants have already been doing during a few weeks or 
months. Therefore the first 'concepts' of objects could perfectly 
correspond to conceptual knowledge as defined by her. 
On the other hand, if early 'concepts' were based on sensorimotor 
knowledge or representations, the question of their origin or genesis 
remains open (phylo- or embryogenesis). How have these
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representations been constituted? Is their origin purely perceptual? Are 
motoric components involved in their construction ? Are their origins 
perceptual and motoric simultaneously? Answers to these questions will 
be proposed by addressing further issues related to Mandler's paper. 
 
Problems related to object permanence in 8- to 12-month-old infants 
 
I will briefly introduce an experimental situation initially imagined by 
Piaget (1936, 1937) in order to study substages in the construction of 
object sensorimotor knowledge or schemes (stages in object 
permanence). 

At about 7 1/2- to 8-months, infants are able to reach successfully 
for an object hidden under a cover at a given location in front of them 
that will be called A. They rise the cover in order to grasp for the object. 
After having repeated such a situation two or three times with the infant, 
Piaget had the idea to hide the object at a different location, under a 
second cover called B, located next to the first one (A) which is still on 
the table. He observed that around 8 months of age infants had a strong 
tendency to search for the object under A instead of B. This 'error', 
initially called 'stage IV error' and more recently 'A-not-B error", 
became famous in the psychological literature. It has been recently 
demonstrated by Diamond (1985) that all infants between 7 and 12 
months of age produce this 'error' given a certain temporal delay 
between the time the object is hidden under cover B and the time the 
infant is allowed to initiate his/her search. The older the infant the 
bigger the delay requested for the error to appear. During the delay the 
child is not allowed to look at the table. Piaget interpreted this 'error' by 
a tendency of children at stage IV to search for objects in places where 
they have previously been successful (A). This was for him the index of 
a 'subjective' form of permanence related to a direct assimiliation of 
situations to the characteristics of their own actions (like their previous 
success for instance). 

A-not-B is defined by Mandler as 'a situation that sets up 
perseverative motor tendencies'. The error would be due to 'the failure to 
inhibit the previously trained, successful motor response' (op. cit, p. 
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125). It is true that such an explanation has been suggested by various 
authors, in particular by Diamond (1985) as quoted by Mandler. But the 
main explanation, more recently suggested by Diamond (1988), is based 
on the infants' limited abilities to relate information separated in space 
and/or in time. For me Diamond's hypothesis corresponds precisely to 
what Mandler calls the 'perceptual analysis' or 'comparison process', 
comparing two objects with each other simultaneously or sequentially 
(Mandler, 1988, p. 126). (This is what produces the conceptual 
knowledge, according to Mandler). Consequently it is possible to say 
that conceptual knowledge (Mandler's meaning) rather than 
perseverative motor tendency should explain the A-not-B error, or, 
moreover, that the inability to inhibit a response could be due to the 
limits of children's conceptual knowledge (what seems more satisfactory 
to me). This is exactly what Mandler rejects as we are going to see. 
 
Problems related to the status of some behaviors qualified as 'motoric' 
like reaching for objects 
 
Mandler's point of view concerning the reaching behaviors, and 
consequently situations like A-not-B, consists in saying that 'less than 
perfect performance on a motor task such as reaching cannot be taken as 
evidence for a lack of a conceptual system' (op. cit., p. 126). Moreover, 
she considers that 'reaching for an object is fundamentally different of 
having an image of that object' (op. cit., p. 131). And, finally, 'infants of 
6 months are not yet skilled at coordinating their motor responses' (op. 
cit, p. 126). What could be the origin of such a limitation? Is it really 
purely motoric ? 

As already stated, reaching for an object is not a purely motoric 
behavior that would necessitate only sensorimotor knowledge issued 
from a direct contact with the perceptual array (or based on the 
information directly available in the perceptual array), without 
necessitating recall of past events or plan for future events. 
Reaching for objects even for children from 8 to 12 months of age is a 
task that requires new conceptualizations, new conscious conceptual 
knowledge as they have been defined by Mandler as recall of
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past events. The development of reaching behaviors, as we have seen in 
the illustration of the process of conceptualisation, seems to me very 
similar to the development of imitative behavior like blinking the eyes 
or sticking out the tongue, both taken by Mandler as examples for the 
development of conceptual knowledge, precisely in 8- to 12-month-old 
children. Incidentally, I wish to mention that Baillargeon also rejects a 
motor-deficiency-based explanation of A-not-B in favor of conceptual 
one: That is, the inability to plan a means-end sequence (Baillargeon et 
al., 1990). 

This problem leads us to the last one raised by Mandler's paper, 
which concerns the origin of knowledge. 
 
The epistemological problem related to the origin of knowledge 
 
I will briefly recall Mandler's statements about the origin of 
sensorimotor and conceptual knowledge. 
 
Sensorimotor knowledge derives from perceptual input or is based upon 
'how the object looks like'. Sensorial inputs would have a direct access 
to unconscious sensorimotor representations (modules) which would 
interpret them instantaneously. Conceptual knowledge results from a 
mechanism called perceptual analysis (cf. supra). 

Mandler focuses her attention exclusively on the perceptual side of 
the elaborative process. Her statements have a strong empiricist flavor. 
In particular when she examines the development of imitative skills, she 
only considers the way infants visually analyze what the model does. 
But it is obviously not a purely perceptual task. Infants are requested to 
produce 'motoric' activities (to reproduce a model in action). They are 
equally involved in analyzing their own activities, the various 
components of their own behaviors, with most probably a major role 
played by the proprioceptive information related to movement. 
 
To summarize, motoric components cannot be separated from perceptual 
ones in a developmental process, the major problem being the matching 
between perceived models and reproductive activities or more generally 
between perceived data and produced activities. The 
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mechanism responsible for the elaboration of conceptual knowledge 
should at least be called perceptuo-motor analysis. 

However, and I have already underlined this point, perceptuo-
motor analysis at the origin of new relationships, new inferences and, 
consequently, of new conceptual knowledge in Mandler's terminology 
(or new 'perceptual' knowledge system in my terminology) are, only 
possible because the infant has a previous knowledge system (the 
'sensorial' one) which guides or directs his or her current activities and 
partially prefigures the new concepts. 

Concerning the examples referred (reaching and imitation) the 
previous knowledge system has been well analyzed in the newborn and 
corresponds to the constituted knowledge system. 
 
Discussion 
 
I will now discuss three questions in more details. 
 
The nature of the representational systems 
The first question concerns the nature of the representational systems, 
as for example the 'sensorial' and the 'perceptual' systems in infants. 
Mandler (1988) evokes sensorimotor (or procedural) and 
representational (or declarative) knowledge systems. The current 
dominant conception considers them as different (in nature), the 
sensorimotor one being qualified as peripheral structures inaccessible to 
consciousness (non symbolic modular or module like structures), and the 
perceptual or representational one as central structures accessible to 
consciousness and of course symbolic. As already stated the 
accessibility to consciousness is for me a transitory characteristic of the 
representations at certain stages of their development, inaccessibility to 
consciousness being in a certain way the final destiny of the majority of 
our representations. Consequently, I consider the various types of 
representations (sensorial, perceptual, concrete, and formal) as 
basically similar in nature which I term 'symbolic'. 
Nevertheless, these symbolic representations have various levels of 
abstraction (or idealization). Taking into account that 'perceptual' 
representations are abstracted in the course of actions directed by
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'sensorial' representations, they are both poorer, as they result from a 
new selection of information, and richer, as they introduce additional 
relationships, than the sensorial ones (cf. Mounoud, 1990a, Cognitive 
development as enrichment and/or impoverishment). The same principle 
is applicable to the subsequent representational systems called 'concrete' 
and 'formal". In addition, I have considered for a long time that the 
representations evolve during their construction or elaboration from an 
analogical to an abstract code (Mounoud, 1986a). Actually, the two 
coding systems seemingly do coexist ever since the beginning. They 
initially function in a disjunctive way and later on in a conjunctive way 
(Mounoud, 1990a). 
 
Relations between 'practical' and 'conceptual' knowledge 
The second question which I will now consider is: In which sense can a 
representational system (like the perceptual one) be a derivative from a 
previous one (the sensorial one) and from the related procedures? The 
answer I would like to suggest is in favor of an indirect derivation. First, 
it is possible to say that the 'perceptual' representations are not direct 
derivatives from the previous, sedimented ones ('sensorial') since they 
result from new samplings, new selections of information realized by a 
new knowledge system (or processing center). From this point of view I 
will be in agreement with Mandler (1988) who considers that the sole 
practice of sensorimotor knowledge would never make them accessible 
to consciousness, to conceptualisation (cf. supra). Second, I consider 
that 'perceptual' representations derive indirectly from the previous 
representations and procedures since the new samplings or selections of 
information are realized, at least at the beginning during activities 
determined by the 'sensorial' representations. Consequently, the newly 
constructed perceptual representations are oriented or indirectly 
determined by the structure of the ongoing activities. 
 
The origin of knowledge 
The second question leads us to the third and most important one 
concerning the constructive mechanisms of representations: Is the origin 
of new representations related to perceptual activities, or rather to motor 
activities or to perceptuo-motor activities (and in such a case 
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what will the respective role of each side be)? Is it related to the 
structure of the environment, or rather to the maturation of the nervous 
system? Or, finally, is it possible to consider the new representations as 
emergent properties of the system constituted by the subject and his/her 
environments? 

Regarding this epistemological problem, my feeling is that a large 
majority of my colleagues still has a strong bias in favor of the empiricist 
conception. For them, the main origin of constructed concepts or 
theories is to be found in perceptual analysis activities; the structure of 
the subject's motor activities for example is not at all taken into account. 
To illustrate this claim I will refer to the positions recently developed by 
two colleagues, Mandler (1988) and Medin (1989). Nevertheless, their 
points of view helped me a great deal to progress in my thinking. 

I will take the opportunity to mention the research conducted by 
my colleague Viviani demonstrating the role of the structure of motor 
activities in perceptual knowledge (visual perception) (Viviani & 
Stucchi, 1989). This phenomenon has incidently been discovered in the 
study we conducted together on visuo-manual tracking (Viviani, 
Campadelli & Mounoud, 1987; Viviani & Mounoud, 1990). In the 
analysis of our data we have realized that the perception of the target's 
trajectories could be influenced by the way our movements are 
organized in order to produce such trajectories. This has been 
demonstrated by the subsequent research. 
Regarding the epistemological problem, I emphasize the role played by 
the structure or the organization of the subject's activities, since new 
knowledge can only be acquired on the basis of previous, already 
constituted knowledge. Nevertheless, representations are not resulting 
directly from the internalization of actions or procedural schemes as 
Piaget claimed nor - and that seems equivalent to me - from 'a process 
of redescription that extracts the knowledge from the procedure', the 
'new acquired knowledge (being) also initially represented procedurally' 
as Karmiloff-Smith stated (1991). For me, information is selected during 
activities determined by a previous, already constituted knowledge 
system; they are not extracted from procedures, although I have held 
this view in the past, similarly to
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Piaget or Karmiloff (see for example Mounoud, 1986a). Indeed I 
thought that new 'perceptual' representations result directly from a 
dissociation of the integrated sensorial representations. 

Final comments 
 
I will briefly examine how some colleagues currently define the 
cognitive or intellectual activities. In his attempt to analyze intellectual 
activities, Richard (1991) starts from the opposition between abstract (or 
theoretical) and practical (or concrete) intelligence. For him the origin 
of such an opposition comes from psychometry. He considers it 
worthless in the information processing perspective. However, he uses 
oppositions reminiscent of those initially mentioned in this paper, like 
between symbolic and non symbolic information processing. 

He suggests to call intellectual activities 'the activities which 
bring into play inferences based upon explicitable knowledge, what is 
called reasoning'. On the one hand, he opposes them to the perceptual 
activities 'which consist essentially in extracting information from the 
stimuli' (bottom-up process), and, on the other hand, to the strongly 
automatized activities (the specialized knowledge typical from the 
expertise). Nevertheless, he recognizes that intellectual activities are 
constituents of the expertise, which is problematic for his classification 
(Richard, 1991). Furthermore, in addition to the stimulus dependent 
processes (bottom-up) considered by Richard, it is classical to 
distinguish in perceptual activities concept dependent processes based 
on representations or conceptualizations (top down) (Bonnet, 1989, 
1991). Bottom-up processes dependent on stimuli would be for a major 
part automatically performed by modules. But following Bonnet it 
would be similar 'for many concept dependent perceptual mechanisms, 
automatized through a constant practice'. 

What seems to emerge from these various, and partly 
contradictory, oppositions suggested by Richard (1991), is the 
opposition between automatic or automatized activities and non 
automatized activities typical from active elaboration procedures. This 
sounds to me very similar to the opposition between 'practical' and 
'conceptual' forms of any knowledge system. The underlying processes 
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to automatized or not automatized activities are not necessarily different 
in nature if they belong to the same knowledge system. Partially 
accessible to consciousness at the beginning of the acquisition of a new 
skill, the processes become inaccessible later on. 

Difficulties in classifying cognitive activities appear as well in the 
oppositions between recall and recognition in mnemonic processes 
(Lecocq, 1991). As an example, for Kintsch (1974), the access to 
semantic and episodic representations is automatic in recognition, 
whereas it is not automatic in recall which would necessitate the 
recourse to other types of information. On the contrary, for Tulving 
(1972), processes involved in recall and recognition are similar, only the 
efficiency of recovery indices would be different. 

Finally, I will mention how Shallice (1988, 1991), as a 
neuropsychologist, considers mental structures or central systems. For 
him the functions of the central systems are very closely related to those 
classically attributed to frontal cortex and concern in particular the 
planning, the regulation and the control of activities. He establishes a 
distinction between two systems: A decentralized system for routine 
selection of routine operations (action or thought schemas) called 
'contention scheduling' and a conscious supervisory system which 
operates by modulating (the lower level of) the decentralized system by 
activating or inhibiting particular action or thought schemas. 

Once again, we are confronted to the opposition between 
'automatized' and 'conscious' processes. 

To close this chapter I have thought it is interesting and worthwhile to 
bring together some divergent opinions of various colleagues in order to 
explore their similarities. I hope I have succeeded in bringing closer 
various domains and various concepts developed by colleagues 
encapsulated as I am in their domain of expertise. 

Acknowledgements . My thinking was stimulated during the summer 1991 by the various 
exchanges I had the opportunity to have, with Rachel Clifton and Renée Bailllargeon at the 
ISSBD meeting in Minneapolis, with Esther Thelen and her colleagues in Bloomington (Indiana 
University), with Adele Diamond and her collaborators in Philadelphia (University of 
Pennsylvania), with Mark Appelbaum, Kathryn Barnard, Liz Bates, Joe Campos, Bob Emde, 
Kurt Fischer, Marshall Haith, Mark Johnson, Jerry Kagan, Marian Radke-Yarrow and Andy 
Sameroff during the conference on 'Developmental transitions', organized by the MacArthur 
Early Childhood Transitions Network in Aspen, Colorado, as well as during the talking 

40 P. Mounoud 
 
sessions that took place at the 'Piaget à la montagne' seminar organized by Jacques 
Montangero within the Archives Jean Piaget Foundation. Dan Stern's commentaries 
and corrections on my paper have been very valuable. Finally, I would like to thank 
Françoise Schmitt for her valuable secretarial assistance and Anne Aubert, Maryse 
Badan, Claude-Alain Hauert, Denis Page and Pascal Zesiger for their strong support 
and very helpful comments all along the gestation of this paper. 

References 

Baillargeon, R., Graber, M., Devos, J., & Black, J. (1990). Why do 
young infants fail to search for hidden objects? (Until 7 to 8 
months). Cognition, 36, 255-284. 

Baillargeon, R., Spelke, E.S., & Wasserman, S. (1985). Object permanence 
in five-month-old infants. Cognition, 20, 191-208. Bernstein, N.A. 
(1967). The coordination and regulation of movements. Oxford: 
Pergamon Press. 

Biguer, B., Jeannerod, M., & Prablanc, C. (1985). The role of position of 
gaze in movement accuracy. In M.I. Posner & O.S.M. Marin (Eds.), 
Attention and performance XI (pp. 407-424). Hillsdale, NJ: 
Erlbaum. 

Bonnet, C. (1989). La perception visuelle des formes. In C. Bonnet, R. 
Ghiglione & J.F. Richard (Eds.), Traité de Psychologie Cognitive, 
vol. I (pp. 1-82). Paris: Dunod. 

Bonnet, C. (1991). Perception. In Grand Dictionnaire de la Psychologie 
(pp. 551-558). Paris: Laroussse. 

Bower, T.G.R. (1974). Development in infancy. San Francisco: Freeman. 
Butterworth, G.E. (1977). Object disappearance and error in Piaget's 
stage IV task. Journal of Experimental Child Psychology, 23, 
391-401 

Case, R. (1985). Intellectual development from birth to adulthood. New 
York: Academic Press. 

Claparède, E. (1933). La genèse de l'hypothèse. Archives de 
Psychologie, 24, 1-155. 

Clifton, R.K., Rochat, P., Litovsky, R.Y., & Perris, E.E. (1991). Object 
representation guides infants' reaching in the dark. Journal of 
Experimental Psychology: Human Perception and Performance, 
17, 323-329. 



Emergence of new skills 41 

 
Diamond, A. (1985). Development of the ability to use recall to guide 

action, as indicated by infants' performance on A-not-B. Child 
Development, 56, 868-883. 

Diamond, A. (1988). Differences between adult and infant cognition: Is 
the crucial variable presence or absence of language? In L. 
Weiskrantz (Ed.), Thought without language (pp. 337-370). 
Oxford: Clarendon Press. 

Diamond, A., & Gilbert, J. (1989). Development as progressive 
inhibitory control of action: Retrieval of a contiguous object. 
Cognitive Development, 4, 223-249. 

Edelman, G.M. (1987). Neural Darwinism. The Theory of Neural 
Group selection. New York: Basic Books. 

Fetters, L., & Todd, J. (1987). Quantitative assessment of infant 
reaching movements. Journal of Motor Behavior, 19, 147-166. 
Fodor, I.E. (1983). The modularity of mind. Cambridge, Ma: MIT 
Press. Forssberg, H., Eliasson, A.C., Kinoshita, H., Johansson, R.S., 
& Westling, G. (in press). Development of human precision grip. 
I: Basic coordination of force. 

Greenfield, P.M., Nelson, K., & Saltzman, E. (1972). The development 
of rulebound strategies for manipulating seriated cups: A parallel 
between action and grammar. Cognitive Psychology, 3, 291-310. 

Harnad, S. (1987). Category induction and representation. In S. Harnad 
(Ed.), Categorial perception. The groundwork of cognition (pp. 
535-565). Cambridge: Cambridge University Press. 

Halverson, H.M. (1931). An experimental study of prehension in infants 
by means of systematic cinema records. Genetic Psychology 
Monographs, 10, 107-286. 

Hauert, C.A. (1980). Propriétés des objets et propriétés des actions chez 
l'enfant de 2 à 5 ans. Archives de Psychologie, 48, 95-168. 

Hauert, C.A. (Ed.). (1990). Developmental psychology: Cognitive, 
perceptuo-motor and neuropsychological perspectives. 
Amsterdam: North Holland. 

Hofsten, C. von. (1982). Eye-hand coordination in newborns. 
Developmental Psychology, 18, 450-461. 

Hofsten, C. von. (1990). A perception-action perspective on the 
development of manual movements. In M. Jeannerod (Ed.), 

42 P. Mounoud 

 
Attention and Performance, vol. XIII (pp. 739-762). Hillsdale, NJ: 
Erlbaum. 

Karmiloff-Smith, A. (1991). Beyond modularity: Innate constraints and 
developmental change. In S. Carey & R. Gelman (Eds.), The 
Epigenesis of Mind: Essays on Biology and Cognition (pp. 171-
197). Hillsdale, NJ: Erlbaum. 

Kintsch, W. (1974). The Representation of Meaning in Memory. 
Hillsdale, NJ: Erlbaum. 

Koehler, W. (1917). Intelligenzprüfungen an Menschenaffen. 
Traduction française par P. Guillaume (1927), L'intelligence des 
singes supérieurs. Paris: Alcan. 

Kugler, P.N., Kelso, J.A.S., & Turvey, M.T. (1982). On the control and 
coordination of naturally developing systems. In J.A.S. Kelso & 
J.E. Clarke (Eds.), The development of movement control and 
coordination (pp 2-78). Chichester: Wiley. 

Lecocq, P. (1991). Rappel / Reconnaissance. In Grand Dictionnaire de la 
Psychologie (pp. 644-646). Paris: Larousse. 

Lécuyer, R. (1989). Bébés astronomes, bébés psychologues. 
L'intelligence de la première année. Liège: Mardaga. 

Leroi-Gourhan, A. (1964). Le geste et la parole. I. Technique et 
langage. Paris: Albin Michel. 

Manchester, D. (1988). Prehensile development: A contrast of mature 
and immature patterns. In J.E. Clark & J.H. Humphrey (Eds.), 
Advances in motor development Research (pp. 165-199). New 
York: AMS Press. 

Mandler, J.M. (1988). How to build a baby: On the development of an 
accessible representational system. Cognitive Development, 3, 
113-136. 

Medin, D.L. (1989). Concepts and conceptual structure. American 
Psychologist, 3, 113-136. 

Meltzoff, A.N. (1988). Infant imitation and memory: Nine-month-olds 
in immediate and deferred tests. Child Development, 59, 217-225. 

Morrongiello, B.A., & Rocca, P.T. (1989). Visual feedback and 
anticipatory hand orientation during infants' reaching. Perceptual 
and Motor Skills, 69, 787-802. 



Emergence of new skills 43 

 
Morton, J. & Johnson, M.H. (1991). Conspec and concern: A two-

process theory of infant face recognition. Psychological Review, 
98, 164-181. 

Mounoud, P. (1968). Construction et utilisation d'instruments chez 
l'enfant de 4 à 8 ans : intériorisation des schèmes d'action et types 
de régulations. Revue Suisse de Psychologie, 27, 200-208. 

Mounoud, P. (1970). Structuration de l'instrument chez l'enfant. 
Neuchâtel: Delachaux et Niestlé. 

Mounoud, P. (1971). Développement des systèmes de représentation et 
de traitement chez l'enfant. Bulletin de Psychologie, XXV, 296, 
261-272. 

Mounoud, P. (1973). Les conservations physiques chez le bébé. Bulletin 
de Psychologie, XXVII, 312, 722-728. 

Mounoud, P. (1979). Développement cognitif: Construction de 
structures nouvelles ou construction d'organisations internes. 
Bulletin de Psychologie, 33, 343, 107-118. [Translation in: I.E. 
Sigel, D.M. Brodzinsky & R.M. Golinkoff (Eds.), New directions 
in piagetian theory and practice. Hillsdale, NJ: Erlbaum, 1981, 
99-114]. 

Mounoud, P. (1986a). Similarities between developmental sequences at 
different age periods. In I. Levin (Ed.), Stage and structure (pp. 
40-58). Norwood: Ablex. 

Mounoud, P. (1986b). Action and cognition. Cognitive and motor skills 
in a developmental perspective. In M.G. Wade & H.T.A. Whiting 
(Eds.), Motor Development in Children (pp. 373-390). Dordrecht: 
Nijhoff. 

Mounoud, P. (1988). The ontogenesis of different types of thought. In L. 
Weiskrantz (Ed.), Thought without language (pp. 25-45). Oxford: 
Oxford University Press. 

Mounoud, P. (1990a). Cognitive development: Enrichment or 
impoverishment. In C.A. Hauert (Ed.), Developmental 
psychology: Cognitive, perceptuo-motor and neuro-
psychological perspectives. (pp. 389-414). Amsterdam: North 
Holland. 

Mounoud, P. (1990b). Conciousness as a necessary transitory 
phenomenon in cognitive development. Psychological Inquiry, 1, 
253-258. 

44 P. Mounoud 

 
Mounoud, P., Scherer, K.R., Stern, D.N., Kappas, A., Vinter, A., 

Bernauer, B., Hatt, G., Zinetti, A. (1991, July). Reaction to 
expectancy violation as a means of evaluating motor, cognitive and 
affect integration in infants aged 5 to 14 months. Poster presented 
at the 11th Biennal Meeting of the ISSBD. Minneapolis, 
Minnesota. 

Mounoud, P., Badan, M., & Zesiger, P. (in preparation). Construction 
of new representation in children. 

Mounoud, P., & Bower, T.G.R. (1974). Conservation of weight in 
infants. Cognition, 3, 29-40. 

Mounoud, P., & Hauert, C.A. (1982). Development of sensorimotor 
organization in young children: Grasping and lifting objects. In 
G.E. Forman (Ed.), Action and Thought: From Sensorimotor 
Schemes to Symbolic Operations (pp. 3-35). New York : 
Academic Press. 

Mounoud, P., & Vinter, A. (1981). Representation and sensorimotor 
development. In G. Butterworth (Ed.), Infancy and Epistemology: 
An Evaluation of Piaget's Theory (pp. 200-235). Brighton, 
Sussex: Harvester Press. 

Pascual-Leone, J. (1987). Organismic processes for neo-Piagetian 
theories: A dialectical causal account of cognitive development. 
International Journal of Psychology, 22, 531-570. 

Piaget, J. (1936). La naissance de l'intelligence chez l'enfant. 
Neuchâtel: Delachaux & Niestlé. [Translation: The origins of 
intelligence in children (M. Cook, Trans.), Harmondsworth: 
Penguin, 1977] 

Piaget, J. (1937). La construction du réel chez l'enfant. Neuchâtel: 
Delachaux & Niestlé. [Translation: The construction of reality in 
the child (M. Cook, Trans.), London: Routledge & Kegan Paul, 
1968] 

Piaget, J. (1967). Biologie et connaissance. Paris: Gallimard. 
[Translation: Biology and knowledge: An essay on the relations 
between organic regulations and cognitive processes (B. Walsh, 
Trans.), Chicago, London: University of Chicago Press, 1971] 

Piaget, J. (1974). Réussir et comprendre. Paris: Les Presses 
Universitaires de France. [Translation: Success and understanding 
(A. J. Pomerans, Trans.), London: Routledge & Kegan Paul, 1978] 



Emergence of new skills 45 

 
Piaget, J. (1977). Recherches sur l'abstraction réfléchissante. Paris: 

Presses Universitaire de France. 
Prinz, P.M., & Prinz, E.A. (1979). Simultaneous acquisition of ASL 

and spoken English (in a hearing child of a deaf mother and 
hearing father). Phase I: Early lexical development. Sign Language 
Studies, 25, 283-296. 

Rey, A. (1934). L'intelligence pratique chez l'enfant. Paris: Alcan. 
Richard, J.-F. (1990). Les activités mentales. Paris: Armand Collin. 
Richard, J.-F. (1991). Raisonnement. In Grand Dictionnaire de la 

Psychologie (pp. 641-643). Paris: Larousse. 
Rosenbaum, D.A. (1991). Human motor control (pp. 359-395). New 

York: Academic Press. 
Seron, X., & Feyereisen, P. (1987). La désorganisation du geste dans 

l'apraxie. In J. Piaget, P. Mounoud & J.-P. Bronckart (Eds.), La 
Psychologie (pp. 1277-1317). Encyclopédie de la Pléiade, Paris: 
Gallimard. 

Shallice, T. (1988). From Neuropsychology to Mental Structure. 
Cambridge: Cambridge University Press. 

Shallice, T. (1991). Précis of 'From neuropsychology to mental 
structure'. Behavioral and Brain Sciences, 14, 429-469. 

Spelke, E.S. (1985). Perception of unity, persistence, and identity: 
Thoughts on infants' conceptions of objects. In J. Mehler & R. Fox 
(Eds.), Neonate cognition: Beyond the blooming buzzing 
confusion. Hillsdale, NJ: Erlbaum. 

Spelke, E.S. (1991). Physical knowledge in infancy: Reflections on 
Piaget's theory. In S. Carey & R. Gelman (Eds.), The Epigenesis 
of Mind: Essays on Biology and Cognition (pp. 133-169). 
Hillsdale, NJ: Erlbaum. 

Stack, D.M., Muir, D.W., Sherriff, F. & Roman, J. (1989). Development 
of infant reaching in the dark to luminous objects and 'invisible 
sounds'. Perception, 18, 69-82. 

Thelen, E. (1989). Self-organisation in developmental processes: Can 
systems approaches work? In M. Gunnar & E. Thelen (Eds.), 
Systems in development: The Minnesota Symposia in Child 
Psychology (volume 22, pp. 77-117). Hillsdale, NJ: Erlbaum. 

46 P. Mounoud 

 
Tulving, E. (1972). Episodic and semantic memory. In E. Tulving & W. 

Donaldson (Eds.), The Organisation of Memory (pp. 382-402). 
New York: Academic Press. 

Vinter, A. (1983). Imitation et représentation durant les premiers mois 
de la vie. Ph.D. Thesis, University of Geneva (published by 
Delachaux et Niestlé, 1985). 

Vinter, A. (1989). Sensory and perceptual control of action in early 
human development. In O. Neuman & W. Prinz (Eds.), 
Relationships Between Perception and Action (pp. 305-324). 
Berlin: Springer Verlag. 

Viviani, P., Campadelli, P., & Mounoud, P. (1987). Visuo-manual 
pursuit tracking of human two-dimensional movements. Journal 
of Experimental Psychology, Human Perception and 
Performance, 13, 62-78. 

Viviani, P., & Mounoud, P. (1990). Perceptuo-motor compatibility in 
pursuit tracking of two-dimensional movements. Journal of 
Motor Behavior, 22, 407-443. 

Viviani, P., & Stucchi, N. (1989). The effect of movement velocity on 
form perception: Geometric illusions in dynamic displays. 
Perception & Psychophysics, 46, 266-274. 

Wallon, H.B. (1945). Les origines de la pensée chez l'enfant. Paris: 
Presse Universitaires de France. 

White, B.L., Castle, P., & Held, R. (1964). Observation on the 
development of visually directed reaching. Child Development, 
35, 349-364. 

Wishart, J.G., Bower, T.G.R., & Dunkeld, J. (1978). Reaching in the 
dark. Perception, 7, 507-512. 


