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Epistemologia genética e a (in)visibilidade das abordagens construtivistas nas neurociéncias

Abstract

This paper discusses the current debate about the field of cognitive neurosciences, its possible
relation with the genetic epistemology of Jean Piaget and the reasons why the constructivist

approaches in the neurosciences have been little promoted. In order to demonstrate that the
neurosciences don’t constitute a singular, unanimous and finalized area as it establishes the
common sense, is proposed a theoretical revision of the stages of development of Piaget and
the discussion of the psycho-physiological parallelism defended by him. Thus, is presented the
neurobiological evidences pointed out by Herman T. Epstein for the occurrence of Phrenoblysis
(periods of fast brain growth), interspersed with periods of slow growth and that occurring in
correlation with the Piagetian stages. With this, we search to draw possible approximations
between the genetic epistemology of Piaget and cognitive neurosciences, demonstrating that
human cognitive development is structured in the psychological and biological pillars, and that
these are linked to social, cultural, educational and genetic factors as well as to demonstrate that
the base of support of the constructivist pole in the neurosciences is quite solid. Also is discussed
that the superficial analysis of Piagetian precepts, the adoption of partiality and omission of data,
the failure to consider his works as a whole, the attachment to isolated works in certain periods,
secondary and tertiary readings of the Piagetian work and the problems of reading and translation

114 of the original texts impede Piaget’s view as epistemologist and justify the little dissemination of
? the constructivist approach in neuroscientific research.
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Resumo

Este trabalho discute o atual debate sobre o campo das neurociéncias cognitivas, sua possivel
relagdo com a epistemologia genética de Jean Piaget e os motivos pelos quais as abordagens
construtivistas nas neurociéncias tém sido pouco promovidas. Para demonstrar que as neurociéncias
ndo constituem uma 4rea singular, unanime e finalizada como institui o senso comum, propomos
uma revisao teérica dos estdgios de desenvolvimento de Piaget e a discussao do paralelismo psico-
fisiolégico defendido por ele. Assim, apresentamos evidéncias neurobiolégicas apontadas por
Herman T. Epstein para a ocorréncia de Frenoblenoses (periodos de rdpido crescimento cerebral),
intercalados com periodos de crescimento lento e que ocorrem em correlagdo com os estdgios
piagetianos. Com isto, busca-se tragar aproximagdes possiveis entre a epistemologia genética de
Piaget e as neurociéncias cognitivas, demonstrando que o desenvolvimento cognitivo humano estd
estruturado nos pilares psicoldgico e bioldgico, e que estes estao ligados a fatores sociais, culturais,
educativos e genéticos; além de demonstrar que a base de sustentagdao do pélo construtivista nas
neurociéncias é bastante solida. Discutimos, também, que a analise superficial das evidéncias
ou dos modelos piagetianos, a adogao de parcialidade e a omissdo de dados, a nao consideragao
dos trabalhos dele como um todo, o apego a obras isoladas em determinados periodos, leituras
secundadrias e tercidrias da obra piagetiana e os problemas de leitura e tradug¢do dos textos originais
impedem a visao de Piaget como epistemologo e justificam a pouca divulgagdo da abordagem
construtivista nas pesquisas neurocientificas.

Palavras-chave

Cérebro, desenvolvimento mental, psicologia do desenvolvimento, epistemologia, neurobiologia

Resumen

Este articulo discute el actual debate en el drea de las neurociencias cognitivas, su posible
relacién con la epistemologia genética de Jean Piaget y los motivos por los cuales los enfoques
constructivistas en las neurociencias han sido poco utilizadas. Para demostrar que las neurociencias
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no constituyen un drea singular, unanime y finalizada como instituye el sentido comun ilustrado, se
presenta una revision tedrica de los estadios de desarrollo de Piaget y la discusion del paralelismo
psico-fisiologico defendido por él. A continuacién, se presentan evidencias neurobioldgicas
apuntadas por Herman T. Epstein para la ocurrencia de Frenoblenosis (periodos de rdpido
crecimiento cerebral), intercalados con periodos de crecimiento lento, que estarian relacionados a
las etapas piagetianas. De esta forma, se busca trazar aproximaciones posibles entre la epistemologia
genética de Piaget y las neurociencias cognitivas, demostrando que el desarrollo cognitivo humano
estd estructurado en los pilares psicolégico y bioldgico, y que éstos estdn ligados a factores sociales,
culturales, educativos y genéticos; ademds de demostrar que la base de sustentacién del polo
constructivista en las neurociencias es bastante solida. Se discute, también, algunos posibles motivos
para la negligencia de la obra de Piaget en el drea de las neurociencias, donde se apunta: el anlisis
superficial de las evidencias o de los modelos piagetianos, la no consideracion de los trabajos de él
como un todo, el apego a obras aisladas en determinados periodos, lecturas secundarias y terciarias
de la obra, entre otros. Tales equivocos de lectura impedirian la visién de Piaget como epistemologo
y justifican la poca divulgacion del abordaje constructivista en las investigaciones neurocientificas.

Palabras clave

Cerebro, desarrollo mental, psicologia del desarrollo, epistemologia, neurobiologia. 115

Introduction

This article aims to discuss the current debate surrounding the field of
cognitive neuroscience, its possible relationship with the genetic episte-
mology of Jean Piaget (1896-1980) and the reasons why constructivist
approaches in the neurosciences have been little promoted. Evidence of
the polarization of this debate will be presented in the course of the text,
which is structured in three sections, mainly regarding the approaches
that point to the validity of the Piegetian theory, in order to demonstrate
that the neurosciences do not constitute a singular area, unanimous and
finalized as established by the enlightened common sense. On the con-
trary, the debate about constructivism in the neurosciences remains open.

Therefore, the first section addresses the issue of cognitive devel-
opment for Piaget, which presents the phases of development and the
criticisms raised on this topic. Then, in the second section, the discussion
on the psycho-physiological parallelism of Piaget is presented, in which
the interactions between the biological factors and the physical environ-
ment in the constitution of the epigenetic system are discussed. In the
end, the last section deals with the cerebral stages of Herman T. Epstein
(1920-2007), in which is shown that his studies on brain development are
directly related to the Piagetian theory.

Although the neurosciences have only recently acquired their cur-
rent status - the great advances at the end of the 20th century gave their
last decade the title of ‘Decade of the Brain’- during the journey the impact
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of beliefs focused towards the absence of environmental influences and
for the finalization of the subject centered on its genetic/chromosomal
inheritance left deep marks in the widespread knowledge on this subject.
It is still possible to find disbelief in the union between cognitive neurosci-
ences and genetic epistemology, as if one automatically cancels the other.

Becker (2003) argues that the great challenge of human learning
lies in the overcoming of conceptions based on epistemologies of com-
mon sense, be they innate or empirical. Machado (2015) comments on
the dichotomy between common sense and scientific knowledge and the
fact that common sense tends not to accept the human being as ‘marked-
ly organic’, while the neurosciences and their scientific knowledge bring
an understanding about the human organism, emphasizing the biologi-
cal context. In this context, we can attack what Corso (2009) presents on
brain plasticity, showing it as very recent and highlighting that until then,
the neurosciences presented the nervous system as a programmed, non-
modifiable structure.

According to Machado (2015), it is necessary to dissociate with
common sense that has difficulties in accepting that ‘markedly organic’
character of humans and also with the academic schools that try to show
humanity as only biological. The understanding of the epistemological
subject and of the study carried out for this understanding requires the
dual character (integrated psychological and physiological approaches)
as presented by Piaget and defended in the neuroscientific area, for ex-
ample, by Herman T. Epstein, Steven R. Quartz, Terrence Sejnowski, Wil-
liam J. Hudspeth, Karl H. Pribram and Ant6nio Damadsio. However, it
is important to note the echo highlighted by Corso (2009) that Piaget
“considered the maturity of the nervous system a necessary condition,
although not sufficient, of cognitive development” (p.229).

Many visions and many approaches exist regarding neurosciences.
Many times, the term is not even used in the plural, denoting a unique
science, standardized, unanimous. Correa, Agila, Pulamarin and Palacios
(2012) present as a common expression to call of ‘neuromyths’ the misin-
terpretations about the findings of the neuroscientific field, which shows
a certain frequency of these events. Even in applied areas, such as neuro-
education, where a transdisciplinary field is discussed (education, psy-
chology, neurosciences, etc.), a final and standardized vision is presented.

An example of this occurs when Aranha and Sholl-Franco (2012)
show the field of neuroeducation responsible for presenting “methods
and techniques that optimize, or even make possible, in some cases, a bet-
ter teacher-student relationship and teaching-learning process” (p.11).
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Just thinking about the possibility that a whole scientific, transdisci-
plinary and heterogeneous field can have successful recipes ready to be
applied, immediately denotes a positioning by the singularization and
standardization of this field. Another example to address is the research
of Hansen and Monk (2002), in which they developed a work that consti-
tuted a review of searches on brain development and learning structures.
They constructed proposals for the analysis of learning in science educa-
tion, which became one of the few references of this subject within the
scientific teaching and the didactics of science.

Using Electroencephalogram (EEG) imaging techniques, Cerebral
Potential in Related Events (EEG/ERP) and Magnetic Resonance Imag-
ing (MRI) to accompany the mechanisms of brain functioning while the
subject was performing the proposed tasks, the work of these authors

provided evidence that cerebral maturity can structure the plasticity 117
available for the construction of the mind, and allowed the proposition S
of the implications of this knowledge for science education. However,

when discussing their study, they attract researchers with different views
(Alexander Romanovich Luria (1902-1977), Herman T. Epstein (1920-
2007), Jean-Pierre Changeux and Stanislas Dehaene) wishing to discuss
the maturity of the Pre-frontal cortex, they were able to demonstrate the
neuroplasticity being longer in the brain in maturity than shown up to
that moment and, also, that the human brain initially has an excess of
synaptic connections and performs pruning, maintaining some connec-
tions while others are removed. However, not addressing the different
views used by the researchers cited in the study once again reinforced the
idea that neurosciences have a homogeneous and non-conflictive under-
standing of their field of study.

The internal conflict of that area is basically polarized between an
innatist field and a constructivist one. Eichler and Fagundes (2005), in
discussing the famous debate between Piaget and Chomsky, bring this
analysis to the focus and demonstrate the points of view and approaches
given by both sides of the debate. Using a Piagetian bias in the reading of
neurobiology, the authors criticize Chomsky’s and Changeux’s innate vi-
sion, accepted and defended by many, and demonstrate that there would
be evidence to suggest, that the discussion on constructivism in the neu-
rosciences is still open.

In this sense, we can cite the constructivist manifesto of Quartz and
Sejnowski (1997), who proposed to present the neural basis for cognitive
development, which they named neuronal constructivism, as an example
of the constructivist side of this debate. Through this manifesto, they dis-
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closed neurobiological evidences that the representational characteristics
of the cerebral cortex are constructed in the dynamic interaction between
the mechanisms of neural growth and the neuronal activities derived from
the environment, whose growth is being shown as a progressive increase
of the representational properties of the cortex. Human cognitive evolu-
tion should not be seen simply as the increase of specialized structures.
Neuronal constructivism shows, on the contrary, that it is the increase in
the flexibility of representations that allows environmental factors to mold
the structure and functioning of the human brain.

It has been argued that the neuroscientific field is vast, non-homo-
geneous, polarized in the debate on innatism vs constructivism, and thus
it is seen that the enlightened common sense of the subject has not taken
these discussions into account. In spite of the currents that affirm the in-
validity of the constructivist theory, it is possible to notice among them a
quite specific behavior: the supposed invalidity of it comes in the middle
of a superficial study of its models, of the adoption of a bias that leads to
the omission of data, the non-consideration of Piaget’s works as a whole,
the attachment to isolated works in certain periods, secondary and tertiary
readings of the Piagetian work, problems of reading and translation of the
original texts, among other reading problems, as noted, for example, in
Eichler and Fagundes (2005). The discussion of Lourenco (2016) about
the ‘received vision’ of Piaget’s work clarifies these points well.

An example of a superficial study of the Piagetian work is high-
lighted by Dongo-Montoya when speaking about the criticisms made by
Lev Vygotsky (1896-1934) of Piaget’s work. When analyzing questions
raised to criticize linguistic egocentrism, Dongo-Montoya (2013) states:

—

)
\_/D ;

Next, Piaget affirms that his critics stopped in the observation of the first
chapter of its work the Language and the Thought of Infants (1999). In
that chapter, Piaget places as an evident an inventory of the spontaneous
speech of the infant, trying to distinguish individual monologues and
collective monologues from adaptive communications (cooperatives).
In the second and third chapters, the conversations and the arguments
of the infants are studied, which aim to overcome their own points of
view. However, these studies were not taken into consideration by the
critics (p.278).

Another good example, now demonstrating the adoption of par-
tiality and omission of data, comes from the position adopted by Maximo
Piattelli-Palmarini, editor of the book with the debate between Piaget and
Chomsky. For Eichler and Fagundes (2005), the author demonstrates:
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[...] tendency to disavow, silence and/or eliminate the perspective that
is divergent in relation to the one that he adopts, using, skillfully, the
rhetorical arsenal used by Piattelli-Palmarini and can be evidenced in
the introductions and in the conclusions that he makes to each chapter
of the book (p. 258)

According to Eichler and Fagundes (2005), “the defense of Chom-
sky’s scientific program is made, some years later, by the organizer of the
originated book” (p. 256). However, the committed researcher will do
exactly the opposite, and in his search for the whole he will deconstruct
the stereotypes and discover that many current data and new searches
corroborate the Piagetian work, as the current neurobiological investiga-
tions show that is, at least, hasty to sustain the credit of constructivist
contributions. The debate, therefore, is still open and, at the moment, has 119

created more polarization than productive search.
In this way, this article adds in the sense of keeping this debate S

alive. For this, we present a review that seems to go against the enlight-
ened common sense and discourse that promotes the neuroscientific
field as idealized, homogeneous, infallible, finalist and, finally, singular.
Presenting some ideas about constructivist approaches in neurosciences,
which have been little disseminated, speculate about the motives of dele-
tions and silences in relation to epistemological controversies in the neu-
rosciences. In short, it is suggested that, if nothing changes, society will
continue to believe that there is only one neuroscience, and that it is the
possessor of a singular, unanimous and finished wisdom.

Cognitive development for Piaget

Undoubtedly, the stages of cognitive development proposed by Piaget
have been the target of much of the criticism involved in the debate dis-
cussed here. Opposite points of view and many propositions attempt to
analyze the Piagetian context, method and approach (Houdé, 2009, Niaz,
1998, Lourenco, 2016). Houdé (2009) points out Piagetian development
phases as occurring in a linear and cumulative way. Carey, Zaitchik and
Bascandziev (2015), affirmed that Piaget’s work “has two essential theo-
ries: constructivism and the theory of phases” (p.36). Following another
bias, Louren¢o (2016) notes that the stages of development have been “the
center of considerable empirical research and theoretical controversy”
(p-123) and discusses a “received vision” of Piaget’s theory that, together
with a weak understanding about development, are responsible for mis-
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understandings about the subject. Subia and Gordén (2014) affirm that
in the origins of psychology there was no presence of cognitive structures
and that it was Piaget who established a progression in the stages. Niaz
(1998) pointed out several researchers who rejected Piaget’s theory for
considering the development occurred in too heterogeneous stages, he
immediately points out that the critics misinterpreted the meaning of the
stages of human intellectual development.

Widely disseminated, the Piagetian theory has been addressed in
didactic books and literature focused on the fields of development psy-
chology and pedagogy (education in general). Many of these didactic
books (Boyd and Bee, 2011, Bee and Boyd, 2011, Papalia and Feldman,
2013, Gazzaniga and Heatherton, 2005) present extremely short ideas,
containing only key points and often reinforcing the idea of that the Piag-

120 etian theory revolves around the stages of cognitive development. Boyd
~ ? and Bee (2011), for example, use a page to present Piaget’s theory and the
\ stages of cognitive development are presented only in a picture that oc-

cupies almost half of a page.

When dealing with Piaget’s stages of cognitive development, Lou-
ren¢o (2016) highlights a series of fundamental points: 1) Piaget’s vision
as an epistemologist and not a psychologist, and his interest focused on
the emergence of new forms of knowledge and not on individual de-
velopment; (2) the fact that Piaget has never abandoned the stages of
development stands out, and that “it does not imply that the stages are
at the center of his theory” (p.124) (3) the reaffirmation of Piaget’s belief
that development never ends, and that “formal structures can be infi-
nitely elaborated, extended, differentiated, composed and transformed”
(p-128); (4) the factors due to which the development changes pointed
out by Piaget are due to biological maturity, physical experience and so-
cial interaction (where language was included); (4) Critics of the Piaget-
ian theory are pointed out as resulting from readings made from poor
translations, from the non-reading of original texts (because they were
not translated from the original in French, and therefore from Piaget’s
lack of understanding as an epistemologist); and finally, (5) pointing out
the importance of the stages of development for the studies carried out
by the psychology of development and its reiterated affirmation that “if
the stages did not exist, we should invent them” (p.132).

In relation to the periodization of cognitive development, Piaget
(1956) divided intellectual development into three major periods: the
period of sensory-motor intelligence, the period of preparation and or-
ganization of specific operations, and the period of formal operations.
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The approach of the characteristics pointed out as the main descriptors
of these periods, are propitious to continue with an exploratory and not
profound character, with the intention of grounding the discussion that
we propose ahead.

On the period of sensory-motor intelligence, briefly, it can be
noted that Piaget (1956, 1983) presented the new-born as not being the
owner of an awareness of his self, or the limits of its interior and exterior.
This period is marked by the undifferentiation of the subject in relation
to the world and to others, and by the focus of that subject in itself. About
a month after birth, the baby goes on to demonstrate the first habits,
called stable conditions and primary circular reactions, which are related
to the body itself, such as sucking the finger or hands. Around 4 and a half
months the coordination of vision and grip begins and the beginning of

secondary circular reactions, which are directed to the manipulated bod- 121
ies (such as looking, grabbing, etc.). However, the baby still does not look S
for a missing object because its reference continues to be the body itself

because the fixation, being unconscious, remains.

The construction of the Self is only possible insofar as the sub-
ject becomes interested in the other and the permanence of the objects
is shown first when the infant looks for the figure of that other (the
mother, or caregiver, etc.). Around 8 months the coordination of second-
ary schemes begins, where the baby goes to use known means to reach
new objectives and it is when the search for the missing object begins.
With about 11 months begins the differentiation of action schemes by
tertiary circular reaction and the discovery of new means, such as pull-
ing a blanket to itself or find the missing object in different places when
these successive movements are made in a perceptible manner. At last,
around 18 months the internalization of the schemes and solutions of
some problems begins with the prohibition of action and sudden under-
standing. According to Piaget (1983), the revolution that is established in
the sensory-motor period consists of:

... decentralize actions in relation to one’s own body, in considering it
as an object among others in a space that contains all of them and in
associating the actions of objects under the effect of the coordination
of a subject that begins to be known as source or even lord of his move-
ments (p. 8).

After this period, a next one is the preparation and organization of
the specific operations. Piaget (1956) called this subperiod of ‘pre-opera-
tive representations’. That period would start around 2 years and extend
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to about 7-8 years. Around the age of 2, the emergence of the symbolic
function and the beginning of the internalization of action schemas in
representations, which appear in different forms in language, symbolic
play or imagination and imitation. Around the age of 4, representative
organizations based on static configurations, or an assimilation to the
action itself, are started, characterized by interrogations about objects to
manipulate and not preserve sets and quantities. On the observed chang-
es, Piaget (1983) states:

... the subject quickly becomes capable of elementary inferences, of
classifications in spatial configurations, of correspondences, etc. (...)
from the early appearance of the “why?” we are seeing a beginning of
causal explanations (p.12).

122 According to Piaget (1983), the great change in relation to the
ﬁ? sensory-motor period is due to the capacity of conceptualization, since
\_ until then there is no awareness and hardly the material and practical use

of the intelligence schemes. However, he also reinforces that this passage
of action to thought, or of the sensory-motor scheme to the concept, is
the fruit of “a slow and laborious differentiation, which is related to the
transformations of assimilation” (p 13). Between 5 and 7-8 years, an in-
termediate phase between non-conservation and conservation is expect-
ed, where the child initiates the links between states and transformations,
marked by the beginning of a decentration between concepts or concep-
tualized actions, differently from the sensory-motor period, when that
decentration was given in relation to the movements, initially linked to
the body itself (unconsciously). Decentration, seen in this period, allows
the establishment of constituent functions (not yet constituted), because
they are not quantitative, but qualitative or ordinal. In addition to that,
that constituent function is not reversible and, therefore, does not involve
the conservations that are characteristic of operations. Therefore, there is
still no conservation of sets or quantities of matter.

Then, starting around 7-8 years and extending to about 11-12
years, we proceed to the ‘sub’period of the concrete operations’ Accord-
ing to Piaget (1956) is where progressive differentiation, gradual coor-
dination, that lead to the first manifestations of reversibility and con-
servation are first observed. During the development of this period, as
well as in the previous ones, the subjects evolve gradually, slowly and not
abruptly, and go on to demonstrate more complex levels of intelligence.
The way in which the subject proceeds to solve the problem situations
to which it is subjected is characterized by the elaboration of solutions

Sophia 26: 2019.
© Universidad Politécnica Salesiana del Ecuador
Print ISSN: 1390-3861 / Electronic ISSN: 1390-8626, pp. 113-137.



Tais Oliveira Martins and Marcelo Leandro Eichler

based on information or partial data, characterizing the operative classi-
fications, operative reversibility, operative causality, etc. Explaining these
questions, Piaget (1983) notes that:

... the “concrete” operations fall directly on the objects: this is equivalent,
then, to acting on them, as at the pre-operative levels, but giving those
actions (or those that are attributed to them when they are considered
as causal operations) an operative structure, that is, modular in a transi-
tive and reversible way (p.23).

Around the age of 9, a second level of ‘concrete operations’ begins
to establish itself, where the general equilibrium of these operations is
achieved, mainly in what it is talked about in terms of causality. In addi-
tion, new imbalances will lead to the rebalancing that will be established

characterizing the next level. However, a series of new questions is raised 123
by the subject and can lead to a false impression of regression when the S
subject does not master such concepts.

In ‘period of formal operations’, which starts around 11-12 years,
the subject starts operating from hypothesis and not just from objects.
According to Piaget (1983), “knowledge surpasses reality itself to be part
of what is possible and to directly relate the possible to the necessary” (p.
27). Therefore, the subject needs to perform a deductive operation that
goes from the hypotheses to their own conclusions, that is, an operation
that is performed on operations or the relationship that is established on
relationships. Operating at this level of intelligence, the subject goes on
to demonstrate a more complex type of reversibility where investment,
reciprocity, predictability, action and reaction are concurrently observed.

According to Eichler (2015), even with the vast work and immense
propagation, the Piagetian theory continues to find different interpreta-
tions. We have already mentioned Louren¢o’s reaffirmation (2016) for
Piaget’s belief in the continuity of cognitive development since formal
structures can be infinitely elaborated. Even so, there are more recent
works, such as Subia and Gordén (2014), pointing out that with formal
operations “it is expected to have a definitive cognitive structure; which is
preserved, during the rest of adult life “(p.75).

Another example, about the ‘received vision” of Piaget discussed
by Lourengo (2016) is seen in the article by Naranjo and Pena (2016)
in which they discuss logical-abstract thinking, but they do so without
using a direct citation to Piaget. This paper addresses different cognitive
theories and briefly discusses Piaget’s ‘psychogenetic theory’, but without,
in fact, citing Piaget’s only work found in his references.
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Truly understanding the Piagetian vision implies the direct study
of his work. There is a great complexity involved in the search, structuring
and characterization of the evolution of human cognitive development.
One of the ways of understanding the structuring formulated by Piaget
to explain the periods of development and that they are constituted as
successive processes of equilibrium is (Piaget 1956):

From the moment when the balance is reached on a point, the structure
is integrated into a new formation system, until a new equilibrium is al-
ways more stable and with an ever-wider field. It is worth remembering
that equilibrium is defined by reversibility. To say that there is a way to
balance means that intellectual development is characterized by increas-
ing reversibility. Reversibility is the most apparent characteristic of the

act of intelligence, which is capable of deviations and returns (p. 42).
124
Piaget presents the equilibrium processes while revealing the cog-

Q? nitive development, and for that it makes an approach of the processes
and structures necessary for the consolidation of these processes from
a multifocal point of view but emphasizing its approach to the psycho-
logical and physiological factors involved. This integration of the psycho-
logical and physiological systems was known as the psycho-physiological
parallelism of Jean Piaget.

The psycho-physiological parallelism of Jean Piaget

During the great period of scientific production of Jean Piaget there was
no diagnostic and imaging technology (RMI, EEG, ERP and others) or
the current data on the functioning and behavior of the brain to which
we have access today. According to Arsalidou and Pascual-Leone (2016),
Piaget developed his theory without the benefits of current neuroscience.
Even so, the biological knowledge and the studies on adaptation and evo-
lution conducted by him already pointed towards the integration of the
psychological and physiological systems. Corso (2009) uses the proposi-
tions of Antonio M. Battro to affirm that Piaget studied the brain without
neurology and that now is the time to interpret the results he obtained
based on current neurology. Battro himself (1996) made important state-
ments to demonstrate Piaget’s fundamental concern, as an ‘intelligence
psychologist, with the general processes of organic equilibrium over the
particular processes of the nervous system. According to Battro (1996):
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Piaget had a very clear awareness of the limits of his scientific compe-
tences in this field - in the famous debate with Chomsky he said: “I know
nothing about neurology” (Piatelli-Palmarini, 1979, p.290) - however,
he intuited with good reason, that the neurosciences of his time could
contribute little to the study of the development of intelligence, as he
conceived it (p.2).

Piaget always stressed the influence of biological factors on the de-
velopment of intelligence and for the acquisition of knowledge. These
factors would be connected to what he called the epigenetic system, dem-
onstrating interactions between the genome and the physical environ-
ment during the development of those processes that would be mani-
fested by the maturity of the nervous system. The psychophysiological
parallelism provided by him accompanied the development of his theory
and can be seen in various works, although in some moments the little-
known role of neuronal behavior at the time is noteworthy. Battro (1996)
reaffirms Piaget’s defense of psychophysiological parallelism when he
cites the Treatise of Experimental Psychology, he states:

We can remember that Piaget always defended the so-called “psycho-
physiological parallelism”. He was very explicit about it: “if the parallel-
ism between the facts of the conscience and the physiological processes
respond to an isomorphism between the truly implicated systems and
the material systems of causal order, it is evident then that this parallel-
ism also leads not only to a complementarity more, in the end, to a well-
founded hope of the isomorphism between the organicist schemes and
the logical-mathematical schemes used by the abstract models” (p. 2).

For Piaget (1973) these ‘psycho-biological factors’ are not the only
attenuating factors. Analyzing observed differences in the development of
subjects belonging to different social groups, different cultures, and even
subjects of similar realities, he presents several examples where delays
or anticipations in development (decalagens) are observed and makes
it clear that other factors beyond of biological maturity are involved in
these processes. In this context, Piaget (1973) states:

... that they are actions executed individually or actions practiced in
common with swaps, collaborations, oppositions, etc., would be the
same laws of coordination and regulation that would carry the same
final structures of operations or cooperations, while cooperations; Thus
logic could be considered, while final form of equilibria, as being simul-
taneously individual and social, individual as general or common to all
individuals and also social, as general or common to all societies (p.57).
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In addressing the relationships that are established between cogni-
tive functions and social factors, Piaget (1973) assumes to be indispens-
able “to begin by opposing the” general coordinations “of collective ac-
tions to the particular cultural transmissions that crystallized differently
in each society” (p. 56). Explaining the psychophysiological parallelism,
Eichler and Fagundes (2005) assume the behavior as a result of neuronic
processes that can be provoked by external stimuli and adhere to the ideas
of Bunge and Ardila (1987), postulating that:

... human development would be understood as a bio-social process of
neural reorganization intertwined with socialization. Thus, only a devel-
opmental bio-psychology linked to a social psychology would include the
promise of scientific explanations that saw development (p. 259).

126 Many questions permeate the debate about the psychological
”SE and physiological roles of thought structures, the acquisition of knowl-
\ edge, the functioning of the brain and the mind. Initially, distinguishing

the roles of the brain and the mind already brings controversies. Ma-
rio Bunge (1988), in the preface to his work The mind-brain problem: a
psychobiological approach, points out that in the early twentieth century
some eminent psychologists and neurophysiologists disseminated the
idea that talking about the mind was not scientific, more so a superstition
that should be abandoned. Theological concepts about the soul should
also be abandoned, as well as ideas of capacity, disposition, state and
mental process. Science would only accept to deal with concrete things.
For Bunge (1988), there was a need to transform the conception that the
mind is a set of brain activities:

Neurophysiology is necessary, but not enough, because it tends to dis-
card psychological categories, such as the purpose and the thought. And
psychology, which, although equally necessary, is not enough -unless it
is physiological- once it tends to forget the nervous system (p.16).

In what ways do genetic epistemology and cognitive neurosciences
define the role of the brain and the mind? The Neurosciences are focused
on the study of the brain, neural networks, cells and their genetic compo-
nents. Seen that way, some would say that Piaget would have been barely
concerned with psychology, with the study of the soul, of the spirit. But,
obviously, it was not just that. His attempt to construct a biological ex-
planation for knowledge drew a parallel path for the study of the spirit.
In analyzing these points, Corso (2009) states that the:
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... structuring of the nervous system would appear as an intermediary
between the physiological and the mental, since the nervous reaction
would guarantee the transition between physiological assimilation and
the functioning of the organism and the cognitive assimilation or inter-
action of objects or situations in the schemes of action (p. 228).

The key point of the debate about the mind-brain problem, dis-
cussed from Plato to the present day, is summarized in: who is it that per-
ceives, feels, remembers, imagines, wishes and thinks? Is it the mind/soul/
spirit or is it the brain? At least two lines of thought are expressed here. One
that defends the mind as the owner of all states and mental processes and
the other that highlights the brain, because the mind is not independent of
it and, therefore, the mind itself is a set of functions or brain activities. Cor-
rea, Agila, Pulamarin and Palacios (2012) cite Javier Monserrat to affirm 127

neurological and psychic resources that sustain the human organism alive

that the mind functions as an interconnected set of “physical, biological- S
with the processes of information detection and elaboration of the adap-

tive responses to the environment” (p. 129). In addition, they also point to
“manifest integrity between the body and the brain” (p.130).

By the various demonstrations given by Piaget that the mind func-
tions in an interconnected way to the brain, we can believe that he be-
longs to the group called by Bunge (1988) of psychophysical dualists.
Bunge also analyzes that there are two popular varieties of psychoneural
dualism: parallelism and interactionism, both empirically equivalent. For
him, the interactionists, such as René Descartes (1596-1650), Karl Rai-
mund Popper (1902-1994), Wilder Penfield (1891-1976) and here Jean
Piaget (1896-1980) are added, they conceive the brain (the physical part)
and the mind (the mental part) as interacting with each other. The brain
would be for them the basis of the mind, although it is controlled by it.
According to Piaget (1973):

... the psycho-biological factors are far from being the only ones acting.
If it were not an intervention but a continuous action of the internal
maturity of the organism and the nervous system, the phases would not
be only sequential, but also chronological connected to, relatively con-
stant dates, such as the coordination of vision and the subject, around
4-5 months, the appearance of puberty, etc. According to the individuals
and family, school or social media in general, there are often consider-
able progress or delays among children of the same city, which do not
contradict the order of succession, which remains constant, but which
show that the mechanisms epigenetic factors are added (p.54).
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Having brought relevant issues to this discussion, mainly address-
ing several points interrelated with the neurosciences, it is important to
analyze the contributions of research in this field to the subject under
discussion. Battro (1996) states that “it is difficult to find a single quote
from Piaget in the most widespread and influential cognitive neurosci-
ence texts of today” (p.2). Despite this, the author suggests that:

... the model of mental operations built by Piaget throughout his life is
one of the most apt to study the neurocognitive pathways. Today was
the time to do it with rigor and precision. The neurosciences of these
last years progressed in such a way that they allow us to advance decid-
edly in the cognitive field, something that was impracticable in Piaget’s

time (p.3).
128 Seeking to establish possible approaches between Piaget’s genetic
S“ epistemology and cognitive neurosciences, in this article we chose to res-
U cue the works of the American biophysicist Herman T. Epstein, which

will be summarized in the next section.

The brain stages of Herman T. Epstein

A significant number of works using non-invasive technologies for the
construction of images and the study of brain physiology, mainly while
activities are carried out by the subject under study, have brought greater
understanding about the functioning of the brain and, more than that, re-
affirm the Piagetian theory and demonstrate the construction of the mind.

The evolution of technologies and knowledge about the structures
that make up the brain and its functioning will allow ancient beliefs such
as precocious brain maturity, that the loss of neurons was irreversible,
and that brain anatomy could not be altered with experience, began to be
questioned while the notion of plasticity began to be constructed. From
there, the growing number of conducted studies build new contours for
scientific knowledge about the functioning of the brain and the mind.

Epstein did extensive work on brain development (1974; 1990;
1999), in some of them accompanying the weight gain of that organ and
increased circumference of the skull in children and adolescents. He is
one of the researchers linked to the neuroscientific field who propose
commitments of his work like that of Piaget. In his work entitled The
roles of brain in human cognitive development (1999), Epstein opens the
article emphasizing the relationship between brain development and the
Piagetian description of the stages of development. According to him:
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Brain development in humans occurs at established stages in correlation
with the Piaget stage principle for the development of thought. This
provides a description of cognitive development as a partial result, from
and dependent on biological events occurring in the brain. Evidence
shows that some eventual brain structures depend on a combination of
instructive biological events or experimental data (p.1).

Battro (1996) affirms that Piaget always defended the idea of a
general process of balances and cognitive imbalances that prolong the
regulations and organic deregulations. Corso (2014) highlights the fact
that for Piaget behavior is exposed to all imbalances by being dependent
on a medium that is unlimited and unstable. Thus, the creation of a per-
manent compensation system for external disturbances and adjustments
that are both retroactive and anticipatory. Piaget (1973) says:

Individual development is, in fact, a function of multiple activities in
its aspects of exercise, experience or action on the environment, etc. It
intervenes, without ceasing, between the actions of the particular or
increasingly general coordinations. That general coordination of the
actions supposes then multiple systems of self-regulation or equilibra-
tion, that will depend on the circumstances, as much as the epigenetic
potentialities. The intelligence operations themselves can be considered
superior forms of these regulations, which shows, at the same time, the
importance of the balancing factor and its relative independence, as re-
gards biological pre-information (pp. 54-55).

The intention of Epstein (1974) was to demonstrate that the hu-
man brain has periods of great growth in weight, and that these periods
are not directly related to the general growth of the body. Using data from
previous searches conducted by Coppoletta and Wolbach, Reed and Stu-
art, Blinkov and Glezer (in Epstein, 1974), he found in that analysis about
the increase in brain weight that periods of special organ growth (heart,
lungs, liver and kidneys) and the body as a whole, generally did not coin-
cide with the characteristic periods of brain growth. To define those pe-
riods of rapid growth, brain and mind, he coined the term Frenoblenoses,
the Greek phreno-brain or mind, blysis-emergence, growth of matter and
nosis-knowledge.

Epstein organized his brain cartography in periods that inter-
spersed rapid and slow growth. During rapid growth there is an increase
in brain cells (to some extent) and the spread of neural networks and
their associations through connections and the establishment of synaps-
es. In periods of slow growth, these networks are perfected, strengthened,
trimmed. The quality with which the networks develop will be mani-
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fested in the next stage and will serve as a basis for the development of the
following skills. These facts reinforce the Piagetian thesis of the construc-
tion of knowledge, in which the individual’s action on objects and fear
and the responses he receives when doing these interactions are the basis
of the necessary assimilations for the advancement of his learning. For
each period of rapid growth identified by Epstein (1999), corresponds
another, slower where he observed that “During periods of rapid brain
growth the brain weight increases on average from 5 to 10% while, dur-
ing interim periods of low brain growth, the increase is maybe 1%” (p.
1). When analyzing the periods described and the ages around which the
establishment of these is expected, we see an intimate relationship that
reaffirms Piaget’s studies, as seen when Epstein (1999) says:

130 As the child grows, those movement controls improve with practice and
experience then the networks controlling these movements must be be-
(SE ing polished and sharpened and, therefore, they work more efficiently. If

the child does not gain enough experience and wide variety to activate a
whole spectrum of movements, some of these movement networks may
be less than optimal (p.3).

In presenting his evidence, Epstein makes clear the need for experi-
ence (that is, experience, experimentation, attempt/error, in short, assimi-
lations) and the relationship with objects and the means for the previous
structures to be established with quality. His perceptions about human
cognitive development reinforce the theory of cognitive development in
stages created by Piaget. Still, according to the author (Epstein, 1999):

... evolution has proceeded by increasing the number of contacts be-
tween areas (and their characteristic functions); this indicates a signifi-
cant additional arborization. Then the phases (3-10 months and 2-4,
6-8, 10-12, and 14-16 years) are now experimental facts and not just
theories. This sudden increase in brain growth has been found occur-
ring from the earliest beginning of the stages of the development of
Piaget’s thought (Epstein, 1980, 1986, Hudspeth and Pribram, 1990);
therefore, they are probably the biological basis of the Piaget stages (p.1).

In order to demonstrate his hypothesis for the occurrence of
brachynosis, Epstein (1974) published two studies in which he divided
this investigation. First, using biophysical properties (measurements of
head circumference and brain weight estimates) at various ages to de-
termine these periods of growth. Next, the examination of behavioral
data that show abrupt changes that could be related to brain biophysical
changes and that indicate possible ages in which to look for periods of

Sophia 26: 2019.

© Universidad Politécnica Salesiana del Ecuador
Print ISSN: 1390-3861 / Electronic ISSN: 1390-8626, pp. 113-137.



Tais Oliveira Martins and Marcelo Leandro Eichler

rapid growth. In this way, his discoveries will make possible these classifi-
cation schemes that are very close to those provided by Piaget.

Epstein’s research presented evidence of the existence of periods
of rapid growth in brain weight and circumference of the skull and still
correlated the physical growth of the brain with the functional growth of
the mind. According to Epstein (1974):

The age spectrum for human frenoblenosis can be correlated with the
growth of mental abilities (...) conversing with teachers, we have reason
to believe that the periods are related to the growth in learning abilities.
Growth between 14-15 years is correlated with the Piagetian stage of
formal operations, which is generally assumed to begin after 12 years.
The growth of the 11 years is correlated with the rapid growth of the
conceptualization on concrete objects in the environment, which is

used in schools to build, for example, ideas about fractions and geomet- 131
ric objects. The growth of the 7 years coincides with the start of formal
learning normally associated with the acquisition of reading and writ-

ing skills for the average child (p.214).

In a study that broadened and corroborated the research on freno-
blenosis, Hudspeth and Pribram (1990) used computerized quantifica-
tion of changes in the frequency spectrum of the EEG (QEEG) to establish
statistical relationships between the states of brain regions and maturity.
According to them, this analysis provided evidence of five statistically im-
portant stages of maturity in the QEEG, providing enough empirical data
to demonstrate the periods of rapid and slow growth suggested by Piaget
and Epstein. According to them, “it is reasonable to conclude that brain
maturity occurs in stages” (Hudspeth and Pribram, 1990, p.883).

Like Piaget, Epstein (1999) presented that babies are born with
“some genetically established neural networks” (p.2), these networks be-
ing necessary for reflex activities such as breathing, sucking, sensory de-
tection, metabolism, etc. From the birth, through the interactions made
by the child (absorption of acts for Epstein, assimilations for Piaget) these
networks will be strengthened, weakened, modified, they will have addic-
tions, etc. The first major period of brain growth was identified by Ep-
stein (1999), which occurs between 3 and 10 months. Mainly, this growth
works to mature the cerebellum, “facilitating its role in the activation and
control of motor actions” (p. 2). Then, a period of low brain growth be-
gins, from 10 months to 2 years, where the child “practically completes
complements of actions and controls, thus improving, consolidating and
perfecting them to the extent that the networks are optimally arranged
for this purpose” (p. 3).
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For Epstein (1999), the second major phase of brain growth is es-
tablished between 2 and 4 years, being this focused for the maturity of
the senses. He mentions the interconnected development of touch, vision
and hearing and comments that “the child can see, hear, taste, touch and
smell virtually at the adult level at the end of this phase” (p. 3). Next,
there is a period of low brain growth that extends from 4 to 6 years, be-
ing characterized by the “gain of experience and expertise in the use of
existing networks and the newly modified to perform sensory and motor
activities” p. 4), which ends up consolidating these functions. According
to Epstein (1999):

...individual differences appear due to differences in life experiences from
that point onwards. From the point of view of something like the Piaget-
ian phases, new functions are being acquired and sharpened in a chro-
nology somewhat without synchrony and then we see the appearance of
? what we call compensations: the spreading of stages of development over
the ages (vertical compensations ) and on top of the parallel domains in
each of the same functions can be used (horizontal offsets) (p.4).

Currently, it is important to highlight more once that oldness is
not a primary factor. The fact is that the sequence of the phases remains
fixed and all individuals go through all of them, and it was identified
in different peoples and cultures, delays or overtaking (compensations)
in relation to the ages in which they manifested, according to the place
where the tests were done. In addition to the biological factors, the so-
cial factors of educational and cultural transmission were highlighted by
Piaget (1973):

In order that the biological factors of maturity can be invoked with cer-
tainty, it would be necessary to be able to verify the existence, not just of
a sequential order of the stages, but even of certain average, chronologi-
cally fixed, appearance dates. However, the results of Mohseni show, on
the contrary, a systematic backwardness of the peasant children, in rela-
tion to the children of the cities, which indicates, of course, that other
factors intervene besides those of maturity (p.60).

Speaking about the growth of the neural network and how this
makes possible the association of sensorimotor and mental functions that
were previously separated, allowing more complex operations around six
years, he emphasizes that this acquisition does not depend more on an
increase of nerve cells than by means of stimuli, new networks of neu-
ronal communication are established and manifested among previously
existing networks, which for him had great biological sense since “the
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only networks created after this time will be those activities with sensory-
motor operations” (p. 5) Epstein (1999), who continues to affirm:

It is extremely important to note that these new functions are not ge-
netically programmed because, if they were, virtually all children would
manifest these concrete thinking functions at the same ages, as they do
during the early stages of growth when virtually all children manifest
the typical sensory and motor functions. This means that the operation
of this augmented network is dependent on modifications by the com-
bination of inputs made by experience and instruction. Their functions
must be learned! (p.5).

Following the story of Epstein, he states that above this stage of
development the thought seems to be “almost entirely associative” (p.5),

and highlights that between the ages of 8 and 10 follows a new period 133
of slow brain growth where the consolidation of new functions occurs.
Explaining this question: S

It is very important to note that the synthesis of new brain cells reaches
a virtual impasse around the age of 4-5 years (Winick, 1968). Because
of the limitations of sensitivity in measurements, it is not possible to
state that no synthesis occurs after that. Further, as far as can be deter-
mined, there is a cessation of the activity of the enzyme involved in the
re-application of DNA (DNA polymerase) is an asymptote in the total
DNA by the brain then there is no significant increase in the number of
brain cells.

The importance of this finding is that, because the brain increases about
30% in weight after this age, the additional weight must be in weight
gain per brain cell. Much of the weight gain is in the increased arboriza-
tion of neurons, this means that they send axons and dendrites more
elongated and more branched to create functional connections between
groups of more distant located neurons (Conel, 1939-63, Rabinowicz,
1979). This increase in the complexity of the network becomes possible
and inevitable for the more complex mental functioning (p.4).

Around ten years of age a new period of rapid brain growth was
identified, with the identification of a significant increase in neuronal
arborization where new contacts and associations with pre-existing net-
works occur. These new contacts allow the association of functions of
concrete thought, and from there is the possibility of the manifestation
of formal thought. Still, more a phase of rapid growth was identified be-
tween the 14-16 years, where the additional arborization allows to con-
nect functions of the concrete thought that still were not connected al-
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lowing the addition of functions of the formal thought that will be added
in this period. Considering the general vision of his work, Epstein (1999)
concludes that “Piagetian thought schemes have been confirmed and re-

confirmed many times” (p. 7).

Conclusions

There is no doubt that human cognitive development is structured in the
psychological and biological pillars, and that these pillars are linked to
social, cultural, educational and genetic factors. All the interaction of the
individual with the environment that surrounds it is mediated by these
factors, and it is they who give the basis used in the assimilations made
and subsequent accommodations. The differences found in the various
replications of the Piagetian tests around the world hardly show the in-

terference of these factors.

In the field of neuroscience, the stages of human development es-
tablished by Piaget were confirmed by the extensive research of Epstein
(1974, 1990, 1999), which established the correlation between brain devel-
opment and the stages of Piaget for the development of thought, and that
later it was corroborated by Hudspeth and Pribram (1990), Hansen and
Monk (2002), Quartz and Sejnowski (1997) among others. ing the case, it
was shown that it is possible to establish relationships between cognitive
neuroscience and genetic epistemology and not only that the base of sup-

port of the constructivist pole in the neurosciences is quite solid.

In addition to the stages of development, the demonstrated evi-
dences of the superficial analysis of the Piagetian models, the adoption
of partiality and the omission of data, the non-consideration of Piaget’s
works as a whole, the attachment to isolated works in certain periods,
secondary and tertiary readings of the Piagetian work and the problems
of reading and translation of the original texts, etc.; they constitute suf-
ficient justifications for the little or almost nonexistent disclosure of the

constructivist approach in neuroscientific research.

In this way, it was demonstrated in this article that, contrary to
be a homogeneous, infallible, finalized, singular field, neurosciences are
constituted in a plural and heterogeneous way, supported by diverse and
often contradictory biases, and that the empirical data brought to the
discussion allows that the debate between the nativist and constructivist

poles remain open.
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