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The main thesis of the paper is that the implications of Evolutionary Epistemology as regards the phylogenetic basis of our thinking can be subsumed under Piaget's Genetic Epistemology. This entanglement removes the dilemma of one-sided examinations of cognitive development that tend to either nativism or behaviorism.  It also allows us to make new inferences about our cognitive capacities, provided we take into account findings from primatology and evolutionary theory with respect to specific questions concerning anthroposociogenesis.  Human social reality and the social nature of individual human motivation exhibits cognition almost as a by-product of social relations.  Human cognition and human emotions, our construction of objects and the subjective attributions that necessarily accompany it, the expenditure of energy on majorating equilibration, and the associated freedom to invent and create — all these have their origin in the evolution of social life and the individual's personal development.
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A biology of cognition


Both evolutionary theory — specifically, evolutionary epistemology (EE) — and cognitive psychology as embodied in Piagetian genetic epistemology (GE) prompt a diachronic examination of the problem of human cognition.  Both seek to explain the origin and function of our intelligence in terms of their phylogeny and ontogeny.  Piaget located the causes of logical universals in biological action and organization.  Lorenz discerned the phylogenetic a posteriori in the apriori structures of our cognition, viz., hypotheses of the cognitive apparatus as to how the world is constituted.  Both scientists opted for an empirical, natural-scientific approach to epistemological questions.  It is well known that the ethologist viewed life itself as a knowledge-gaining process.  For the psychologist, self-regulation was the essence of life.  Piaget too regarded cognition as serving biological adaptation, but he also stressed internal construction in order to escape the "dead-end alternatives" (Piaget 1967/1974, 27; cf. 1950/1975, 258) of Lamarckism and Neo-Darwinism, empiricism and rationalism, thus coming close to both a systems view of evolution (as put forward by Riedl) and a constructivist conception such as Maturana's (e.g., Schmidt 1987, 1992). A third diachronic dimension, the 'sociogeny' of our cognition, is generally taken to go beyond the biological-organic realm.  Nevertheless, it is already prefigured and prepared at earlier levels. On the one hand, the investigation of our closest relatives, the nonhuman primates elucidates the setting to which evolution has adapted man and his cognitive powers; on the other, the psychology of individual development reveals us the mechanisms and factors that constitute our intelligence. 


	In view of this, the key to hominization is the co-evolution of sociability ('Sozialfähigkeit') and socialization ('Vergesellschaftung'). The longing for social life thus brings about an individual motivation for cognitive development. Seen from this angle, cognition no longer appears as a consequence of technology, tool use, or object formation, but simply becomes a by-product of interpersonal relations. The question that will concern us, then, is how the phylogeny of human cognition can be subsumed under Piaget's (onto)genetic theory, and how this impinges on our cognitive powers. Although adherents of both theoretical programs have paid lip service to the importance and indispensability of both the ontogenetic and phylogenetic approaches, EE has hardly pronounced on the individual structure of intelligence, while Piaget's comments on its phylogenetic foundations are inadequate.


	





The self-regulation of development


While GE may be said to consider cognition in terms of the subject's adaptation to its environment, Piaget did not intend this as an epistemological realism. On the contrary, he rejected the description of cognition as adaptation to a 'reality independent of the subject', for in his constructionist view, concrete reality means the total system of interactions between organism and environment, which comprises subject and object equally.1 Piaget characterizes the interlocking of assimilation (the construction of intelligence) and accomodation (the construction of reality) as "the circularity of cognition".2 


	Cognitive structures do not just unfold (in the sense of maturation), but develop necessarily according to this pattern.  How, then, can they be given to us a priori as phylogenetic inheritance? Piaget himself does not rule out genetic preformation in principle, but in no way does he want to be misunderstood as endorsing maturation (or an environmentalist theory, for that matter) — he unmistakably calls his theory an "interactionistic" one.  


	He distinguishes two directions for the possible inherited factors. At the level of perception, he assumes inheritable factors of the structural kind. Beyond this level, he identifies "functional invariants" — the basis of our rational organizing powers —, which create "variable structures". Development proceeds by means of these two unvarying, stage-independent functions, organization and adaptation, which Piaget regards as biologically most general and located well below the human level. Thus he holds that organisms have an innate capacity to organize thinking into structures and to adapt it to the environment and to themselves through various processes. Organization represents the internal aspect of development, while adaptation — the exchange between subject and environment — balances out the two poles of action. In assimilation, the individual adjusts reality to its own cognitive organization, almost incorporating it.  In accommodation, the subject modifies its internal structures so as to allow it to cope with external requirements. The latter happens whenever events or objects can no longer be apprehended satisfactorily by means of the old schemata, so that contradictions arise. Assimilation and accomodation are the two poles of one and the same process, for every act of cognition comprises a conservative and a progressive moment. If the two are in steady balance, Piaget speaks of "equilibrium". Equilibration as a dynamic process must constantly integrate the factors of development.


	What Piaget labels majoring equilibration ("majoration équilibrante") points to the circumstance that this self-regulation not only preserves or restores equilibrium, but tends towards qualitative improvement as well. Cognition "exfoliates" (Hooker 1994) toward gradual 'autonomization' and decentration, as a new egocentrism arises at every stage of disequilibrium (lack of differentiation of subject and object), which must be balanced through accommodation. Thus, for Piaget too, the individual undergoes a "Copernican revolution" (cf. Vollmer 1975), which catapults him from the center of his world. 


	His cybernetic model of self-regulation allows Piaget to describe the optimizing process of development towards growing autonomy as a genuine construction, without having to rely on a set plan. This constructivist postulate makes development sequential in the sense of a succession of stages characterizing specifically structured cognitive capacities, each of which emerges from the preceding one, without being determined by it. This allows Piaget to avoid the one-sidedness of both a-prioristic and empiricist theories of development (cf. Hoppe-Graff 1993, Edelstein/Hoppe-Graf 1993).


	The concept of equilibration points to an important goal of development and cognition: The adaptive aspect guarantees "correspondence" with the environment, the structural aspect of organization regulates the maintenance of inner equilibrium states, or the coherence of inner functions. Both concepts recur in Riedl (1994), who distinguishes between external and internal selection. The coherence principle refers to the adjustment of functions and structures within systems generally; it applies to individuals as well as to societies as units of interaction. In organisms, coherence refers to phylogenetic constraints on mutually related components, in the social group it guarantees the communication between individuals. The correspondence principle refers to the fit between organism (system) and environment. Although both principles presuppose different selection regimes, they must interact eventually.3 In discussing the interrelations between organism and environment, Piaget points out that, while it is true that the organism "knows" its environment, what genuine correspondence requires is "co-ordination and co-regulation". Finally he postulates "a striving after comprehensive logical coherence, a balance between subject and object (assimilation and accommodation), between and within schemata, and an equilibrium of the whole, which is genuinely the ultimate coherence that motivates cognitive development."(Furth 1987, 144 and 146). In this respect, then, Piaget's ontogenetic theory may be likened to Riedl's (1975) systems approach to evolution.4





EE and GE: an evaluative contrast


Vis-à-vis EE's conception of the innate character of our cognitive structures, Piaget's psychology of knowledge can be elaborated in two directions. On the first interpretation, the role of inherited information is limited to setting the stage for the process of cognitive development, which then takes over according to its own internal logic. This he calls "epigenesis". A second way to go is to assume a hereditary program that regulates the construction of cognitive operations only if certain environmental conditions are satisfied. As Engels (1989, 270) puts it, "It is not the categories that can be innate, but the ability to develop patterns of organization — categories — in the struggle with external facts, so as to master the multifariousness that affects us". Thus far, we can say that the assumptions of GE and EE can be integrated if we adopt a specific interpretation. However, Engels critisizes a difficulty EE and GE share: their inability to explain ("Erklärungsdefizit"), as both can at best describe structural prerequisites of cognitive development. For "the emancipation of the subject from the mechanism of its own development — which occurs behind its back — involves a qualitative leap beyond conceptual grasp if we assume a continuous development from the stage of reflexes up to that of formal operations" (Engels 1989, 271). Here Engels discusses the phenomenon of emergence ("fulguration", according to Lorenz), which no theory has explained in depth to date, let alone made intelligible. Therefore, it is doubtful whether this argument against the two theories in question really holds, the more so if we remember that Piaget and Lorenz recognized this problem of qualitative development and did not try to circumvent it by means of reductionist arguments. Engels now compares in how far the two naturalized epistemologies succeed in applying their own postulates, and finds some advantages in GE: Piaget divides his explanatory model of cognitive circularity into a "special" and a "general" GE, depending on the reference system chosen. Special GE refers to the area of developmental psychology and its several attendant sciences. Here we still assume an objective and stable reality, which is regarded as independent. Since psychology cannot occupy a position beyond the epistemic subject, and the very reference system which grounds it transcends its grasp, a further iteratory move in the process of cognition at the level of general GE must open up that system to a critical historical examination. Developmental psychology thus reflects on itself as a discipline and, to the extent that it recognizes its historical and cultural contingency, attains a more circumstantial view of the concept of reality. No matter how far we turn the spiral of knowledge gain, the problem of demarcating subject from object remains insoluble. Much as we might even 'trivially' presuppose an objective reality and regard it as plausible, all our highly complex theories are merely 'assimilatory instruments' all the same: reality is always mediated — an operational construct of cognition. Piaget's theory may thus be viewed as an extension or completion of Oeser's (1987a, 46, and this volume) "internal realism" for the second tier of EE. 


	In the same vein, Hans Furth sees Piaget's greatest achievement in his having deepened our understanding of the concept of object — and thus of our grasp of objects — as a most basic mental act. He avoided all philosophic speculation as well as the unreflective use of common-sensical concepts: Having said good-bye to the conception of object an sich, he replaces it by the conception of an object which the subject first has to actively build up in a personal historical development. An "object as the product of subjective construction" is indeed basically different from "facts" regarded as true (Furth 1987, 16; Piaget 1975/1950, 257; cf. 1975/1950, GW, vols. 8-10).


	This, then, is why Piaget did not string together cognition and perception so much, but rather cognition and action; for it is from action that objects can be constructed and grasped. Cognition in the first two years of age of a child is action knowledge, not object knowledge. Only the latter type of knowledge will allow them to 're-present', i.e., "to make present something not present" (Furth 1970, 162). The construction of a (permanent) object does not merely bring about a  special thing; it must also be viewed as the mode of cognitive access to the world of action, announcing the world of symbolic representation. This is knowledge of the permanent existence of objects in space and time. From now on, the child operates according to two differing modes of action: cognition-in-action and symbolic knowledge.


	This insight now facilitates the perception of the significance of the attendant developmental leap in the acquisition of knowledge of objects with respect to the totality of human development, whether phylogenetic, ontogenetic, or sociogenetic. 


	But first, I shall discuss knowledge acquisition during phylogeny. 





Evolution of cognition and the a priori categories


If we view any evolutionary step as a accretion in the organism's information about its environment, humans stand at the end of an evolutionary process of knowledge gain, as Lorenz graphically put it. Evolution, then, owes its quasi-cognitive character to the circumstance that organisms can 'exploit' the entropy law to create order (build structure). This mechanism presupposes a capacity of self-organization on behalf of organisms, which enables them to define internal systemic conditions, both phylogenetically and ontogenetically. 


	At the outset of this process we find the 'information gain' by the genome, which can be seen as a form of learning by species that lasts over generations. With the rise of the nervous system — a new storage site for information — the rate of knowledge acquisition is speeded up many times through the capacity to process incidental information. The most basic of these mechanisms are homeostasis, kinesis, phobic reaction, taxis, AAM, instinct, and unconditioned reflex. Opening these closed programs first enables us to learn individually. The active mechanisms here are imprinting, conditioned reflex, motor learning, abstraction, gestalt recognition, and central representation of space. 


	All these mechanisms, which I can only list here without discussion, will interest us insofar as they constitute the evolutionary basis of the human cognitive competence. Even if the behavioral flexibility of the human species is unique among the animals, Lorenz reminds us that the very openness of programs presupposes huge amounts of phylogenetically acquired information — his "innate teachers", who guide learning along relevant paths. They precede the earliest experience and constitute the a priori conditions of knowledge.  With Brunswick, EE calls this foundation of reason the "ratiomorphic  apparatus', in order to illustrate the quasi-rational mode in which this 'computational' system works. This pre-conscious, unreflective common sense with its hierarchical structure of 'hypotheses' about the world are the current endpoint in "this selection of world views, consisting of a system of suitable pre-judgments about the currently relevant part of the real world" (Riedl 1980, 27). They function as algorithms that calculate perceptions and decide about the appropriateness of actions.5  





Universal logic and the co-ordination of biological behavior


Clearly, the goal of a theory such as EE is to identify universal structures of human cognitive competence; it is concerned with the results of adaptation of the species. Not so with psychological theories about cognitive development, among which Piaget's GE is usually classified. In psychology, the individual differences in developmental conditions (the individual history of development) that come to the fore. GE has indeed often been rejected for being too abstract and too vague,6 but Piaget always insisted that he was interested not in individual differences of knowledge acquisition, but rather in the nomothetic aspect of development, in universals or invariants of cognition. Fundamental epistemological questions about the structure of our knowledge, and Piaget's specific approach to problems (he was interested in the genesis of cognitive powers, not in adult reason) led him to developmental psychology only later. He stuck to his epistemological position, strictly separating his central "epistemic subject" from a "psychological subject" (cf. Inhelder 1989). 	


	Piaget always rejected Lorenz-type a priori structures, yet his postulate of the universality of logical structures faces the same problem at the cross-roads between empiricism and rationalism. Lorenz solved this conflict by postulating universal categories as being a priori for the individual only; in species, they developed a posteriori. Piaget's solution is a similar one: he characterizes logic, viz. logico-mathematical structures, as part and parcel of biology, since they co-ordinate biological action.7 He persists that logical necessity, as a functional prerequisite of cognition, is real, for "the a priori categories of logical necessity do not as such embody knowledge. They are procedures that enable us to understand something and to go beyond the given to construct something new, but in themselves they are empty" (Furth 1987, 163).


	To Lorenz's concepts of chance and external necessity he opposes those of biological, mental and moral freedom and internal necessity.  The latter he takes to be given by the biological principle of constructive assimilation (with its dual elements of structure building and openness to the future).8 For him, this is the ultimate source of logic, not as an abstract, rarefied category, but as the living, concrete organic regulation of development (cf.  Furth 1987, 157ff; Wetzel 1980, 249ff). 





Structure building and gain of information


Given the basic principle of all evolutionary processes, viz. the gain of information, the hypotheses of EE can be located at the level of the neurodynamical system of information. Information storage requires a certain material structure for its embodiment (cf. Campbell 1979). This may cause confusion as to whether either structure or information is to be given most weight. To clarify this issue, we must briefly consider the concepts of structure and information.9 


	Whereas ontogenetically, structure building is of paramount importance, phylogenetically, information — which Oeser (1985) regards as basic to evolutionary theory — is quintessential. The concept of information links the lowest stage of the living (the hypercycle) via purely instinctive regulation with subsequent processing of sense data right up to human cognition and the processing of cultural knowledge. 


	As to the relation between structure and information, it is useful to distinguish between two meanings of the concept of information. Any structure can be viewed as organized information, and any gain of information requires a structure. We must distinguish, then, between "structural" (a priori) and "dynamic" (a posteriori) information (Oeser 1976). The robust programs of cognitive structures are loosened to the extent that a growing detachment from the material carrier of the information occurs. Wimmer holds that at this level, although the a priori structures described by EE do not become dysfunctional altogether, their functions are increasingly taken over by "second-order a prioris".  These he regards as the Piagetian assimilation schemata, which, once a certain ontogenetic maturity is reached, may be ascribed to the level of intellectual information. "The significance of these second-order a prioris and their essential difference from basic ones consists in their being products of individual behavior and much more flexible. This is most obvious all in accommodation, which occurs when a schema permanently shows itself inadequate for a certain class of stimuli." (Wimmer 1988, 45).


	The regulatory mechanisms internal to the system are accompanied by an increasingly constructive activity of cognitive structures, which (for Piaget) reaches its apex in hypothetico-deductive scientific knowledge. 


	Models which trace a continuous development from instinctive mechanisms up to the highest cognitive achievements have not gone unchallenged. Lorenz (1937) critisized it early, and Gehlen (1972) discussed it in a similar vein.





Culture and cognition


We now stand at the outset of cultural evolution, even if none of the results of the cognitive apparatus mentioned so far (except for the brief glimpse at the level of intellectual information) belongs to man alone. However, they are all necessary for the human achievement of conceptual thought and language. By being integrated, they have given rise to a systematic whole that differs from all animate systems by a "hiatus" (Lorenz 1978, Dux 1982). In order to understand this "fulguration of the human mind", we must probe the laws of organic evolution. Lorenz compares the chasm between animal and man with that between the inorganic and the organic. In animals a first quasi-cognitive structure capable of acquiring information evolved, but a cognitive apparatus of a new quality originated with man only. In the animal kingdom, too,  individual learning became increasingly important, and transmission of acquired knowledge to the next generation took shape; yet the bulk of the information storage was located in the chain molecules of genomes. Only with our cognitive endowment a system came to the fore thah does this much more quickly and efficiently. Henceforth, "object-independent" transmission (Lorenz), or, alternatively, "action-independent" transmission (Piaget) as shaped by conceptual thought will have a huge influence on learning processes, since everything that is acquired becomes potentially "heritable" (in a generic sense). Thus, for Lorenz, cumulative tradition means the "inheritance of acquired characteristics". 


	It seems to me problematic, however, to rank — as Lorenz did — the various evolutionary steps according to their presumed importance and then to lift out the advent of the organic or that of humankind from the rest of evolution: Since any evolutionary achievement builds on what came before while also being emergent (in the sense of qualitative innovation), all (or no) evolutionary steps are essential. 


	So far we have shown the general compatibility of our understanding of phylogenetic and ontogenetic development (evolutionary theory and cognitive psychology, respectively). In what follows, this compatibility will be highlighted by means of a reconstruction of the genesis of conceptual thought.  As studies of child development show, the origin of conceptual thought resides in action, i.e., the interaction of the individual with its social environment, and demonstrates that action is central to both phylogeny and ontogeny. 





Cognition in the service of Handlungskompetenz


Engels (1989, 243) thinks that Piaget's account of cognitive adaptation during ontogeny is the "key for understanding the connection between cognizing and acting". EE, too, deals with cognition insofar as it is in the service of action. Both theories postulate the "primacy of action". Here it becomes obvious that developmental psychology should matter for EE: For Engels, only the reconstruction of psychogenesis can show that cognition is basically related to action. We must ask how it is that we can anticipate the execution of actions in representation space or "Vorstellungsraum" (Lorenz's definition of thinking); or, as Popper puts it, how it is that we can let our theories die in our stead. 


	EE describes cognitive structures as the products of a phylogenetic feedback process of variation and selection. They are given inborn to the individual, yet result from the experience of species or genera. How this process should be described cannot be inferred from phylogeny. It can only be gathered from the way cognition and action are intertwined ontogenetically, and  by making the adaptation of subject to object concrete, thus filling the gap in EE.10 


	The question how thought is related to action runs like a crimson thread through Piaget's work, and is expressed in core concepts referring to concrete action (object formation, symbol, representation, and concept). While strictly respecting the (onto)genetic approach, he tries to show that action can in no way be viewed as a mere 'application' of thought that precedes it, but that the reverse is true: thought gradually arises from action performed by internalization and interiorization.11 In cognitive development, the individual runs stepwise through specific thought operations which enable him to 'act completely' in conceptual space. Piaget requires these operations to be reversible; they are enabled by object permanence and the symbolic or semiotic function. For only reversibility allows the complete retraction of mental representations and their substitution by imaginary alternative actions.12 


	Human thought originates from the acting and perceiving of the individual in his interaction with the environment. Subsequently, instinctive and reflex behavior gives rise to sensorimotor action structures and schemata, respectively, according to functional laws.  These schemata separate only gradually into active and reflective representations. In this early phase, cognition cannot be severed from action. This sensorimotor intelligence Piaget sometimes calls "practical logic" because of its connection to concrete action situations.13 


	Conceptual intelligence marks the first stage of severance from action as such. Schemata condense and integrate increasingly into operations or active conceptual structures.14 Now object knowledge is no longer guided mainly by external influences; rather, it serves description and internal maintenance, and also allows absent events to be kept present, thus creating a peculiar new reality. Thus Wetzel concludes: "We can speak of 'thought' only if [cognitive behavior, K. S.] is carried out internally in representation, thereby relying on gestural, pictorial, linguistic, and other symbols or signs as instruments" (1980, 174). 


	This representation at the end of the sensorimotor phase marks the transition to the pre-operational or symbolic stage, at about 2 years of age. On the way there, two things stand out: with intelligent action, the intention of action can be differentiated into its so-called purpose and the means to reach it; and objects become independent and permanent. 	


	In Piaget's psychogenetic reconstruction, intelligence and cognition thus start from action upon matter and social interaction, the goal-oriented activity of sensorimotor structures and their progressive interiorization into schemata for action. Through action, the cognitive functions of perception and thought are united. 





The structure of the symbolic world and of conceptual thought


As action becomes internalized into mental representations and interiorized into cognitive operations, symbolization begins.  Only now can meanings be generated that are permanently uncoupled from the context of concrete action.15 Piaget divides this general symbolic function into several levels: "First we should note that language is but a special case of semiotic or symbolic function, whose totality (displaced imitation and symbolic gestures, symbolic games, internal image, graphic image or drawing, etc.), rather than language alone, is responsible for the transition from sensorimotor behavior to the level of imagination or thought.… Yet language, once articulated as a partial, if important, special case of semiotic function, by no means exhausts the play of intellectual operations, whose origin remains sensorimotoric." (Piaget 1967/1974, 47f).


	Imitation may be seen as the prerequisite of all symbolism, for in imitation meaning substitutes the concrete object. If such internalization is disconnected from the actual context — i.e., takes place at the end of the sensorimotor phase —, then Piaget speaks of delayed imitation. The latter requires a lasting representation of an image, even if still closely accompanied by individual needs. This child-like egocentrism should not be confused with conscious egoism.  Rather, for Piaget the term hints at the non-differentiation of subject and object, or the lacking insight in different points of view, i.e., the non-differentiation between oneself and others. 


	While imitation is characterized by excessive accommodation and thus a lack of structured cognition, symbolic play represents the assimilative side of symbolic intelligence. Whereas play originates in the subject, imitation seems to arise from the (internalized) object. In pre-operative thought, the two aspects of cognition have not yet been equilibrated. 


	"In symbolic play, imitation merely provides the model to which the object is to be assimilated, but remains subject to the deforming assimilation in the play itself. In other words, it is no corrective that might adapt the assimilation of the subject to the world. In play, what corresponds to an uncritical accomodation of subject to environment [as it happens in imitation, K. S.] is an uncontrolled and deforming assimilation of environment to subject." (Harten 1977a, 36).


	According to Piaget, the function of this lack of equilibrium is an affective ability to generate cognitive structures. A child who has to accommodate an as yet alien adult world of rules and interests, or indeed any other subject, will obviously not be fully satisfied intellectually or emotionally. Hence it seeks support and self-confidence in its private world of symbolic play, which need not yet serve adaptation to the external world and knows no coercion. This "strengthening of the subject" (Harten) contributes vitally to the further development of an initially passive accommodation towards an increasingly critical and reflexive accomodation. Alongside the affective aspect, a cognitive one arises, namely the reconstruction of events by means of an intuitive symbolism, since linguistic symbols are lacking. 


	Developmental psychology thus ensures the adaptation of subject and object as stressed by Engels, which in turn illuminates the link between thought and action, and describes the structure of object and symbol as a major developmental accomplishment.





The key to becoming human


In trying to subsume GE under evolutionary biology, Furth asks likewise: "Would it be so far-fetched to assume that symbolic function is the well from which the uniqueness of human psychology springs, just as it is the springboard for all further ontogenetic development?" (1987, 116). Lorenz, too, stressed symbolism as a specifically human achievement and associated its development with the rise of a system of communication between people.16 


	However, can we postulate that the process of hominization took the same course that Piaget sketched for individual development? Furth finds some evidence and attendant inferences for this, based on homologous functional courses identifiable in both developments: self-regulation, organization, adaptation, etc. First we must ask what boundary conditions were responsible for the development of our conceptual thought, language and tradition, and thus what evolution has adapted man to? Here many anthropologists (Vogel, Humphrey, Reynolds, Kummer, De Waal) show that the discovery of instrumental knowledge can hardly have led to the development of the primate brain, since it plays a minor role in the daily life of anthropoid apes, our nearest relatives. The use and making of tools and the hunting they enabled is observed in free-ranging animals ("freie Wildbahn") only at a very modest level. It is thus natural to assume that human technological achievements are secondary in kind.


	Rather, our creative intelligence seems to arise from the highly organized social life of our immediate ancestors (cf. Caporael et al. 1989). This circumstance enabled humans to set up a unique form of communities based on exchange of opinions and the laying down of social and ethical rules, a kind of supra-individual system whose constitutive feature is 'spiritual life'. Such an inter-individual system we call culture. 





The origin of societal communities


The phylogenetic tendency for primate brains to develop is an important predisposition for the process of hominization. The maturation of such a complex CNS requires prolonged development in utero and improved placental supply. A sharp parallel reduction in the number of offspring in the higher primates was observed by Portmann, whom he therefore called "secondary early nest-leavers". Man, however, is in a special position here, for to attain a stage of development corresponding to that of the higher mammals at birth, the intra-uterine phase would have to be one year longer. Gehlen and Portmann see in man a "secondary late nest-leaver" or "physiological early birth". 


The "only early contact of man with the world's riches" explains the special position of human ontogeny (Gehlen after Portmann), "so that a series of ontogenetic peculiarities such as the duration of pregnancy, the early growth of bodily mass, and the degree of development at birth, can be sensibly understood only in connection with the mode of formation of our social behavior." (Gehlen 1972, 45f).17 


	Furth too locates the concrete, qualitatively distinctive difference between man and animal at this very juncture, namely childhood, which was to become so vital for the growth of intelligence that Piaget took it as the starting point of his epistemology (Furth 1987, 121; Piaget 1969/1945). The delayed physical and psychic maturation with simultaneous highly versatile learning powers and a marked sense of curiosity results in an intensive inclusion of acquired components of behavior even in apes. It is true that such a maturation span requires protection by experienced, cherishing adults. Thus the whole juvenile development of primates depends critically on living in a social group.


	"Primates are social.... The horizon which they seem to make for is the knowledge of what the other feels and thinks. It brings a multi-edged skill, equally suited for outwitting him, planning with him, and truly helping him with empathy." (Kummer 1992, 391).


	The evolutionary trend thus points towards the individual capacity for innovation under extreme social dependency. This yields favorable preconditions for the formation of social traditions as well as flexible variants of group behavior with an obvious selective advantage for the most varied conditions of life. A longer individual life span as well as a community ("Gemeinschaft") cutting across several generations promote the formation of tradition even in the higher primates. The basis for constant receptivity in the human female and how this importantly affects the structure of human communities likewise derive from pre-human primate phylogeny. We must not underestimate female choice — the reproductive strategy of women through mate selection — as an evolutionary force tending towards co-operation between the sexes, especially as regards the joint raising of the young. (Cf. Vogel 1975) 


	Frans de Waal critisizes the long-standing and unjustified overemphasis on aggression in animals and humans and the neglect of regulation and avoidance of conflict in communities. In his studies on nonhumans, he was able to show how their social communities relied on a highly developed 'calming system', in which sex plays a central role. "During conciliation, chimpanzees kiss and embrace but rarely mate, while bonobos go in for the same sexual behavior as during feeding. This is the first firm proof that sexual behavior is a means for overcoming aggression." (De Waal 1991, 220)





Sociability and cognitive competence


The growing complexity of socialization is intricately related evolutionarily to the formation of extended capacities for learning and higher cognition. Hominization as the intensification of sociability thus coincides with changes in cognition and sexuality, which, as Furth explains, provides the energy and motivation for cognitive progress.18 Here, the transition to object knowledge, symbolic functioning (along with language), and self-awareness occurs, i.e., "the breakthrough from action to personal relations: in a sense this is the birth of the person" (Furth 1987, 122). 


	To understand entities as complex as the societies that already exist in higher primates, we must keep in mind that the different aspects of social behavior are not now confined to seasonally bound major activities such as rut, caring for offspring, migration, or dominance contests. Rather, they occur continually and are intertwined, relying heavily on mutually adjusted behavior. The nexus of personal relations and of social role expectations has expanded, and all individuals have to anticipate this in their momentary action. Any failure to notice a peculiar social configuration can be sanctioned immediately. Vogel summarizes this as follows: "Anticipatory action, planning by weighed probabilities concerning complex situations or constellations, with firm and often restrictive check on one's own behavior, all this non-human primates must already achieve in the social field." (1975, 23). 


	Many anthropologists take these abilities as preconditions for hominid tool production. Merely the transfer of cognitive skills that were already available in the social realm to the technological realm was required. This thesis, then, runs against many paleoanthropologists' traditional fixation on tool development as testimony for cultural and intellectual evolution.  As more recent studies of social behavior suggest, they probably overrated the role of technological evolution for hominization. 


	What all this brings home is how a study of nonhuman primates helps us devise models for the biological basis of the rise of man by pointing to the decisive evolutionary trends that are involved.





Individual development in the context of interpersonal relations


Looking back to the roots of our species imparts a close correlation between, on the one hand, the evolution of the brain and our cognitive capacity, and, on the other, our social existence on the other. If life in complex social groups makes demands on mutual behavioral adjustment of individuals so great as to provoke a clear selective pressure towards ever greater cognitive ability, it seems natural to expect a similar developmental drive caused by social demands during the life span of the individual. This hypothesis obviously presupposes that we see childhood not as a contingent phase of maturation of already present abilities, but as a psychological co-construction of cognitive, affective, and social competence, which together constitute "personhood". Furth stresses that childhood is not simply to be 'overcome', "so that we may advance at last to the really important matters such as conceptual thought and linguistic discourse…. On the contrary, these should be regarded as a by-product of becoming a person." (1987, 128).


	As we saw, Piaget takes the ability to imitate as crucial for the acquisition of symbols, which in turn points to an important developmental factor, namely socialization. Whereas practical intelligence is most appropriate in the satisfaction of immediate needs, interaction with other individuals requires the appropriation of other rules of behavior, which confront the child with the problem of perspectivity (cf. Edelstein/Keller 1982). Learning the rules of social communication requires new abilities, for the social partner does not behave merely like an object in space and time. The child must learn to abstract his action on the new 'object' from his current needs. Social experience is indispensable to impart on one the existence of the perspective of another person, and hence of new reference systems. The child learns to see itself as one subject amongst many and turns itself into an object of its imagination, seeing itself through the eyes of others, as it were. The subject thus becomes self-aware. Conceptual thought is thus the result of a decentration of thinking. 


	Partaking in the communicatively mediated adult world represents a new level of activity, viz. the level of language and communicative action. Yet the cognitive structures are still confined to the level of practical intelligence; they cannot be adapted to the new situation by mere imitation, but must be slowly acquired through practice in interaction. Because of this shortcoming of the corresponding cognitive instruments, the individual at this stage falls back into cognitive egocentrism, which subsequently must be decentered again at a new plane of activity through increasing differentiation and integration. 





The social construction of cognitive development


In the last decade, a new perspective was established in research in developmental psychology, which aims to widen genetic structuralism and its cognitive paradigm by including the social constitution of  competence of action. This new approach relies heavily on the interpretative paradigm as developed in the traditions of symbolic interactionism and phenomenology (cf. Mead 1934/1969; Habermas 1981 Vol. 2; Eckensberger/Silbereisen 1980; Nicolaisen 1993; Geulen 1982; Döbert/Habermas/Nunner-Winkler; also note 15). 


	On the one hand, this is due to the realization that social context has been systematically neglected in Piaget's developmental theory, perhaps owing to his emphasis on the epistemic subject at the expense of the psychological subject (cf. Inhelder 1989). Engels diagnoses this as a failure to explain: though an active subject is postulated to explain how the building of cognitive structures is kept under way, the same subject can by no means be considered as the 'prime mover' of this process, since the autonomous rational subject arises only in the course of this very construction (cf. Engels 1989, 267f).


	On the other hand, Edelstein senses a certain "saturation" in this area due to the intensive investigation of processes of cognitive development (Edelstein/Keller 1982). Even Inhelder (1989) notes a dramatic shift in interest from highly abstract, generic epistemic subject to a heterogeneous plurality of individual, situated, psychological, and social subjects. Today, the subject with its intentions and attributions of meaning stands at the center, which Inhelder attributes to the Zeitgeist in a positive sense. 


	Piaget is often blamed for neglecting the social side of development, yet most of his critics point to the possibility of including the vast domain of social relations in his very model of interaction. In fact, he did not systematically distinguish instrumental action on natural objects from social interaction. Most  authors would not want a displacement of the cognitive theory of development by a theory of socialization, but would rather see its incorporation into a social-cognitive theory of development (also called social theory of cognition, cognitive theory of socialization, sociological constructivism, and the like). All these labels express the circumstance that the cognitive development of the individual unfolds itself in interaction with external reality, which defines itself in social relations. Edelstein points out that the origin of all experience is to be found in interaction, and that the sociocultural quality of interaction provokes differential experience, which in turn cause differential development. This theory differs from many current hypotheses about socialization in its emphasis on the process of construction.  While they restrict the role of the knower to a rather passive one, in which adolescents take over values, knowledge, and skills from adults, social-constructivist approaches in the vein of the theory of cognition start from the 'strong hypothesis', according to which the child must actively acquire basic abilities to act. (Cf. Youniss 1994; Edelstein 1982, 1993). 


	Youniss coined the term "co-construction" to emphasize the essential role played by the immediate social surroundings even in the conveying of cultural values and norms in individual development. Above all, this concept involves "co-operation" as a strong factor influencing and favoring development. The more a theory is opened up to individualistic influences, the more it will suit those who suspect a cultural bias and the underpinning of western middle-class notions in the description of universal psychic structures (cf. Dasen 1972, 1977; Schöfthaler 1984; Piaget 1966/1984). Certainly, as Youniss insists — his individualistic stance notwithstanding  — an exhaustive concept of development must at least account for both the particular and the universal, the ontogenetic and the phylogenetic, as well as the sequel of self-regulating, individual, and sociocultural factors as a working hypothesis. On this view, even individualistic interaction between social partners deserves some attention. 	


	Cognition may be described as acting in internalized space, with the necessary presupposition of reversible operations. With respect to the interpersonal sphere we must ask whether an individual can achieve such organization on her own, or whether there are stimuli that are conducive to, or even necessary for this. Youniss now argues that social interaction brings about the process of differentiation of perspectives. Does it make sense at all to ask whether this individual process of socialization (i.e., the ability to differentiate perspectives) either causes or is the result of the formation of reversible operations, or do we have to envisage a rather more complex causal relationship? 


	What the principle of "co-construction" suggests is the following: For one thing, social interaction requires some initial cognitive presuppositions, which will subsequently favor the formation of higher levels of cognitive equilibration, so that the individual is enabled to engage in novel processes of socialization at every higher cognitive level. According to Voyat (1978), a real link between co-operation and cognition may be postulated to the effect that socialis\zed thought promotes the resolution of contradictions. Moreover, cognitive progress should lead to better co-operation and continued socialization. In view of this complex development, it makes little sense to expect linear causation. 


	Still, Voyat reminds us that in Piaget's developmental view, social relations can generate cognitive abilities only if these co-operative actions lead to an equilibrium with the external world, in analogy to what Piaget has demonstrated with respect to the actions of the individual on inanimate matter. In other words, Voyat asks whether exchange of thoughts is comparable to any other kind of exchange, such as acting in Piaget's object world. Next, he analyzes the various interpersonal exchange relations and formulates certain equilibrium conditions that are not fulfilled in all systems of social interaction.  He concludes that both egocentrism and social compulsion prevent the balance of social exchange based on regulated reciprocity. Such egocentrism may be related to age (i.e., cognitive level) or to other personal, motivational or mental causes, so that the ability to co-operate may be impaired or prevented altogether. External social compulsion does not warrant stable equilibrium either, since the agreement between the interacting partners would not have been achieved of their own accord (excessive accommodation). Any process of construction is grounded in the very activity of the subject. Voyat can show that the logic of compulsion is not reversible indeed, and cannot give rise therefore to reversible operating structures. The reciprocity needed for setting up operative structures arises only from a genuine exchange of views during which egocentric concepts that rest on subjective perceptions become socialized concepts through adaptation and organization in the interpersonal system. This we may call co-operation. 


	Voyat expands these considerations into a "dialectic of development" that considers an individual able to act in a co-ordinated and cognitively structured way, through the combination of inner organization and interpersonal experiences of co-operation and reciprocity. In other words, an individual who is to form higher cognitive operations must have all the features of a "socialized personality". 


	However, if social co-operation is so vital for intellectual development, just as the level of cognitive equilibration influences the ability to co-operate socially, it should be possible to show empirically that different conditions of socialization lead to differences in the unfolding of thought, while the formation of societies depends also on the cognitive, hence, social ability of their participants.


	


A sociology of cognition


It is not well-known that these preliminary steps toward a theory of society figure already in Piaget's early sociological writings.19 Harten (1977a; b) deliberately analyzed only these studies and ventures to suggest that Piaget originally understood his GE as a "sociology of knowledge" (cf. also Apostel 1986 and the subsequent discussion in the journal New Ideas in Psychology). This dialectical approach to a critical theory of socialization, which sees humans as creative beings, focuses on moral development towards a co-operatively acting individual a central place. Piaget inquired also into the cognitive-societal conditions and limitations of development, the ideal end of which was to be a subject freed from material and societal compulsions (cf. the contributions in Bertram 1986).


	Harten regrets that this concept was gradually replaced by a cybernetic, self-regulating model of development, in which the subject was to follow an optimal strategy in order to be able to reach the highest possible cognitive autonomy. Instead of moral co-operation as the final goal of development we have the application of formal logico-mathematical structures.


	In recent years, Piaget's ideal endpoint of cognitive development has come increasingly under attack from cognitive anthropologists. Most notably, the possibility of altogether different endpoints of development — so-called post-formal operations) have been envisaged. For instance, Edelstein/Noam (1982) proposed to replace the concept of reason by an as yet to be specified concept of "wisdom".  The latter refers to the mediation of feeling and cognition, and to the mediation of the conflicting demands of environment and social structure, on the one hand, and the cognitive structures that enable the logical handling of knowledge, on the other (cf. the "Affektlogik" of Ciompi 1982). Edelstein and Noam's criticism starts from a GE whose validity claims rest on the postulate that thought structures are universal, as is the theory describing them, the more so if this universality claim amounts to discounting other forms of life and thought. Schöfthaler (1984, 31) too fears the claim to universality of any theory of cognitive development which may ultimately be abused to "legitimate a culturally successful and dominant model for the use of reason".20 We must always ask, then, whether a theory cast in such general and comprehensive terms is capable of adequately grasping a possible or even factual multifinality in the development of reason across all cultures. 


	We are thus in the midst of a process of cultural relativization of logical and 'a-logical' ways of thinking. This relativization need not make things more arbitrary; to the contrary, it may actually help give cognitive competence a meaning that comes closer to life itself. 


	Furth (1987) took a similar path when he tried to reconcile Freud with Piaget. He concludes that the key to hominization is not the sole formation of a realm of symbols, but that an emotional covering with deep personal drives accrues to symbols, which rests on the marriage of Cognition and Eros in the symbolic phase of development (cf. note 18). In this period of development the object is no longer just socially mediated as in the suckling phase, in which social ability has yet to be acquired (the so-called "epistemic triangle" after Nicolaisen 1994; the "sociocultural zero position" after Dux 1982); the object is now primarily social.


	In conclusion, we may state with Furth that: "The area of expansion is now infinitely greater, and the environmental object became interwoven with the constantly changing interpersonal relations between self and others. To isolate human cognition from its human context is illusory precisely because cognition is this human social context (or its construction)." (Furth 1987, 16)





Notes


1	Thus Furth 1960 describes Piaget's GE as "radical constructivism". Engels 1989 would rather call this "constructionism", to avoid confusion with the Erlangen school's type of epistemological constructivism. Readers interested in Piaget's influence on and relation to radical constructivism can be referred to a special Suhrkamp volume (Rusch/Schmidt 1994); see also Edelstein/Hoppe-Graff 1993.


2	Engels 1989, 257; cf. Engels 1989 and Janick 1993. On the special significance of the two functional invariants that bring about cognitive structures, assimilation and accommodation,  Furth (1969, 127) writes: "Piaget uses the concept of 'assimilation' to designate a form of signification or comprehension that is directly connected with the transforming, structuring aspect of recognition [Erkennen, K. S.]. He uses the concept of 'accommodation' to designate the outward-reaching aspect of recognition, the application of an active plan to a given event."


3	"Although selection pressure at first pushes towards coherence only … communications, first about [the system's] presence ["Hiersein"], then about its state ["Befindlichkeit"], do occur, followed by messages about the external system; thus correspondence with the environment comes about, which is conveyed in turn to the coherence of the internal systems." (Riedl 1994, 41; cf. 38ff and Riedl 1987, 24, 32).


4	The common ground between GE and EE actually reaches even further: With respect to the mechanism of the epigenetic system, Piaget has elaborated the concept of phenocopy. His usage of "phenocopy" departs markedly from the original meaning of the concept (cf. Hooker 1994), but it comes close to Riedl's model of imitative epigenotype ("imitatorischer Epigenotypus"), developed in 1975.


5	Along with space and time as intuition forms, Riedl 1980 distinguishes four additional pre-conscious "hypotheses" for our cognitive apparatus: the hypothesis of probability, the hypothesis of comparability, the hypothesis of causality, and the hypothesis of finality. A critical discussion of these controversial claims will have to await a future occasion; cf. Stotz 1996, where I discuss the culture-dependency of the forms of intuition.


6	Cf. Hoppe-Graff (1993), a collection and critical examination of the main criticisms of Piaget's work.


7	"The mediating behavioral factors for articulating the highest forms of rational adaptation lie in the most general co-ordinations of human action by the 'epistemic subject', which is present in all of us and spontaneously creates, under favorable social conditions for development, the construction of those universally accommodated logico-mathematical structures." (Wetzel 1980, 264).


8	"Mathematics and logic at first depend more on the subject's activity than on physical knowledge and lead to the assimilation of reality to the schemata of this activity.... This means nothing else than that the assimilation of reality to mathematical science refers to a deep correspondence." (Piaget 1950/1975, 254).


9	Piaget's distinction between competence and performance belongs here as well.  The former designates a structure of behavioral co-ordinations which forms systems of actions, operations, and interactions that are universal and therefore common to all cognizing subjects at a given level of cognitive development.  The latter designates the specific cognitive content, the application of the underlying ability, the individual and psychological ability to distinguish intelligence. 


10	Thus Lorenz often seemed to underrate the ontogenetic and active construction of cognitive structures when he treated culture as a mere supplier of knowledge: "at the basis of language learning lies a program that has become phylogenetic, which in each child again and again integrates innate conceptual thought [italics mine) and the culturally transmitted vocabulary." (Lorenz 1978, 288).


11	For Piaget, internalization denotes the ability to represent, viz., the formation of inner images and inner language by the real weakening of imitative movements and hence the presence of absent events. Interiorization, to the contrary, means the internal structuring of general cognitive plans, assimilatory schemata, and their functional dissociation from external cognitive contents. (Cf. Furth 1987, 120).


12	"The active character of mental life, which arises from the circumstance that action becomes progressively more internalized, underlines the overall importance of the operations. Intellectual operations are really nothing but systems of mutually co-ordinated actions that have become reversible through their constellation. On this view, logical 'groupings' and elementary mathematical 'groups' appear as the necessary form of equilibrium of actions, towards which any mental development tends, the more perceptions, habits, etc., are freed from their original irreversibility and develop towards a reversible mobility that marks the action of intelligence." (Piaget 1975/1950, 256f).


13	Although sensorimotor structures cannot yet be likened to logical thought in the usual sense, Piaget (who calls this the "logic of action" elsewhere), discerns specific preformations of logic: the logic of inclusion, the logic of order, the logic of correspondence, the logic of object permanence, and the logic of reversibility.


14	Piaget speaks of the "operative" aspect of cognition, in contrast with "figurative" cognition (bound to perception), as a structuring and constructing action knowledge. The concept thus comprises the whole cognitive domain from sensorimotor structures to formal intelligence (cf. Kesselring 1988).


15	In his sociopsychological theory of communication, the 'symbolic interactionist' Georg Herbert Mead (1934/1969) attempted to trace the logical genesis of linguistically mediated interaction via three levels of interaction (signal language, interaction mediated by symbols, and norm-regulated interaction) from the earliest beginnings in instinct and gesture. Mead particularly pursued the transition from gesture-based interaction (with its objective or natural meanings) to a symbolically mediated interaction (with the attendant rise of symbolic meanings). Habermas integrated Mead's theory of meaning in his magistral "theory of communicative action" (1981, vol.2, 7-169). For generation of meaning also see Bruner 1993.


16.	However, Lorenz did not overlook that the use of symbols was prepared already amongst higher primates, especially in captivity. "In their dual function of communication and motivation of modes of social behavior, ritual behavior in higher social animals constitutes a holistic system which in spite of its plasticity and capacity for regulation, is a solid framework that bears the whole social structure of the species." (Lorenz 1978, 266).


17	Gehlen (1972, 44) points to "highly important investigations" by Adolf Portmann: Die Ontogenese des Menschen als Problem der Evolutionsforschung. Verh. d. Schw. Naturforschenden Ges. (1945); Biologische Fragmente zu einer Lehre vom Menschen (1951); Zoologie und das neue Bild vom Menschen (1960).


18	"Detachment of cognition from actual situations would be pointless if the organism did not at the same time ensure that this novel object knowledge is invested with energy.... Setting cognition free must therefore go along with a setting free of energy.... In humans, sexual energy ... was detached from an immediate biological goal and thus became available for being invested in a symbolic representation of satisfactory social relations. Here is located ... the binding of sexual energy that Freud associated with the pleasure principle as the novel motivating force behind symbolic products.… In the pre-human domain, one could say that evolution had selected sociability in such a way that it served the goal of the sexual drive. With sexuality set free in man, the relation is now reversed: sexuality now serves the goal of social co-operation. This, in my view, is the great turning point, and justifies the assertion that the human brain has developed in correspondence with an environment of social relations to which it has become especially adapted." (Furth 1987, 123 and 125).


19	Not until the late 1940s did Piaget formulate the outline of a cybernetic, systems-theoretical approach to GE, in which the monadological subject as a reduced organic system is the focus of interest.  By contrast, Harten's central thesis has it that Piaget's early writings can be understood as belonging to a sociological epistemology, which takes cognition as the result of social practice and sees the subject as a dialectically emancipated social being. "For Piaget, cognitive development therefore always means cognitive socialization in the double sense that pre-societal structures turn into social and political competence, which in turn are built up only through socialization and not in the monadological action of a lonely subject." (Harten 1977a, Preface).


20	A critique of the cognitive one-dimensionality of western society is also found in Habermas (1981, vol. 2, 449, 489ff).  Reflections on the development of post-formal structures of thinking are found in Kramer (1983) and Riegel (1975/1978, 91).  Riegel suggests that the last stage of cognitive development is that of "dialectic operations", in which "the individual is able to recognize contradictions as the basis of all thought." Here we must mention the reconstruction of Kohlberg's theory of moral development (as a further elaboration of Piaget's GE) by Gilligan (1977;1980; 1982) and J. M. Murphy, in which a concept of "contextual relativism" or a relativistic ethic of responsibility is set against a level of post-conventional development. Here, the aspect of justice is linked with those of care and responsibility. 
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