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Biopedagogism: A New Theory for Learning
Stamatis N. Alahiotis, University of Patras, Achaia, GREECE
Eleni Karatzia-Stavlioti, University of Patras, Achaia, GREECE

Abstract: Expecting the foundations of cognitive ontogeny to be in considerable concord with phylogeny, we claim that a
possible “coordination” of the brain’s neural networks phylo-ontogenetic dynamics and cognitive devices with a proper
preschool and school education, a theory termed “biopedagogism”, could strengthen physically the relative structures,
thus having a deep positive impact on teaching/learning/education; biopedagogism is expected to result in an easier, faster
and deeper acquisition of knowledge and more effective learning during schooling and thereafter. Such an enhancement
could be achieved by culturing and developing, in a hierarchical, interactive and progressive fashion, some primary, fun-
damental and central for human’s learning competences, those being the technological (T), social (S), language-literacy
(L), and numeracy (N); to this extent some specific examples for schooling and suggestions for educators are also given.
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Introduction

EDUCATION ISTHE systematic interdiscip-
linary investigation of how humans come to
know, and in this sense it is grounded on the
science of learning (Kalantzis & Cope,

2008); this leading to the necessity of reducing ped-
agogical empiricism and advancing pedagogical
scientificism (Alahiotis, 2007). New ideas and con-
siderations could lead to a deeper synthesis of the
knowledge from different scientific fields as e.g.
those of biology, cognitive sciences, neurosciences,
sociology, history, psychology, philosophy, literacy,
mathematics, etc. Within this frame original com-
bined thinking could form an essential basis for the
construction of a new approach to the science of
learning with the emphasis given on the most basic
level, that of the biology of learning. Such an ap-
proach could result to a better scientifically informed
pedagogy for a more effective learning/teaching/edu-
cation.
Within this context it must be noted that humans

come pre-equipped with innate typical cognitive
mechanisms/capacities, as an outcome of the natural
selection (Tooby & Cosmides, 1992; Brown et al.,
2005); those being specified independently, formu-
lating competences (Ingold, 2001; Plomin et. al.
2007), each one being characterized by its’ motor-
kinesthetic, emotional and intellectual manifestation
(Karatzia-Stavlioti & Alahiotis, 2007).
In the presented biopedagogical theoretical consid-

eration we analyze the phylo-ontogenetic and educa-
tional dynamics of four fundamental competences,
relating them to the brain’s biology in combination
to the contemporary social, cultural and technological
changes. This approach that could evolve to a new

pedagogical paradigm, also contributes to the reevalu-
ation of some early pioneer educational theories -
most of which had dramatic influence on the biology
of learning research- as well as to the explanation
on a cohesive scientific basis of some classical school
effectiveness principles.

Evolutionary Aspects of Learning
A gradual growth of the brain size and an increase
of the complexity of thinking took place during
Homo’s evolution (Donald, 1997; Freeman & Her-
ron, 2004; Ridley, 2005; Stringer & Andrews, 2005;
Gärdenfors, 2006), with anatomical changes and new
aptitudes constantly being developed, suggesting
cognitive and cultural changes (Oakley, 1985; Den-
net, 1996; Donald, 1997; Tulving, 2005). Behavior
is also considered hierarchical in organization (De-
haene, 2007) and evolution favoring hierarchical
structuring, possibly due to developmental constrains
(Futuyma, 2005). An evolutionary hierarchical order
of several cognitive devices such as sensations, atten-
tion, emotions, memory, thoughts and imagination,
planning, self-consciousness, free will, language and
numeracy is also suggested (Gärdenfors, 2006).
Investigation on the proposed bymany researchers

categorization and evolution of various cognitive
devices (e.g. Oakley, 1985; Tooby & Cosmides,
1992; Dennet, 1996; Donald, 1997; Tulving, 2005),
reveal several significant common elements leading
to interesting biopedagogical assumptions, as e.g.
those referred to:

• The hierarchical and sequential origin of cognit-
ive evolution that must be attributed to solving
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more complex problems for more effective sur-
vival.

• The evolved cognitive devices that have innate-
genetic basis and could be associated with the
development of simple and/or compound cultural
competences.

• The root for the primitive technological (tool
making-using-transfering) and primitive socializ-
ation competences that could be attributed to
mimesis and representations (Donald, 1997) or
mimicry and reactivity (Calvin, 2005) or plan-
ning, self-consciousness and free will (Gärder-
fors, 2006).

• The roots for the primitive language competence
that could be traced in the period preceding
Homo sapiens speciation, with the phonological
apparatus including the hyoid stone to be special-
ized as a mimetic subsystem (Donald, 1997);
more advanced technology and socialization is
also expected at that evolutionary stage, rein-
forced by language. Analogous assumption can
be made from other relative categorizations as
e.g. that of Calvin’s view for protolanguage that
follows primitive social organization through the
brain reorganization (Calvin, 2005); or Gärder-
fors’s (2006) for language competence that fol-
lows other brain cognitive devices.

• The evolved to numeracy and more advanced
culture/civilization primitive reasoning that could
be traced in the Upper Peleolithic, with the inven-
tion of the first permanent symbols (Donald,
1997). This process could have led interactively
to more advanced levels of the other three pre-
ceded competences; thus, extending technological
performance, improving socialization, enriching
language, as well as enhancing numeracy, ab-
stract thinking and theorizing (Greespam &
Shanker, 2004; Langer, 2005; Dehaene, 2007).

Developmental Issues of Learning
Human brain undergoes two forms of selection
(Brown et al., 2005): the aforementioned evolution-
ary/phylogenetic one and the somatic/ontogenetic,
according to which the genetically preprogrammed
mental networks patterns are shaped through the
environmental signals (experience, practice). Genes
lay down the basic brain’s mental network organiza-
tion and the timing procedure for the neural genera-
tion and death (apoptosis), thus affecting attention,
memory and learning in general, also influencing
how people differ (Posner & Rothbart, 2007). E.g.
many normal cognitive characters or several common
learning disorders are caused by many quantitative
genes called “generalist”, exhibiting pleiotropic effect
(Plomin et.al, 2007), thus influencing various learn-
ing domains. Molecular genetics experiments have

also shown that it is possible for a single gene to in-
fluence a complex behavior; as in the case of trans-
formation of an unsocial field mouse strain to a more
social one (e.g.Young et al., 1999).
Thus, efforts to connect genomics and education

are growing, possibly leading to the field of
“educogenetics” (Grigorenco, 2007). Attempts to
interrelate neuroscience and education, to bring to-
gether biology and cognitive sciences, are un-
doubtedly of great importance, especially under the
developing genetic neuroimaging technology (Plomin
et al., 2007). Hence, as it has already been shown,
within the time limit of a brief school lesson or more
(vocabulary practice e.g.) brain circuits adapt and
change dramatically (McCandliss et al., 1997).
Training studies, in the form of an attention exercise
that the child could enjoy, also suggest the possibility
of improving the network in children of 4 or 6 years
old with 5 days of training, a situation which leads
to more adult like performance (Rueda et al., 2005;
Blakemore & Frith, 2006).
The genetic underprintings build infant’s tendency

to examine novel objects, reflecting its innate per-
formance and social capacity (Bransford et al., 2002).
There is also evidence that children possess an ele-
mentary concept of quantity, with its primitive stage
to be present in nonhuman animals and in human
infants; brain imaging demonstrates the automatic
effect of quantity while the basic brain areas involved
in comparing quantity-numbers do not change from
5 years olds to adults (Posner & Rothbart, 2007).
Children begin to learn to count in a simplistic way
about the same time as their language explosion oc-
curs, at the age of two years; a study by Dehaene
(2007) showed an involvement of language areas in
more complex arithmetic skills.
Such an interactive procedure depends on the de-

velopment of higher executive attentionwhich occurs
between 2 and 4 years and is important for the acquis-
ition of literacy, numeracy and learning in general
(Posner & Rothbart, 2007). Thus, it is of great im-
portance to underline, at this point, the hierarchical
structuring of at least several basic brain networks,
with those e.g for language to be shaped first and
then for numeracy (Posner & Rothbart, 2007). Such
ontogenetic approaches shed light on how neural
networks develop in the infant’s and children’s brains
to shape many basic mental processes, in parallel
with human’s need to acquire progressively critical
and general principles for solving a wide range of
complex problems through more complex compet-
ences based on more abstract thought .
Neuroimaging observations during brain’s opera-

tion suggest an association of possible brain areas
with cognitive components, such as e.g. word recog-
nition (McCandlis et al., 1997; Brown et al., 2005).
However, many results suggest that while mental
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operations appear to be local, because even simple
tasks involve networks or neural areas that often oc-
cupy much of the brain, the idea of the brain’s mass
and holistic action is better supported (Fischer &
Rose, 1998; Posner & Rothbart, 2007; Dehaene,
2007).
To this extent, it is already argued that children’s

brain tends to shift during ontogeny from local
computations to more global ones, as the pathways
connecting neural areas increase (Srinivasan, 1999).
Moreover synchronic and still more effective early
cognitive development opens up unlimited, unique
and accelerated possibilities for intellectual progress
(Langer, 2005). The whole developmental cognitive
procedure is considered to reflect, in general, the
appearance of emergent mental properties and skills
as a result of multiple interactions between innate
capacities and learning opportunities, such as offered
e.g. by a cross–curricular/global/holistic and interact-
ive learning (Alahiotis & Karatzia–Stavlioti, 2006),
where, through the knowledge unification by the
proper subject connections, meta-cognitive skills
could emerge and applied.

Constructing a New Synthesis

The Phylo-Ontogenetic Dynamics
Ontogeny is considered to show at least vestiges of
the species history and reflect to some extent phylo-
geny, as e.g. for the transition appearance of struc-
tures resembling gill slits in the development of hu-
mans and mammals (Ridley, 2005), where ontogeny
recapitulates phylogeny. This “biogenetic law” can-
not stand as a general ontogenetic principle, by
various developmental constraints; it could, however,
have application in limited domains and possibly in
cognitive ones, as the foundation of human cognitive
ontogeny is expected to concord with its (primate)
phylogeny, a procedure attributable to genetic paral-
lels between phylogenetic and ontogenetic mental

development (Langer, 2005). Since individuals could
undertake within the ages 10-15 years old the ex-
traordinary task of learning that accumulated exper-
ience formulated by themankind inmillions of years,
in this sense, ontogeny also recapitulates phylogeny
(Greespam & Shanker, 2004).

The Four Fundamental Competences
Cognitive devices that contributed significantly to
Homo’s survivorship and progressive evolution of
thinking, especially in its early evolutionary stages,
could be considered those that reflect the biological
basis of fundamental, central and nuclear human
competences. E.g. Homo’s species, soon after his
own configuration of the attention and planning ele-
ments, made, used and transferred primitive tools,
having acquired a primitive technological compet-
ence. For this reason we argue that this primitive
technology could be considered to have immerged
first (Fig.1a).
The configuration of human self–consciousness

and free will had increased our fitness (Gärdenfors,
2006) through cooperative activities -the nucleus of
socialization- that extend the primitive technological
performance, offering more safety, through this
second competence, the social one (Fig.1a).
Progressive socialization needed effective commu-

nication which was achieved by the origin of a
proto–language, possibly 2 million years ago, from
the time of Homo habilis (Freeman&Herron, 2004),
evolved more in Homo neaderthalensis and to as a
muchmore spoken language in Homo sapiens. Thus,
language represents a third fundamental capacity for
the language-literacy competence (Fig.1a), which
could have a strong feed back on the primitive tech-
nology and socialization, reinforcing them (as it is
shown by the bipolar arrows of Figs.1&2); this also
happens with reasoning (Greespam&Shanker, 2004;
Langer, 2005).

325STAMATIS N. ALAHIOTIS, ELENI KARATZIA-STAVLIOTI



Fig.1: Schematic Phylo-Ontogenetic (a) Representation of the Four Fundamental Competences (T: Technolo-
gical, S: Social, L: Language-Literacy, N: Numeracy) and their Broad “Coordination” with the Proposed Edu-
cational Axis (b) in a way Inversely Related to the Children’s Age. SIP: Sensitive Interactive Period, with the

Bipolar Arrows to Show Interactions among Competences; LLL: Life Long Learning.

The origin of both the inner and the outer world as
well as the abstract thought in human thinking,
through which he shapes external memories, execut-
ive attention and symbols, are also the basis for the
origin of the quantity and number concept in a proto-
mathematical form, before we have words for them
(Dehaene, 2007). Thus, in a broad sense, numeracy
could be considered as a fourth central competence
that has originated after language (Fig.1a), an assump-
tion which is in accordance with the aforementioned
ontogenetic order of the brain’s mental relative net-
works creation (Posner &Rothbart, 2007); numeracy
might be also reinforced (Fig.1a) by the evolution
of language (Dehaene et al., 2007).
Interactive reinforcement among all four funda-

mental competences is expected (Figs.1&2). This
multiple interaction possibly peaked during a period
we called Sensitive Interactive Period (SIP), which
led to the brain big-bang structural and functional
reorganization and complexity leading to a more
advance configuration of the referred four central
competences. This major reorganization has possibly
taken place 50.000 tears ago (Calvin, 2005) or less
and could be attributed to the evolutionary origin of
emergent cognitive capacities that provided simple
storing, planning and consciousness; traits which
could be traced back at the SIP time.

Biopedagogism
Based on the preceded analysis we argue that a
proper pedagogico-educational investment has to be
“coordinated” with children’s brain phylo-ontogen-
etic dynamics, a theory for which we coin the term
“biopedagogism”. This can be based on the cultiva-
tion of the four fundamental competences in
preschool and the first classes of elementary school,
in “parallel” to their evolutionary and ontogenetic
gross origin order, to generate a stronger, physical
and interactive basis; a procedure that could be con-
sidered to be in some analogy with the SIP cognitive
big-bang. This consideration could also be extended
to the better explanation of the importance of various
developmental “windows of learning opportunities”,
that are crucial in small school ages, in which repres-
entational mapping and systems and even simple
abstractions gradually emerge; basic characteristics
necessary for cultivating competences in higher the-
orizing levels; a procedure that can be approached
through the proper sequential instructional emphasis
on the four competences, “recapitulating” them in
one sense (Figs.1&2). Within this context, proper
education has to gradually process in the middle and
upper elementary school classes through an Inversion
Step (IS), as it is shown in Figure 2, for physically
strengthening the ontogenetically emergent more
abstract thought, and consequently valuating the
preceded learning basis.
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Fig.2: Simplified Schematic Representation of the Instructional Interactive Investment of Biopedagogism.
Educational Emphasis is Denoted in a broad ComparativeWay by the Relative Rectangular’s Areas. IS: Inversion
Step; ES: Elementary School; HS.: High School; T, S, L, N, and LLL, as in Fig.1. The Vertical Arrows Denote
that the Development of the Competences after IS, could be Gradually and Continuesly Increased According

to the Instructional Interactive Investment to Individuals

This consideration is the nucleus of our biopedago-
gical new theory. The dialectical relationship
between hierarchical structure (configuration of
mental networks) and sequential experience (learn-
ing) is a central link between the brain’s phylo–onto-
genetic dynamics and proper pedagogy (bioped-
agogy), that also faces the importance of known and
unknown critical or sensitive brain developmental
periods (Blakemore & Frith, 2006). Such an educa-
tional investment could induce brains somatic selec-
tion more effectively, possibly leading to preparing
children to the easier understanding and deeper ac-
quiring of school knowledge, thus facilitating, pro-
moting and accelerating learning as pupils progress
from preschool and the first school classes to the
middle and upper classes as well as to high school
and life. This biopedagogical process could possibly
lead to physically maximizing human’s relative in-
nate/genetic capacities; a situation that reflects a re-
contexualization of Vygotsky’s ZPD (Zone of Prox-
imal Development).

Discussing Biopedagogism

The scientific interdisciplinary grounding of educa-
tion is addressed by many scholars. Of particular
pedagogical relevance is the New Learning Theory
(Kalantzis & Cope, 2008), that gives emphasis,
among other foundational values and principles, to
the possibility, origin, nature and extent of human
knowledge; a learning parameter that is the major
underlying principle of our biopedagogical theory.
Indirect evidence referring to the significance of
preschool education on the achievement of students

until the age of fifteen (OECD, 2004; Mahar &
Harford, 2004), is in favor of our biopedagogical
arguments, which, while close to some relative ones
investigated by various scientists and scholars, they
differentiate in several general and specific important
points:
Generally, and according e.g. to Hall (1904) the

innate biological program, as a phylogenetic analogy
of development, could be disrupted, but not acceler-
ated or extended; thus being static. Piaget & Inhelter
(1969) also draw parallels between child develop-
ment and the evolution of consciousness, but support
that such connection is not lied on a genetic continu-
ity, despite Piaget’s “genetic epistemology”; thus,
“debiologizing” his evolutionary view of cognitive
hierarchic development. Vygotsky (1986) mastered
on Darwin’s explanation of phylogenetic develop-
ment in a social context, but he, however, did not
focus on the four fundamental competences forma-
tion and relative learning in the way we analyzed
through the biopedagogism. This is a major point
that also differs from many other relative and inter-
esting analyses (e.g. Egan, 1997; Fischer & Rose,
1998; Langer, 2005).
More specifically, the important claims of bioped-

agogism that show considerable originality refer to:

• The plylo-ontogenetic characterization and in-
structional importance of the analyzed four
central for learning competences that could lead:
to new evaluation and more successful applica-
tion of the classical effective learning principles
(Reynolds et al, 2005; Sawyers, 2006); to a ree-
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valuation of Piagetian stages e.g., or Vygostsky’s
ZPD; to an enrichment/reconstruction of future
curricula.

• The proposed assumption of SIP (Sensitive Inter-
active Period) that could contribute to better
phylo-ontogenetic understanding of the emergent
cognitive and educational properties origin.

• The proposed “coordination” model of phylo-
ontogenetic and pedagogico-educational axes
that strengthens the importance of instruction in
early ages and shows at a deeper level the neces-
sity for amore proper (biopedagogical) preschool
education, as well as the most appropriate cultiv-
ation of the sensitive periods.

• The stronger biological considerations for the
deeper understanding of how a child’s learning
could be more effective.

• The instructional examples given below, based
on the IS (Inversion Step) teaching scheme.

Implications for Educators

For an effective application of biopedagogism it is
essential for educators to know the following:

1. According to “biopedagogism”, the technologic-
al competence seems to be the basis upon which
socialization, language-literacy and numeracy
are better built; all of them interacting and
gradually leading to the configuration of person-
al culture and generally to world civilization.

2. The instructional investment of those fundament-
al competences must be in the form
T>>S>L>N; that is muchmore T than the others
or more S than L and N and so on, before IS
(Figs1.a,b&2) and T<S<L<N after the IS and
lifelong. Combined relationships like e.g.
T≥S≥L≥N or T≤S≤L≤N are necessary, depend-
ing on age, school class, subject content, prior-
ities etc.

3. The additive and combined-feedback-interactive
relationships are also important for instruction,
depending on the specific schooling circum-
stances and teacher’s initiative who must also
realize the root or the substrate of each compet-
ence upon which the others will flourish by a
proper cultivation in each child’s fruitful devel-
opmental stage.

4. In parallel to the competences hierarchy and
connectivity, the internal hierarchy of each
competence referred manifestations, should be
also taken seriously into account.

5. The biopedagogical instructional methodology
must include sufficient experimentation that
could gradually move from the use of simple
interesting technological materials for simple
tasks (e.g. proper haptic experiential learning)
to more complicated ones. Activities have also

to move from simple individual/small-team to
more complicated/large-group synergistic ones.
Within the context of a future biopedagogical
school, each classroom has to be a laboratory
consisting of various (teaching/learning) tradi-
tional and neo-technological materials (e.g. ICT,
e-learning), with the school learning environ-
ment to gradually move from a physical/natural
to a combination with a pedagogically construc-
ted cyber one.

6. Having as an example the general theme
“knowing our body” in preschool, emphasis
must be given on children using simple materi-
als to make constructions of human body and
its parts (T), learning-inventing about the need
for collaboration among the various body’s
parts, among e.g. their fingers (a sperm of S),
acquiring their names (L), and their quantity-
number e.g. of fingers (N). Consequently, in
the first classes of the elementary school, before
IS, instruction should be based still on the rela-
tionship T>>S>L>N, with a gradual move from
actions to representations and early abstract
thinking. In the middle and upper classes, and
after IS, emphasis should gradually be given to
more advanced levels of the competences bio-
pedagogical characteristics (hierarchy-interac-
tion-connectivity), informed by and valuating
properly children’s emerging abstract thought
and theorizing

7. The educators could also invent the biopedago-
gical meaning of the cross-curricular approach
to learning, a procedure based on the holistic
acquisition of knowledge in an interactive
learning frame, through the best use of the fun-
damental interdisciplinary concepts and/or
synthetic activities, related to everyday prob-
lems and local/historical circumstances that
formulate knowledge networks, in analogywith
the brain’s networks; empirical data are support-
ive to the necessity of the educators to acknow-
ledge cross-curricularity (Karatzia-Stavlioti
&Alahiotis, 2007) that can becomemore effect-
ive with the biopedagogical investment.

These considerations could be useful as a first step
for implementing biopedagogism in school practice,
applicable anywhere in the world. However, new
future curricula need to incorporate themmore effect-
ively, in a way that before IS, early instruction is
better to be based on theme-project methodologies
moving gradually and mainly after IS from actions
and representations to more abstract thinking/reason-
ing in combination with discipline-based subjects on
an interdisciplinary ground. Within the context of
future curricula, assessment should be continuous,
informative and relative to the biopedagogical char-
acteristics of the four fundamental competences. This
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evaluative investment also contributes significantly
to a more effective integration of the biopedagogical

instruction.
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