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ABSTRACT

This article has the intention to explain how culture influences human mind and brain by referring to
recent research in relevant disciplines: i.e., cultural psychology, cross-cultural psychology, genetics
and epigenetics, neurobiology and neuropsychology, and cultural neuroscience. Cultural-historical
psychology, represented by Lev Vygotsky and the concepts ‘lower’ and ‘higher’ psychological
functions are used as theoretical tools to explain how culture generates human mind and brain.
Lower psychological functions are the natural, non-volatile, instinctive functions not involving
language, signs or thought. In the brain this mind state is represented by neural networks
established before birth primarily by the genetic outfit. The higher psychological functions are
created after birth by the individual in cultural/social interaction and communication. These
functions are unique to every individual, depending alike on genetic features, lower psychological
functions and socio-cultural experience, and represented by neurons all over the brain connected
with synapses created after birth.
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1. INTRODUCTION

Cultural impact on psychological functions, mind
and consciousness has been studied for some
decades in cultural-, and cross-cultural
psychology. Cross-cultural psychology has
demonstrated empirically the discrepancy in
human psychological functions in different
cultures. Cultural psychology has dealt with the
same topic also theoretically, trying to answer the
question: how can culture be transformed to
psychology? Research in recent years has
demonstrated the importance of culture and the
cultural experience also for the function and the
structure of the brain. This understanding is not
brand new; Lev Vygotsky discussed the
relationship or inter-functionality between culture,
biology and mind nearly one hundred years ago.
As trained neuropsychologists and cultural
psychologists he and Alexander Luria became
the forerunners of today’s empirical evidence
concerning how brain due to its ability to change
and develop are shaped by motoric and mental
activity in a specific culture. Between 1930 and
1990 there was little interest in culture in
psychology and neuroscience. However in the
last two  decades psychologists  and
neuroscientists have again focused on culture as
a relevant topic [1,2,3,4,5] (see below). Less than
twenty years ago, neuroscientists began to study
cultural phenomena represented in the brain by
using functional MRI. Today cultural
neuroscience (CN) is flourishing.

Culture has recently also been discussed as a
factor influencing basic and biological human
features: the genes due to epigenesis and the
brain due to brain plasticity. Culture is therefore
taken into consideration in traditionally biological
disciplines in contemporary research. The multi-
directional interactions between biology, mind
and culture has become a popular topic in
human sciences.

At the end of the 20" century disciplines dealing
with human beings, psychology included, had a
strong emphasizes on biology, brain and the
genes. The 1990s was the “decade of the brain”
and the Human Genome Project (HGP) took
place from 1990 to 2003. It is some kind of a
paradox that studies of the human biology,
especially the genes and the brain, led to the
recognition that genes function and brain
structure are dependent on culture. Today it is
accepted also in mainstream psychology that
development of human psychology cannot be
understood  without taking culture into

consideration. Culture is, after all, stored in
people's brain [6]. The human brain is uniquely
evolved to acquire cultural capacities, such as
language [7] and morality [8]. The interaction
between biology and culture is a significant topic
in contemporary psychology.

The aim of this article is to present empirical data
from cultural psychology, cross-cultural
psychology and cultural neuroscience that
illustrate how culture affects mind, genes and the
brain. The paper also presents a theoretical
approach to the topic, combining recent
knowledge about brain development and
Vygotsky’s cultural-historical psychology. The
purpose is to explain how culture is transformed
into higher psychological functions and develops
mind and brain.

All animals are influenced by their cultural
environment. Human beings, however, has
something in addition to (other) animals that
make cultural impact particularly important.
Human beings have higher psychological
functions [9], the ability to use language and
combine it with thinking. The acquisition of
language as a psychological tool is of special
significance for human beings and for their
higher functions. Other living organisms are not
affected by language and cultural signs to the
same degree. To describe and explain how
semiotic systems influence brain and mind is
therefore an important task when studying
human development. Vygotsky and Luria have
delivered important contributions to language
acquisition, and also dealt with the theoretical
and epistemological branch of the problem,
something which is quite uncommon in the
empirical oriented cultural neuroscience. Their
conceptualisation and theories are used in this
paper to explain how culture is internalized and
fastened in the brain. Most of the contemporary
research in cultural psychology, cross cultural

psychology, and cultural neuroscience gives
empirical data for the relationship between
biology, psychology and culture. These

disciplines do not to the same degree give an
explanation or a theoretical model for how culture
with language are internalized and become a
significant feature of man.

Cultural neuroscience (CN) represents a novel
empirical approach to demonstrating bidirectional
interactions between culture and biology. It
focuses explicitly on ways that mental and neural
events vary as a function of cultural traits (e.g.
values, practices and beliefs) [1]. Cultural

256



Kolstad; BJESBS, 6(4): 255-274, 2015; Article no.BJESBS.2015.061

psychology and neuroscience might seem to
inhabit opposite ends of the scientific spectrum.
The emerging field of CN, however, has sought
to combine the theories and methods of these
two disciplines [10,2] and has become a
research field motivated by the intriguing
question of human nature: how do cultural traits
interact with the genes, neurobiology and shape
psychological functions and behavior? CN has
the potential of contributing a new view of person
as biologically prepared and, yet, fully completed
only through cultural participation [3].

Traditionally the brain has been looked upon as
hardware, with a fixed structure and capacity.
Until late in the 20" century most psychologists
was not aware of the brains plasticity and the
synaptogenesis. In the last 20 years the
conceptualization of the brain as a biological
structure changing and developing has
contributed to a totally new comprehension of
human psychological development. The same
happened with the new understanding of the
influence of the genes on psychology and
behavior. It came as a surprise that the function
of genes depends on environment and therefore
on culture. Both cognitive and biological
psychology had for a long time excluded culture
as significant for human psychology. Today this
has changed. Human psychology cannot be
understood if cultural influence on mind, genes
and brain is omitted. In recent years cultural
psychology has studied the impact on
psychological phenomena (i.e., perception,
cognition, emotion, self-concept, motivation) of a
varied characteristics or constructs of culture
(i.e., individualism-collectivism, holistic-analytic).
A significant problem for an understanding of
human psychology is to clarify the mind/brain
relationship. Due to the complexity of the
phenomenon and the possibility of choosing
different perspectives makes it understandable
that there are disagreement and multiple
explanations of the same phenomenon [11].

Human beings develop ontogenetically from a
biological organism to cultural individuals. Our
genes and inborn qualities and instincts enable
an adaptive and developing human brain—a
cerebral structure that receives cultural impact
and develop and increases its capacity due to its
ability to change both structure and function.
Qualities are transformed, reshaped and new
patterns or configurations in the mind and brain
are created all the time. Old functions or
elements are still part of a human being, but they
have changed to another form, with another

meaning and signification during the ontogenetic
development. New concepts and activity develop
mind and consciousness and this psychological
activity also changes the brain by establishing
new connections between neurons [11]. The
brain adapts to the elaboration of the mind and
changes its structure and function to represent
the altering and developing mind. When the brain
establish new connections between neurons and
make a denser network of brain cells, this
changing of the brain’s structure and function
also makes it easier to create and acquire new
cultural facilities in the next round. The area of
the higher psychological functions in brain and
mind will develop and increase at the expense of
the lower, elementary, instinctive, non-volatile
functions established at an earlier stage of brain
development.

The ‘machine paradigm’ which has been a
dominating approach to the human brain cannot
explain this transformation and has therefore
been under attack in recent decades. The
comprehension of the human as a machine and
the brain as a computer excludes the possibility
for humans to take part in its own development,
and it therefore cast out of science any self-
determination approach [11].

To summarize: this article has three main aims:
(1) To provide theoretical ideas and insights that
are useful in illuminating the inter-functionality
between culture, mind and brain and the extent
to which a person’s brain function is determined
by genetic background (nature) or/and by culture
and experience (nurture). (2) To explain the
sociocultural emergence of the psychology of
individual human beings, especially the
transformation of participation in sociocultural
activity into psychological phenomena. (3) To
explain how the cultural mind and consciousness
is fastened in the brain structure and how the
growth (synaptogenesis) of the brain improves
the acquisition of other psychological tools and
increases the domain of the higher psychological
(mind) functions, superseding the lower
instinctive functions.

2. CULTURE AND CULTURE IN
PSYCHOLOGY

Everybody is born into specific, but dynamic
culture that cultivates (the Latin word for culture)
every human being. Culture is a term that has
been given many meanings. More than 50 years
ago Alfred Kloeber and Clyde Kluckhon
presented in their article Culture: A Ciritical
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Review of Concepts and Definitions 164
definitions [12]. In psychology culture is most
commonly applied as the term for the patterns of
knowledge, beliefs and behaviour, or the set of
shared attitudes, norms, values, goals and
practices that characterize a group. Children
acquire cultural norms and values in the same
way as they acquire language, through
interaction with older members of their cultural
group.

Mainstream psychology and neurosciences have
picked up on culture as a significant topic only in
the last decades [1,2,3]. The exception is the
cultural-historical psychology in Soviet in the
1920s and 30s [13,14,9,15] and some
neuropsychologists in the 1980s and 90s [16,17].
The cultural-historical tradition represented by
Vygotsky and Luria is however not often
mentioned by contemporary cultural
psychologists and it does not seem to exist in the
present cultural neuroscience. An aim with this
article is therefore to underline the relevance of
this approach for contemporary cultural
neuroscience; especially  for  theoretical
discussions and explanation of empirical results.

According to Geertz “there is no such thing as a
human nature independent of culture . . . We are
incomplete or unfinished animals who
complete or finish ourselves through culture” [18,
p. 49]. “Biological beings become human beings
through their engagement with the meanings and
practices of their social world” [19, p. 32].

2.1 Importance of Language

Language exists independent of the individuals in
a culture. Due to the “invention” of (written)
language no species can accumulate progress
across generations as smartly as humans. We
can pass our experiences and transmit
information and innovations across time and
place to the future generations in a unique way.
Acquired characteristics are in this way inherited,
not genetically but culturally.

Evolutionary biologists have for many years
discussed the reason why Homo sapiens
became a new species so different from its
animal ancestors. Most often they have looked
for anatomical or morphological characteristics,
for instance the size of the brain, the functional
benefits due to bipedalism, i.e. the ability to move
on two legs, or the hand with opposable thumb
able to seize [20]. The unique ability to use
language and symbolic systems were hardly

mentioned by biologists. Focusing intently on
biological changes they do not refer to cultures
as a cause of selection. Evolutionary biologists
did not analyze the relationship between
biological and cultural development [21].

With Homo sapiens and its substantial growth in
brain size more than 200,000 years ago, an
accelerated change began and humans
developed spoken language, rituals, arts and
ability to think. From a biological and anatomical
point of view however, we are in principal similar
to our ancestors 200,000 years ago. But in a
cultural and psychological sense there are such
big differences from our ancestors that it cannot
be explained by biological adaption [21]. To
explain radical changes in humans the
importance of language and other psychological
tools have been accepted as a major contribution
to human development. The Neanderthals, in
many ways similar to Homo sapiens from a
biological point of view, did not develop in the
same way. They missed the voice-tube and
could not develop a differentiated spoken
language. Even if the voice-tube had some
biological drawbacks, for instance increased
exposure to choking and less effective chewing
[22], it represented an enormous enhancement in
flexibility concerning production of sounds,
improvement in communication and in this way
represented the start of human beings with
higher psychological functions as we know them
today [21].

3. CULTURAL AND CROSS-CULTURAL
PSYCHOLOGY

Two decades ago, cultural psychology was re-
born by some landmark books [23,24,25,26]. To
the extent that sociocultural practices diverge, so
will psychological functions [24]. Since the 1990s
the burgeoning field of cultural psychology has
demonstrated the subtle differences in the way
individuals’ process information, think about
themselves and others, release emotions, etc.,
differences that appear to be a product of cultural
experiences leading to culturally acquired
psychological abilities. Contemporary cultural
psychology focuses primarily on how culture
creates mind or psychology (especially higher
psychological functions), not the brain or the
genes. Richard Shweder brought together
several strands of thought related to the interface
of culture and the mind and memorably observed
that “culture and the psyche make each other up”
[25]. Around the same time, the field also
witnessed some highly influential reviews of
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empirical evidence for cultural influences on
human psychology [26,27]. These reviews
demonstrated substantial cross-cultural variation
in psychological processes, thereby showcasing
the possibility that many psychological functions
might be linked systematically, and much more
closely than had ever before been imagined, to
certain aspects of socio-cultural contexts.
Examples of functions influenced or created by
the cultural context are perception, self-appraisal,
motivation, holistic or analytic information
processing, and emotion [27]. The cultural
dimension of individualism—collectivism has been
shown to affect a diversity of higher
psychological functions [27,28,29]. Individualism
refers to when individuals construe themselves
as separate from each other, whereas
collectivism refers to when individuals construe
themselves as highly interconnected, defined by
their relations and social context.

Another potent cultural construct is holistic vs.
analytic cognition, a dimension thought to
characterize differences in thinking styles
between Westerners and East Asians [30]. East
Asians and Westerners apply different
‘perceptual styles’ to the task of decoding visual
scenes. Westerners tend to focus on objects (in
an analytical, context-free manner), whereas
East Asians tend to focus more on contexts,
relationships, and backgrounds [31,32].

A fundamental way in which culture shapes
human behaviour is through self-appraisal, i.e.,
how people define themselves and their relation
to others [27,29,30]. People from different
cultures have divergent perceptions of the self.
Individuals from Western cultures tend to value
uniqueness and view the self as independent of
others, whereas individuals from South East
Asian cultures view the self as interconnected
and interdependent with others. There are,
however, huge individual differences [21], and in
most modern cultures self-perception is not as
dichotomized as was asserted for instance by
Hofstede [33]. Due to the influence from modern
individualistic cultures on traditional collectivistic
cultures there has been proposed a construct of
‘composite self’ [34], or “bicultural self” which
intricately integrates the traditional construct of
interdependence with the Western construct of
the independent and autonomous self [35].

The field of cultural psychology was according to
Kitayama and Park defined by the following three
guiding questions [3]:

(). How does culture influence the human
mind?

(ii). Is culture a crucial constitutive element of
the mind? If so, what are specific
mechanisms underlying this constitutive
process?

(iii). What theoretical framework do we need in
order to make visible progress in
answering these questions?

In subsequent years, cultural psychology and
cross-cultural psychology has provided insights
into the first two of these questions by
establishing a solid body of empirical knowledge.
In spite of the progress in empirical knowledge
about the impact of culture on most
psychological functions there is still a need to
develop a theoretical framework to explain the
relationship between mind and culture more in
detail and with theoretical intentions [36]. From
what is now recognized about the multi-
directional influence of genes, brain and mind,
the interconnection of mind and culture also has
to take into consideration the impact from human
biology, especially the genes and the brain.
Conclusive evidence for deep cultural impacts
not only on psychological functions (mind), but
on the very architecture of the brain is provided
by cultural neuroscience [37,38], see below.
Cultural-historical psychology contributes to an
explanation of how culture is internalized and
how the higher psychological functions are
created on a biological and genetic substratum.

4. FROM GENES TO EPIGENESIS

The genes has until recently been looked upon
as independent of the environment and culture.
They represented the stable and inborn qualities
in human beings, emphasized in contrast to the
environment. The genetic outfit has been used to

explain the inherited contribution to human
psychology and behavior, signifying and
expressing nature in the dichotomy versus
nurture.

Researchers have searched for a long time for
the genetic underpinnings of behaviour, mind or
psychological functions. The Human Genome
Project (HGP) was launched in 1990 and
completed in April 2003. The HGP gave us the
ability to read nature's complete genetic blueprint
for building a human being. The mapping of the
complete human genome created high
expectations with regard to the potential of such
research, for instance in psychology and
medicine. Also psychiatrists become optimistic
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and looked forward to reveal the genetic causes
of severe psychiatric disorders. In the 1990s
researchers in many countries hunted the
“schizophrenia gen”. But they become
disappointed. Today it is acknowledged that the
genetic contribution to cognition, emotions,
psychological functions and disorders are so
complex and context dependent that it can never
be isolated one or a few genes responsible for
disorders, behavior or higher psychological
functions. It continues to prove quite difficult to
identify genes for multifactorial traits (somatic or
psychological) because most genes have such
small effects and because their effects are often
contingent on environmental circumstances [39].
The genes are themselves belonging to open
systems endowed with remarkable plasticity to
be molded by external and experiential
influences as individuals behave and function
throughout life in their respective sociocultural
environments [40].

The genes also contribute of course to the
specific development of the brain and mind, but
they don’t do it independent of the environment
since the environment of the cell influences for
instance which of the genes are expressed to
affect cell characteristics. Also hormones and
growth factors influenced by the surroundings
turn some genes on and others off.In the field of
biogenetics research there has been a recent
shift from the traditional view of unidirectional
gene-protein information flow [41,42] to a
probabilistic-epigenetic framework emphasizing
bidirectional interactions among genes, neuronal
activities, behavior, and environment [43,44,45].

In recent years the inter-functionality between
genes and culture has received intensive
research effort [3]. A number of studies have
demonstrated how experience (which becomes
patterned by culture in human societies) ‘gets
under the skin’ during the developmental process
to influence genetic expressions, the brain as
well as behavior [3]. For instance has the
influence of the dopamine receptor D4 (DRD4)
gene and caregiver quality on temperament in
early childhood been studied [46]. The presence
of dopamine receptor was associated with
differences in the influence of parenting on
children's activity level, impulsivity, and high-
intensity pleasure.

Proponents of the new field of interpersonal
neurobiology [47,48] argue that the structure and
function of the developing brain are determined
by how experiences, especially within
interpersonal relationships, shape the genetically

programmed maturation of the nervous system.
Various genetic polymorphisms  unevenly
distributed across cultures seem to interact with
local ecological environments (e.g. population
density) and cultural practices like parenting to
yield variations in psychological functions and
brain pathways [46,49].

In contemporary genetics today intentional
behavior cannot be reduced to the deterministic
cause-and-effect level of a gene [50]. It is also
unlikely that several genes in interplay will be
able to “cause” complex behavior without input
from the environment (i.e., certain kinds of
experiences) and the higher psychological
functions. The genetic influence on a complex
phenomenon would have to be infinitely complex,
involving all the developmental, environmental,
social, and cultural influences that a human
being is exposed to. Rutter observed that First,
the genes may code for some polypeptide that is
indirectly relevant but yet not involved in the main
causal chain [51]. Second, not only are multiple
genes affecting proteins involved, but also there
are multiple genetic elements that influence the
operation of any single gene affecting protein.
Third, there are environmental influences on
gene expression — the key process that
determines the functional operation of genes.
Fourth, some genetic effects are contingent on
an interaction with specific environmental
influences so that any understanding of the
causal pathway must incorporate identification of
the mechanisms underlying that interplay. Fifth,
there will be influences operating on the pathway
to the behavior that involve thought processes
[51, p.174-175]. The higher psychological
functions acquired from culture are therefore
influencing how the genes “works”, express
themselves and affect body and mind (brain).
The bi-directional relationship between biology
and culture is therefore the principle to be
applied to understand and explain human
psychology. People are reflective beings and
volatile. Intentional acts resulting from people’s
life experiences and the higher psychological
functions including language and thinking, will, in
turn, influence the expressions of their genes. In
the words of Church: “Not just from day to day,
but from second to second, genetic cascades are
turned on or off by our experience” [52, p. 81].

4.1 Epigenetics and the Importance of
Culture

Epigenetics is defined as “the study of heritable
changes in gene expression that are not due to
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changes in DNA sequence” [53, p.395].
Epigenetics studies the sources of expression or
suppression of genes. In other words,
“Epigenetics studies the environment” [52, p.48].
Epigenetics analyses how experiences effect
genetic expression [54] and, according to
Francis, “Social interactions are a particularly
important source of gene regulation” [55, p.29].
Thus, much of what was presented above in
terms of the importance of the environment or
sociocultural context is epigenetics.

Although the concept of epigenetics was coined
already in 1957 [56], it has only recently begun to

appear in the psychological and medical
literature. It is claimed that the traditional
biomedical production of knowledge has

hindered insight in the medical significance of
peoples’ experiences and that epigenetics will
contribute to a holistic understanding of the
relationship between body, mind, and spirituality
[54]. In the words of Church: Yet our experiences
themselves are just part of the picture [52]. We
take facts and experiences and then assign
meaning to them. What meaning we assign,
mentally, emotionally, and spiritually, is often as
important to genetic activation as the facts
themselves. We are discovering that our genes
dance with our awareness. Thoughts and
feelings turn sets of genes on and off in complex
relationships. Science is discovering that while
we may have a fixed set of genes in our
chromosomes, which of those genes is active
has a great deal to do with our subjective
experiences, and how we process them [39]. And
the subjective experience, the meaning
ascription is due to the acquisition of the higher
psychological functions, especially the
interconnectivity of thought and language that
occur in the ontogenesis from 3-4years of age.
People’s experiences are thus biologically
relevant in that they actually affect the
expression of genes without altering the DNA.
Experiences always occur in a unique socio-
cultural context. Perhaps then, the “new” ideas
from epigenetic research will contribute to a
greater awareness of the crucial importance of
culture in all psychological research, including
biological research? This has already been seen
in culture neuroscience (see below).

This section hopefully makes clear that culture is
indeed crucial in psychological research,
including research from a biological perspective.
Reducing thinking, feeling, and behaviour to
genes and the human’s brain and disregarding
sociocultural contexts, will impede us from
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understanding central dimensions of ourselves
[57]. The words of Lewis-Fernandez and
Kleinman have to be remembered: “Psychiatry
can no more afford to be context-less than it can
afford to be mindless or brainless” [58, p.444].
The same indeed applies to psychology.

5. BRAIN AND BRAIN DEVELOPMENT

Nearly all of the billions of neurons of the mature
brain are produced throughout the fetal
development and under the control of regulatory
genes. The brain cells migrate to where they
belong in accord with the functions they will
ultimately serve [59]. Once the nerve cells are
formed and finish migrating, they extend axons
and dendrites and begin to form synaptic
connections, often over relatively long distances.
These connections allow nerve cells to
communicate. The synaptic network undergoes
its most dramatic development after birth, during
the first few years of life. At its peak, the cerebral
cortex creates an astonishing two million new
synapses every second! As a child develops, the
system of synapses become more complex, like
a tree with more branches. By two years of age,
a toddler's cerebral cortex contains well over a
hundred ftrillion synapses. The period of synaptic
exuberance varies in different parts of the
cerebral cortex: it begins earlier in primary
sensory regions, whereas the higher regions
involved in cognitive and emotional functions are
still rather primitive. Their development follows at
a more leisurely pace, maximizing the
opportunity for a baby's experience and
environment to shape the emerging mind. The
highest, most recently evolved part of the brain is
responsible for all of our conscious thoughts,
feelings, memories, and voluntary actions, what
we call higher psychological functions. They are
not determined by the genes during pregnancy,
but by environment and culture after birth. These
parts of the brain safeguarding the higher
psychological functions are therefore heavily
dependent on and influenced by the cultural
environment.

and

5.1 The Interaction of Genes

Environment

Genes and environment interact at every step of
brain development, playing different roles.
Generally speaking, genes are responsible for
the basic wiring plan, for forming all of the cells
(neurons) and general connections between
different brain regions, while experience or
cultural environment is responsible for fine-tuning
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those connections, helping each child adapt to
the particular environment to which he/she
belongs. For example, every human is born with
the potential to learn a language. The brain is
programmed to recognize human speech, to
discriminate  subtle  differences  between
individual speech sounds, to put words and
meaning together, and to pick up the
grammatical rules for ordering words in
sentences. However, the particular language
each child masters, the size of his vocabulary,
and the exact dialect and accent with which he
speaks are determined by the culture in which
the child is raised, that is, the thousands of hours
it has spent (beginning even before birth)
listening and speaking to others. Genetic
potential is necessary, but DNA alone cannot
teach a child to understand and use a specific
language.

5.2 Brain Plasticity — the Brains Ability to
Change

Two decades ago, medical professionals and
neuropsychologists working in the field of
neuroscience did not believe that the brain could
change or that its capacity could improve in such
a way as described above. The brain was looked
upon as anatomically hard-wired at birth.
Psychologists with other specialties than the
brain did not know and hardly believed that the
brain is capable of rewiring when influenced by
the environment, for instance through the
senses, or by using the language ability. Some
years ago mainstream psychologists became
uncertain and today there is lots of evidence
telling that the brain changes its capacity, its
structure and function, and that the brain actually
is reshaped continually by being used and filled
with cultural characteristics.

The brain never stops changing and adjusting,
and it is not legitimate any longer to regard the
brain as a fixed collection of wired-up neurons
like the hardware in a PC. The structure and
function of the “hardware” itself are changing
[60].This model explains the importance of social
and cultural influences since experiences are
internalized and stored both in mind and brain
[61]. Evidence for neuroplasticity abounds, - from
the structural differences which have been found
between people using different languages, to
jugglers, letter sorters and those navigating a taxi
in the twisting street of London, as described
below.

5.3 Neurons, Neurotransmitters and

Synapses

Communication between neurons is mediated by
chemical transmitters, neurotransmitters that are
released at specialized contacts, synapses.
Synapses are the connecting points between the
axon of one neuron and the dendrite of another.
All of the cognitive information through which
humans are able to reason, to think, to dream, to
plan, to remember, and to do everything else that
they do with their minds are transported
between neurons and processed in neurons. A
neural network is merely a group of connected
neurons. The "best estimates” indicate that there
are more than 100 billion and less than 200
billion neurons in the brain. And each of these
neurons is connected to between 5,000 and
200,000 other neurons [62].

5.3.1 Synaptogenesis

In response to a new experience or novel
information, neuroplasticity allows either an
alteration to the structure of existing connections
between neurons, or forms brand-new
connections between neurons; the latter leads to
an increase in overall synaptic density, a
synaptogenesis, whereas the former merely
makes existing pathways more efficient or
suitable. In either case, the brain is remolded to
take in new data. The new information or sensory
experience is cemented into what seems to be
the most useful and efficient location within the
massive neuro-communicating network. Short-
term exposure to an enriched environment leads
to a striking increase in new synapses [63]. After
birth environmental influence plays a key role in
forging a denser and more complex network of
interconnections. This is clearly evidenced by the
rapid increase in synaptic density that can be
seen in a normally developing human.

5.3.2 Neurogenesis

New research suggests that, beyond modifying
pathways and forming new connections between
existing neurons, the human brain also generate
entirely new brain cells in some parts of the brain
[36].While this neural regeneration was long
believed to be impossible after age three or four,
research now shows that new neurons can
develop late into the lifespan, even of age 70
and beyond. Adult hippocampal neurogenesis
declines however precipitously with age [64].
The neurogenesis happens in the olfactory
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bulb and in hippocampus
(http://www.thememoryworks.com/neuroplasticity

D).
5.3.3 Genes and the brain

The development of the brain is determined by
interaction of  genetic programs and
environmental events. Bartley, Jones &
Weinberger who examined quantitatively the
contribution of genes and environment
respectively to adult human brain hemisphere
volume and global cortical gyral patterns,
concluded that human cerebral size is
determined almost entirely by genetic factors and
that overall cortical gyral patterns, though
affected by genes, are determined primarily by
no genetic, i.e. environmental and cultural factors
[65].

6. CULTURAL NEUROSCIENCE (CN)

Cultural psychology and neuroscience have
evolved as separate disciplines, but a closer look
reveals that the two approaches are closely
interrelated. Culture has therefore in recent years
become a frontier for neuroscience and,
conversely, neuroscience has also become a
frontier for cultural psychology. The emerging
field of cultural neuroscience (CN) has sought to
combine theories and methods of the two
disciplines [10,2]. CN examines how cultural
values, practices and beliefs shape brain
function, develops brain structure, and affects the
neural architecture [66,67,32]. It represents a
novel empirical approach to the study of
bidirectional interactions between culture and
biology by integrating theory and methods from
cultural psychology [68], neuroscience
[67,10,69,2] and neurogenesis [70,71,72].

Above we have seen how cultural and cross-
cultural psychology has studied the differences in
psychology due to sociocultural differences, for
instance concerning individualism and
collectivism. Despite rich understanding of how
individualism and collectivism influence social
cognition and other higher psychological
functions, little was known ten years ago about
how these cultural qualities modulate neural
representation of psychological functions. Using
functional magnetic resonance imaging (fMRI)
and studying brain activity in different cultures
and during specific cultural activity it is now
evident that cultural qualities also are fastened in
the brain [1]. The collectivistic and individualistic
psychological biases also affect neural structure

[1,73,74]. People who endorse individualistic
cultural values show for instance greater medial
prefrontal cortex (MPFC) activation to general
self-descriptions, whereas people who endorse
collectivistic cultural values show greater MPFC
activation to  contextual self-descriptions.
Differences in cognitive processes related to
processing information holistically (East Asians)
or analytically (Westerners), and cultural
preference for social hierarchy, are also
accompanied by differences in brain structure
[75].

More generally, research investigating the neural
foundations of cultural phenomena has
discovered that sustained exposure to a set of
cultural experience and behavioral practices will
affect neural structure and function [74] and that
human culture is manifested in neural activation
patterns. Conclusive evidence for deep cultural
impacts not only on cognition and psychological
functions, but on the very architecture of the
brain is provided by CN [37,38]. “... The neural
activity in some brain areas strongly depends on
a person’s cultural background” [2, p. 652]. To
the extent that sociocultural practices diverge, so
will psychological functions [24,76], leading to
neural specialization of acquired abilities [77].

6.1 Recent Examples of CN Results

6.1.1 Perception

In a fMRI study [32], Chinese and American
participants judged various pictures of objects,
backgrounds, and their combinations. Consistent
with prior studies suggesting greater object-
focused processing among  Westerners,
American participants (compared with Chinese
participants) demonstrated stronger and more
distributed neural activations during object
processing. The neural substrates of human
perception might seem more or less universal.
However, recent research has revealed a set of
cultural differences in the neural mechanisms
subserving various perceptual domains, including
object processing, color discrimination, and taste
[6].

6.1.2 Different
brains

language create different

Also differences in language and orthography
can be seen in the brain. Fluent reading of
Western alphabetic languages, such as English,
requires relating visual forms to sounds, whereas
reading logographic languages, such as
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Chinese, whose characters do not have specific
phonetic analogues, relies more heavily on
associations between visual forms and meanings
[78]. These orthographic differences
demonstrably result in different neural structures
being important for reading different languages
[6]. The brain activity of native English speakers
is different from that of native Chinese speakers
[79]. The findings could be attributed to
exposures to different visual patterns owing to
the visuospatial nature of the Chinese language
and activation of language areas for English
speakers.

6.1.3 The self in the brain

One of the first social-cultural topics to be
explored in CN was how people represent the
self [79]. Across a wide range of studies,
including both Western [80] and Eastern [81]
participants, an area of the ventral
mPFC/anterior cingulate cortex (ACC) activates
more for thinking about the self, compared with
thinking about other people. However, given
cultural differences in self-other construal,
particularly differences in Western independent
views of the self as distinct from others and
Eastern interdependent views of the self as
fundamentally related to others [27], also emerge
at the level of the brain. To test this hypothesis,
Westerners and Chinese participated in a study
that included thinking about both the self and a
close other (one's mother) during fMRI scanning
[82]. Consistent with prior work, ventral mPFC
(and perigenual ACC) responded preferentially to
the self for all participants. However, thinking
about one's mother elicited preferential activation
in the ventral mPFC only for the Chinese
participants. This finding [82] supports previous
theoretical assertions that Easterners view close
others (and their relationships to those close
others) as part of the self, whereas Westerners
tend to conceive of the self as an independent
entity [27]. Representation of self shapes neural
activations, making a compelling case for cultural
values determining neural function [3,74].
Western individuals with an individualistic self-
perception have a different brain structure
compared with East Asian’s i with an
interdependent self [1,81,82,74].

6.1.4 How juggling and taxi driving changes
the brain’s structure

There is a wealth of evidence that motoric activity
and experiences sculpt brain and behaviour.
Recent work in cognitive neuroscience has

provided clear evidence that sustained
experience changes neural structures. London
taxi drivers who engage in sustained route
finding show more grey matter in the posterior
hippocampus, with the magnitude of the effect
increasing with experience, suggesting
experience is the causal mechanism [83].
Canadian postal workers spend thousands of
hours sorting postal codes by letters and
numbers jointly, and this experience changes the
categorical representation of these two symbolic
systems into a single more unitary system in the
brain [77]. Sustained practice in learning to
juggle increases the volume of cortical tissue in
the bilateral mid-temporal area and left posterior
intraparietal sulcus [84].

6.2 Some Methodological Considerations

CN, as well as cognitive, social and affective
neuroscience, has developed an arsenal of
techniques for mapping neural processes to
cultural activity and psychological processes
[9,85,67]. About fifteen years ago functional
magnetic resonance imaging (fMRI) studies were
published for the first time in order to investigate
the impact of culture on the brain [86]. Since then
the number of publications using this procedure
has increased tremendously. fMRI is a technique
for register brain activity in a particular place.
However, register the location and may be
intensity of brain activity does not reveal the
mind-brain interaction or the connection between
the external world and the inner psychological
world. The mind is seldom dealt with at all. It
should not be of any surprise that there is an
activity in the brain representing physical and
mental activity; for instance that babies’ brains
change when they learn their native language
[87]. The localization of brain activity does not
however, give much information about how the
acquisition of language takes place, or explains
the relationship between mind, brain and culture.
The mind-brain relationship has to be explained
in a theoretical manner, and in this article
Vygotsky’s cultural-historical psychology
presented in the next section provides some
suggestions for how acquiring of culture in mind
and brain can be explained and understood.

6.2.1 Localization of functions

Restak has referred to brain-imaging studies as
neo-phrenology [88]. Where the old
phrenologists measured peoples’ skulls the
brain-imaging people measure inside peoples’
skulls. Restak further maintains that the brain
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patterns involved in complex behavior involve
multiple circuits that are spread throughout wide
parts of the brain and that they vary from one
person to another. “That’s why it's so risky and
often just plain wrongheaded to attempt too rigid
a localization of complex and multi-determined
behaviors to specific locations within the brain”

[88,p. 203]. Those wunfamiliar with the
neurosciences tend to hold an oversimplified
idea of functional localization which is

promulgated by misrepresentations of scientific
work in the popular media [89]. Yet, the empirical
evidence is more consistent with the view that
psychological states and processes are mediated
by a network of distributed, often recursively
connected, interacting brain regions, with the
different areas making specific, often task-
modulated contributions [90,91]. If a single brain
area is found to be activated by a task, it does
not necessarily imply that this region is the seat
of the information process supposedly tapped by
the task; instead, it suggests only that this region
may be part of a widely distributed network jointly
responsible for the observed process.

Nevertheless, current CN provides evidence for
the assumption that the brain is altered by
learning and experience, organized by culture
and it articulates the multidirectional relationship
of the psychological, neural and genomic
processes and their emergent properties [67]. It
takes as its starting point what Keller has
formulated: “The important message is that
social interactions among humans shape neural
connections, i.e. the fine-tuning of the brain, as
well as the mental representation of experiences
and thus the psychological foundation of the
individual...these interactions occur at a variety
of neurophysiological and behavioral levels and
are domain specific’ [92, p.216].

7. LOWER AND HIGHER
PSYCHOLOGICAL FUNCTIONS IN
MIND AND BRAIN

The first part of this section presents the
development of higher psychological functions.
The presentation is inspired by Vygotsky's
cultural-historical psychology and his distinction
between lower and higher psychological
functions. The second part suggests how lower
and higher functions are represented and
established in the brain. The issue is based on
what is presented about genesis and epigenesis,
development of the brain, synaptogenesis and
cultural neuroscience earlier in the article.

7.1 Psychological Functions

The cultural-historical psychology was founded
by the Russian psychologist Lev Vygotsky in the
1920s. He and his Russian colleague Alexander
Luria criticized their fellow countryman Ivan
Pavlov for not studying the most important
subject in psychology: the human
consciousness. Pavlov’s work was, quite literally,
“thoughtless”. To reveal that animals could be
conditioned to learn through associations did not
expose the specific in humans: the capability to
think, to use language, to behave volitionally and
to adhere to cultural norms and values [93].
“Pavlov’s theory stopped short of the higher
forms of behaviour, the forms inherent in man the
personality, not just man the organism” [94, p.
216]. Although the term “reflexes” (conditioned
and unconditioned) applies to animals as well as
to human beings, the difference is that they are
sufficient to explain behavior for the former but
incomplete for the latter.

Vygotsky was particularly concerned with
developing an approach to psychology which
accounted for consciousness. In doing this he
distinguished between lower, elementary (or
natural) psychological functions, characteristic of
animals and young children, on the one hand,
and higher, or cultural psychological functions
[95,96], more characteristic of older children and
adults, on the other. The lower functions are
instinctive mechanisms, such as blind reactions
to stimuli, basic processes of sensation, memory,
attention, as we would see in all animals. They
do not involve any conscious awareness of
mental processes. To be a human, however,
means to reduce the automatic, instinctive
behaviour and become a conscious being, able
to decide, choose, and think with language as a
psychological tool. The higher psychological
functions are created by the individual in
cultural/social interaction and communication.
They are unique to every individual, depending
alike on genetic features, lower psychological
functions and socio-cultural experience.

According to cultural-historical psychology,
biological phenomena (genes, hormones, brain)
provide the framework for human psychological
phenomena rather than directly determining
them. This leaves psychological activity as
something to be built up from, rather than
reduced to biology. To be human means to have
surpassed a level of functioning biological traits
would otherwise dictate [97] The genetic or
instinctive driving forces are overruled by what is
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acquired during socialization in a particular
culture. The number of human activities under
biological control is greatly reduced in
comparison with (other) animals. Conscious
behaviour is only possible if the elementary lower
functions are set aside from their original
function. Biology has therefore lost it determining
function in human behaviour. To live in a human
constructed culture calls for socially constructed,
designed, voluntary, volatile behaviour. The
automatic, elementary functions have, however,
not disappeared but they have changed their
function and importance as they may mingle with
higher cultural functions. There is an inter-
functionality between the organic maturation
driven by biology and the cultural learning which
characterizes the emerging and development of
a child in a culture [93]. Human are created by a
culture that they have created, and their
psychological functions acquired in a culture
using symbols and signs (language). “Most basic
is the fact that man not only develops naturally;
he also construct himself’ [9, p. 65]. The human
mind is therefore socially mediated: “Every
function in the child’s cultural development
appears twice: first, on the social level, and later,
on the individual level; first, between people
(inter-psychological) and then inside the child
(intra psychological). This applies equally to
voluntary attention, to logical memory, and to the
formation of concepts. All higher functions
originate as actual relationships between
individuals” [76, p. 57].

But if human psychology is social and cultural
determined, does this mean that the individual is
reduced to an automaton that passively receives
social influences? Quite the contrary. The impact
from the environment is filtered through
individual, idiosyncratic stored experience in
mind and brain: «The child begins to see the
external world not simply with his eye as a
perceiving and conducting apparatus-the child
sees with all of his previous experience..." [15, p.
148]. Sociological reductionism ignores the
proper inner logic of the transformations which a
child’s inner life goes through with the change of
the “season of life” [94, p. 277].

7.2 Animals and Humans

Elementary natural functions operate in different
ways from cultural conscious functions. This is
why the former cannot govern the latter. They
cannot even serve as the basis of the latter.
“Higher psychological functions are not simply a
continuation of elementary functions and are not

their mechanical combination, but a qualitatively
new formation that develops according to
completely special laws and is subject to
completely different patterns” [98, s.34].

Biology changes its role in psychology from
animals to humans. It does determine animal
behavior in natural environments but changes to
a potentiating, energizing function with regard to
human psychology. The key to human’s
psychological functions is sociogenesis (the
transformation of socio-cultural relations, though
interiorization to the individual’'s psychological
functions). The young child is a pre-cultural
biological organism which becomes transformed
by cultural signs such as language, into a cultural
being and thereby acquires higher psychological
functions overruling the elementary functions
which directly impel behavior without any
conscious reflection [93]. “Natural processes, for
example, operate in hummingbirds to
automatically impel them to fly toward red
colored flowers; or they impel male dogs to
involuntary and mechanically mount and mate
with a female dog that emits a particular scent
during her fertile period. Hummingbirds and dogs
do not think about what they are doing, they
cannot control it, they cannot plan it or imagine it,
or remember (relive) it in specific details; they do
not appreciate the object of their behavior, as a
human male appreciates his sexual partner or
appreciates a beautiful sunset or painting. This is
why elementary natural processes cannot
determine psychology in the way that they
determine behavior of birds and dogs” [99].

Human’s mind is characterized by “doubling
experience”, meaning that human can
consciously represent (in mind) the goal of
his/her activity. In using this term, Vygotsky
referred to Marx:

But what distinguishes the worst architect from
the best of bees is this, that the architect raises
his structure in imagination before he erects it
in reality. At the end of every labor process we
get a result that already existed in an ideal
form, that is, in the imagination of the laborer at
its commencement [100, p.103].

The “doubling experience” is qualitatively
different from ordinary reflexive behaviour and
dependent on acquisition of language. The
mechanism of a reflexive reaction is triggered by
the stimulus of & word. Language is more than a
tool for thought. The word also has a volitional
function. Humans’ locomotive apparatus is
subordinate to it. The word and verbal language
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has power over the real actions of humans’
bodily structure and their psychological functions
[94]. “Because a verbal stimulus may be
reproduced, this is, become a response, and that
response may in turn become a stimulus, the
reflexes become reversible” [101]. Culture is
“responsible” for this human ability.

7.3 Mediation by Language

Higher functions involve some kind of mediating
processes between stimuli and reaction. While
this mediation may be as simple as tying a string
around one’s finger to help remember something,
it may be as complex as an entire linguistic or
symbolic system such as that of language or
mathematics to help in problem solving. Words
and language are the prototype of mediators.

Human biology and especially the brain,
developed through evolution made thinking and
language appropriation possible [93]. Nature
therefore predisposes us to learn and acquire
higher psychological functions using language as
a tool, whatever culture we are born into [102].
The greatest drama of ontological development
was played out in the very first words of a child —
this period illustrates and represents the conflict
between the natural and the socio-historical [94].
Language is not created by the subject. It exists
independently of it. The task with which the
subject is concerned is the use of a ready-made
sign system (not one she/he creates on his own)
in communication, cognition or action. Not only
is language acquired in a socio-cultural setting
but all manner of behavior and psychological
processes occur first in social situations. As soon
as speech or signs are involved in action, the
action is transformed and organized along
entirely new lines, in mind and in the brain.

7.4Lower and Higher
Functions in the Brain

Psychological

There are important differences in how the brain
represent and take care of the lower elementary,
instinctive functions, created early, during
pregnancy, - and the higher psychological
functions, for instance the language functions.
The latter ones are both as a mind function and
in the brain more complex, involving several
parts of the brain, activating more neurons and
creating more connections between neurons,
often far away in the brain.

Before birth the brain has not established the
network or pattern representing cultural activity,
especially not the network embodying the

language and volatile, consciousness capability.
Lower psychological functions are the natural,
instinctive functions not involving language, signs
or thought. These psychological functions are
structured in the neural network by the genes
during pregnancy, and nearly independent of
environmental, cultural influence. This mind state
is represented by temporary networks dependent
primarily on the genetic outfit. The only brain
structure which is developed to anything like its
mature form at birth is the lower brainstem. This
part of the brain controls the primitive reflexes
and vital functions such as respiration and the
cardiovascular function. The lower brain is
largely in control of a newborn's behavior: all of
that kicking, grasping, crying, sleeping, rooting,
and feeding are functions of the brain stem and
spinal cord. Even the striking visual behavior of
newborns, their ability to track a bold moving
object, like a red ball of string, or to orient to
Mom or Dad's face, is thought to be controlled by
visual circuits in the brain stem.

Immediately after birth, baby's higher brain
regions begin to make billions of connections
between neurons all over the brain. Stimulation
through the senses of touch, hearing, vision,
smell and taste, in addition to vestibular and
proprioceptive experience, directly influence the
neurons and is the origin of the new synaptic
connections. The higher psychological functions
are represented by complex brain structures,
networks established as a result of sociocultural
activity — particularly important is the acquisition
and development of language, words and
concepts in combination with thinking.

So what about genetic factors? The genes have,
at birth, laid down the mental roadmap neurons
must follow and built its major “highways”
between the basic areas of the brain [93].
Environmental and cultural influence plays the
key role in forging a denser and more complex
network of interconnections. The smaller
avenues and side roads makes the transfer of
information between neurons more efficient and
rich with situation-specific details. At birth, each
neuron has approximately 2,500 synapses or
connections. By the time we have reached 2-
3years of  age, sensory  stimulation,
environmental experience and language
acquisition have taken full advantage of the
brain’'s plasticity; each neuron now boasts
around15,000 synapses in average [103], and
the higher psychological functions are created by
the culture-driven synaptogenesis, not solely the
genes.
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Since the brain ‘natural’ or ‘biological’ structure is
changed due to cultural impact there is no clear
dividing line between the ‘natural’ and ‘cultural’.
Cultural differences are persistent because the
native culture is fastened in the brain. It becomes
‘second nature’ seemingly as ‘natural’ as the
instincts we were born with. The biologist T.C
Schneirla claims: "It is valid to speak of a ‘worm
nature’, an ‘ant nature’ or even a ‘bird nature' but
not of a ‘human nature’, for man can have
whatever nature the conditions of his rearing and
social situation permit" [104, p. 30-85]. We do not
distinguish our ‘second nature’ from our ‘original
nature’ since the brain, once rewired, develops a
new second nature, every bit as biological as the
original [61]. There is no hardwired ‘nature’ in the
brain that last a lifetime. The distinction between
nature and culture is not easy to draw on the
psychological level either, partly because the
cultural becomes natural in the brain’s structure.

In the process of the formation of the higher
psychological functions, the structure and brain
organization undergo transformations with a
simultaneous modification of their reliance upon
inborn biological mechanisms: |Initially, these
functions are determined by biological
mechanisms, but in a later phase, the higher
functions assume control over biological
mechanisms by integrating the lower ones into
their neural network.

7.5 How Language and Thought is Stored
and Influence Brain Structure

We have to separate two kinds of socio-cultural
impact and also two kinds of higher
psychological functions as well as brain activity.
The first kind is the same for animals and
humans, due to activity and sense experience in
a natural and socio-cultural environment. Both

mind and brain are influenced by the
environment, enabling broader ranges and
behavior influencing neurogenesis and

synaptogenesis. This happens for both animals
and humans. The other kind of socio-cultural
impact is linked to psychological tools, especially
to language and signs, and the human ability to
combine language and thought. Language
capacity and thinking involves more neurons in
different parts of the brain and new neural
connections and networks have to be
established.

The higher functions are fastened in the brain as
a result of synaptogenesis after birth. The growth
in brain structure and therefore development of

the brain function is due to cultural activity either
with, or without language and other cultural
signs, becoming psychological tools. The growth
of the brain (the synaptogenesis) improves the
acquisition of other psychological tools and
increases the domain of higher psychological
functions both in mind and in brain. When the
brain establish new connections between
neurons and make a denser network of brain
cells, this changing of the brains structure and
function also makes it easier to create and
acquire new cultural facilities in the next round.
The area of the higher psychological functions in
brain and mind will develop and increase at the
expense of the lower, elementary, instinctive,
non-volatile functions. Their synapses will be
pruned and substituted with more complex neural
networks, also including the former representing
the lower functions. Brand new constellations
emerge in the brain when neurons are connected
making a new functional structure representing
development in the mind.

According to Akhutina we must not view mind as
[consisting of] special processes which
supplementary exist on top of and alongside the
brain processes, somewhere above or between
them, but as the subjective expression of the
same processes, as a special side, a special
qualitative characteristic of the brain activity
[101]. The higher psychological functions using
cultural/psychological tools like language cannot
be developed without input from the -cultural
envionment and the brain  structures
representing these functions are therefore a
result of communicating activity in a cultural
setting, predominantly after birth (There are
some impact from language acquisition already
during pregnancy, but compared with what
happens after birth, at 2-3 years of age, this pre-
birth impact can be ignored).

When a child acquires the first language at 2-3
years of age the synaptogenesis is particularly
active or fluent. It is created up to 2 million
synapses every second in this period, and it is
assumed that many of the new connections
established between neurons  represent
language ability, the mediating system of the
mind and brain. The acquisition of language is in
the beginning a storing of words from the
vocabulary of the family members or other in
close connection to the child.
Afterword/subsequently the words are combined
with the ability to think and the brain structure is
adjusted to the new function of the
thinking/language combination. The child starts
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thinking by words and after a while also by
concepts and these psychological tools are used
for thinking. This development of the mind,
consciousness and  higher  psychological
functions takes place also in the brain by
developing new neural patterns.

The lower, instinctive or non-volatile functions
established by genes during pregnancy and only
to a minor degree created by
environmental/cultural influence (except for the
influence on the genes function, the epigenesis
during pregnancy) will also be changed when
mind and brain are developing the higher,
language- or sign-based functions. Their “pure”,
original fashion will be transformed by the
influence of the higher functions and both in mind
and in the brains structure they will cooperate
and be dominated by the fast growing higher
functions. Most of the new neural patterns of the
brain belong to the higher psychological
functions and the functions representing
language and sign are of particular interest for
human beings, since no other species have the
same ability to combine language and thinking.

7.6 Genetic and Cultural Evolution

Much behavioral diversity in human populations
cannot be accounted for by the genes.
Conventional evolutionary biology theory posits
that organisms adapt to their environment and
over time exhibit favorable traits or
characteristics that best enable them to survive
and reproduce in their given environment through
the process of natural selection [105]. The
concept of natural selection has been
enormously influential to the study of human
behaviour, particularly in evolutionary
psychology, which has emphasized that much of
human behaviour arises as a by-product of
adaptive mechanisms [106]. More recently,
culture-gene coevolution (see above) has
emerged as an influential theory to explain how
human behaviour is a product of two
complementary and interacting processes:
genetic and cultural evolution [107,108,109.
Jahoda also underline the co-construction by
biology and culture: “.., the former sharp
distinction between biology and culture is giving
way to the recognition of their interrelationship,
though exact nature as well as its significance for
development remains as yet controversial; and
so does the question as to the extent to which
aspects of development are pre-programmed”
[110]. The brain serves as a crucial site that
accumulates effects of cultural experience, and
neural connectivity is modified through sustained

engagement in cultural practices. Thus, culture is
"embrained" and human evolution become
dependent on culture more than nature [38].

Vygotsky also formulated this as a radically new
idea. He spoke on a new form of evolution with
reference to human beings only:

The whole question is what it is in the brain
that physiologically corresponds to thinking in
concepts. In order to explain its development
in the brain, it suffices to assume that the
brain contains the conditions and possibilities
for a combination of functions, a new
synthesis, new systems which do not at all
have to be structurally engraved beforehand
[111, p. 128].

If translated into modern concepts, that mean
that the evolution of animals implies a change in
hardware, that is, a material repository of
programs; the development of man implies
mostly a change in software, a flexible, easily
modified system of programs [101]. That
program is governed by the higher psychological
functions.

Vygotsky also postulated a new principle of
localization of functions in the human brain as
compared to the animal’s brain. It refers to the
specifically human brain areas (frontal and
parietal associative zones) and to the specifically
human types of activity, “higher forms of speech,
cognition, and action” [111, p. 174]. Vygotsky
emphasized that “extra cerebral links” play a
significant role in the process of formation of
these functions: “This history demonstrates that
initially all these functions operate in intimate
connection with external activity and only later
on, as it were, disappear inward and change into
inner activity” [111, p. 174). That statement of
Vygotsky about a social way of forming higher
psychological functions during one’s lifetime,
while being closely related to the principle of
localization, was acknowledged in
neuropsychology as a principle of social genesis
and a mediated structure of the higher
psychological functions [101].

7.7 Mind, Consciousness and Brain
Neuroplasticity

Brain plasticity and synaptogenesis verify that
the brain is not structurally determined, but
permanently changing, and it therefore contains
the conditions for developing word meanings and
concepts and that higher psychological function
are represented by complex systems of the
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entire brain, acquired during cultural activity and
communication.

Brain plasticity is relevant for an understanding of
consciousness as something not static. The
contents of consciousness are constantly
changing and developing through our
experiences and through our sharing of
experiences with others. In contemporary
consciousness studies the phenomenon of
neuroplasticity has however received little
attention despite the fact that neuroplasticity is of
still increased interest in neuroscience. Studies
of the development of consciousness should be
carried out in the future to enhance the
knowledge of how neuroplasticity have impact on
neuroplasticity and if consciousness is connected
to specific brain processes. It seems that the
ability of the neural structures to change may
have consequences also for the character and
content of consciousness and it has to be studied
in the future how development in brain structure
can literally change the way a person is
conscious, and how development  of
consciousness is supported by synaptogenesis
in the brain. To follow the development of the
cells and the establishing and pruning of
synapsis could give more detailed knowledge of
the processes. To study such phenomenon it is
important for the fMRI studies to move beyond
simply identifying brain regions that are
differently activated by a task and include
structural and functional connectivity mapping as
well as dynamic recording of neurogenesis and
synaptogenesis. To study empirically whether the
lower functions are pruned or outnumbered when
higher function synapsis are established would
also be an important task in future research as
well as clarifying what is actually cultural tools
and how language tools are different from other
cultural/psychological tools.

8. CONCLUSION

Culture is fastened in the mind and brain and
represented by the higher psychological
functions. They are unique to every individual,
depending alike on genetic features, lower
psychological functions and socio-cultural
experience and communication, embodied by
neurons all over the brain, connected with
synapses created after birth.

COMPETING INTERESTS

The author has declared that no competing
interests exist.

REFERENCES

1. Chiao JY, Harada T, Komeda H, Li Z,
Mano Y, Saito D, Parrish TB, Sadato N,
lidaka T. Neural basis of individualistic and
collectivistic views of self.Human Brain
Mapping. 2009;30:2813-2820.

2. Han S, Northoff G. Culture-sensitive
neural substrates of human cognition: a
transcultural  neuroimaging  approach.
Nature Review/Neuroscience. 2008;646-
654.

3. Kitayama S, Park J. Cultural neuroscience
of the self: understanding the social
grounding of the brain. SCAN. 2010;5:111-
129.

4. Losin EAR, Dapretto M, lacoboni M.
Culture and neuroscience: additive or
synergistic? Social Cognitive and Affective
Neuroscience. 2010;5(2-3):148-158.

5. Vogeley K, Roepstorff A. Contextualizing
Culture and Social Cognition. Trends in
Cognitive Science. 2009;13:511-516.

6. Ames DL, Fiske ST. Cultural neuroscience.
Asian Journal of Social Psychology.
2010;13(2):72-82.

7. Chomsky N. Aspects of the Theory of
Syntax. Cambridge, MA: MIT Press; 1965.

8. Mikhail J. Universal moral grammar:
Theory, evidence and the future. Trends in
Cognitive Science. 2007;11(4):143-152.

9. Vygotsky LS. Thought and Language.
Cambridge, Massachusetts: MIT Press;
1989.

10. Fiske ST. Cultural processes. In: GG
Berntson,JT Cacioppo (Eds), Handbook of
Neuroscience for the Behavioral Sciences.
New York: Wiley;2009:985-1001

11.  Kolstad A. From the machine paradigm to
brain plasticity and how culture overrules
biology in humans. Psychology. 2012;
3:691-697.

12. Kloeber A, Kluckhon C. Culture: A Critical
Review of Concepts and DefinitionsNew
York: Random House; 1952.

13. Luria AR. Cognitive Development Its
Cultural and Social Foundations.
Cambridge, Massachusetts & London,
Harvard University Press; 1976.

14. Vygotsky LS. The problem of the cultural
development of the child. Journal of
Genetic Psychology. 1929;36:415-434.

15. Vygotsky LS, Luria A. Studies on the
history of behavior. Ape, primitive, and
child. Hillsdale, NJ: Erlbaum; 1930/1993.

16. Ardila A, Ardila O, Bryden MP, Ostrosky F.
Effects of cultural background and

270



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

290.

30.

31.

Kolstad; BJESBS, 6(4): 255-274, 2015; Article no.BJESBS.2015.061

education on handedness.
Neuropsychologia. 1989;27:893-997.
Castro-Caldas A, Petersson KM, Reis A,
Stone-Elander S, Ingvar M. The illiterate
brain. Learning to read and write during
childhood influences the functional
organization of the adult brain.Brain.
1998;121:1053-1063.

Geertz C. The interpretation of cultures.
New York: Basic Books; 1973.

Markus HR, Hamedani MYG. Sociocultural
psychology: The dynamicinterdependence
among self systems and social systems. In
S. Kitayama, D. Cohen (Eds.) Handbook of
cultural psychology. New York: Guilford
Press. 2007:3-39.

Kolstad A. Time for Paradigmatic
Substitution in Psychology. What are the
Alternatives? Integrative Psychology and
Behavioral Science. 2010;44:58—-64.
deLima SG. Will adding halves make a
whole? Comments on Ratner’s “Activity as
a Key Concept for Cultural Psychology.”
Culture and Psychology. 1997;3(2):195-
210.

Lieberman P. The Evolution of Human
Speech lts Anatomical and Neural Bases.
Current Anthropology. 2006;48(1):39-66.
Bruner J. Acts of Meaning. Harvard
University Press; 1990.

Cole M.Cultural Psychology: A Once and
Future Discipline. New York, Cambridge
University Press; 1996.

Shweder RA. Cultural psychology: What is
it? In RA Shweder (Ed.) Thinking through
cultures: Expeditions in cultural
psychology. Cambridge, MA, Harvard
University Press. 1991;73-110.

Nisbett RE, Cohen D. Culture of honor.
Boulder, CO: Westview Press; 1996.
Markus HR, Kitayama S. Culture and the
self: Implications for cognition, emotion,
and motivation. Psychological Review.
1991,98(2):224-253.

Triandis HC. The self and social behavior
in differing cultural contexts. Psychol. Rev.
1989;96:269—-289.

Triandis HC. Individualism and
collectivism. Boulder, CO: Westview; 1995.
Nisbett RE, Peng K, Choi I, Norenzayan A.
Culture and systems of thought: Holistic
versus analytic cognition. Psychological
Review. 2001:291-310.

Nisbett RE, Miyamoto Y. The influence of
culture: holistic versus analytic perception.
Trends in Cognitive Sciences. 2005;9(10):
467-473.

271

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Gutchess AH, Welsh RC, Boduroglu A,
Park DC. Cultural differences in neural
function associated with object processing.
Cognitive, Affective & Behavioral
Neuroscience. 2006;6(2):102-109.
Hofstede G. Culture’s Consequences.
Beverly Hills, CA: Sage; 1980.

Lu L. Defining the self-other relation: The
emergence of a composite self. Indigenous
Psychological Research in  Chinese
Societies. 2003;20:139-207.

Kolstad, A. Collectivism, individualism and
pragmatism in China — implications for
perceptions of mental health. Transcultural
Psychiatry. 2014;51(2):266-287.

Kolstad A. Epistemology of Psychology — A
New Paradigm: The Dialectics of Culture
and Biology. Hauppauge NY: Nova
Science Publishers Inc; 2013.

Ambady N, Bharucha JJ. Culture and the
brain. Current Directions in Psychological
Science. 2009;18:342-345.

Kitayama S, Uskul AK. Culture, Mind, and
the Brain: Current Evidence and Future
Directions. Annual Review of Psychology.
2011;62:419-449 DOI: 10.1146/annurev-
psych-120709-145357.

Hjelmeland H. Suicide, research and
prevention: The importance of culture in
"biological times". In E Colucci, D Lester, H
Hjelmeland, PCB Park. Suicide and
culture:  understanding the context.
(SUIC.29). Hogrefe Publishing: US. 2013;
1:3-24.

Li S-C. Biocultural Orchestration of
Developmental Plasticity Across Levels:
The Interplay of Biology and Culture in
Shaping the Mind and Behavior Across the
Life Span. Psychological Bulletin. 2003;
129(2):171-194.

Crick FHC. On protein synthesis. In
Symposia of the Society for Experimental
Biology. Vol. 12 The biological replication

of macromolecules. Cambridge:
Cambridge University Press. 1958;138-
163.

Crick FHC. Central dogma of molecular
biology. Nature. 1970;227:561-563.
Gottlieb G. Experiential canalization of
behavioral development: theory.
Developmental Psychology. 1991;27:4-13.
Gottlieb G. Normally occurring
environmental and behavioral influences
on gene activity: from central dogma to
probabilistic  epigenesis. Psychological
Review. 1998;105:792-802.



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Kolstad; BJESBS, 6(4): 255-274, 2015; Article no.BJESBS.2015.061

Gottlieb G. Environmental and Behavioral
Influences on Gene Activity. Current
Directions in Psychological Science. 2000;
9(3):93-97.

Sheese BE, Voelker PM, Rothbart MK,
Posner MI. Parenting quality interacts with
genetic variation in dopamine receptor D4
to influence temperament in early
childhood. Development and
Psychopathology. 2007;19(4):1039-1046.
Schore AN. Affect regulation and the origin
of the self: The neurobiology of emotional
development. Hillsdale, NJ: Erlbaum;
1994.

Siegel DJ. The developing mind: Toward a
neurobiology of interpersonal experience.
NewYork: Guilford; 1999.

Chiao JY, Blizinsky KD. Culture-gene
coevolution of individualism-collectivism
and the serotonin transporter
gene.Proceedings of the Royal Society of
Biology. 2009;277:529-537.

Colbert TC. Blaming our genes: Why
mental illness can’t be inherited. Tustin,
CA:Kevco Publishing; 2001.
Rutter M. Genes and behavior:
nurture interplay  explained.
UK:Blackwell; 2006.

Church D. The genie in your genes.
Epigenetic medicine and the new biology
ofintention. Santa Rosa, CA: Energy
Psychology Press; 2009.

Eccleston A, DeWitt N, Gunter C, Marte B,

Nature-
Oxford,

Nath D. Nature Insight: Epigenetics.
Nature. 2007;447:396—440.

Getz L, Kirkengen AL, Ulvestad E.
Menneskets biologi — mettet med

erfaring.[Human biology — Saturated with
experience]. Tidsskrift for den norske
legeforening. 2011;131:683-687.

Francis RF. Epigenetics: The ultimate
mystery of inheritance. New York: W. W.
Norton & Company; 2011.

Autry AE, Monteggia LM. Epigenetics in
suicide and depression.  Biological
Psychiatry. 2009;66:812—813.

Brinkmann S. Mellem synapser og
samfund.  [Between synapses and
societies]. Aarhus, Denmark: Aarhus

Universitetsforlag; 2009.

Lewis-Fernandez R, Kleinman A. Cultural
psychiatry: Theoretical, clinical,
andresearch issues. Psychiatric Clinics of
North America. 1995;18:433—448.
Shonkoff JP, Phillips D. From Neurons to
Neighborhoods: The Science of Early

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

272

Childhood  Development.The  National
Academy Press; 2000.
Black |. Information in the Brain: A

Molecular Perspective. Cambridge, Mass.:
The MIT Press; 1991.

Doidge N.The brain that changes itself.
NY: Viking Penguin; 2007.

Stufflebeam R. Neuron, synapses, Action
Potentials, and Neurotransmission; 2012.
(22. September 2012)
Available:http:/www.mind.ilstu.edu/curricul
um/neurons_intr/neurons_intro.php/
Kempermann G. Why New Neurons?
Possible Functions for Adult Hippocampal
Neurogenesis. Society for Neuroscience;
2002.

Kempermann G, Kuhn HG, Gage FH.
More hippocampal neurons in adult mice
living in an enriched
environment.Nature.1997;386:493—495.
Bartley AJ, Jones DW, Weinberger DR.
Genetic variability of human brain size and

cortical gyral patterns. Brain. 1997;
120(2):257-269.

Chiao JY, Ambady N. Cultural
neuroscience: Parsing universality and

diversity across levels of analysis. In S
Kitayama, D Cohen (Eds.) Handbook of
Cultural Psychology. NY: Guilford Press;
2007:237-254.

Chiao JY, Hariri AR, Harada T, Mano Y,
Sadato N, Parrish TB, lidaka T. Theory
and methods in cultural neuroscience.
Social Cognitive and Affective
Neuroscience. 2010;5 (2-3):356-361.
Kitayama S, Cohen D. Handbook of
Cultural Psychology. New York: Guilford
Press; 2007.

Gazzaniga MS, Ivry RB, Mangun GR.
Cognitive Neuroscience: The biology of the
mind (2nd ed.). New York: WW Norton;
2002.

Canli T, Lesch KP. Long story short: The
serotonin transporter in emotion regulation
and social cognition. Nature Neuroscience.
2007;10(9):1103—-1109.

Green KN, Demuro A, Akbarim Y, Hitt BD,
Smith IF, Parker |, LaFerla FM. SERCA
pump activity is physiologically regulated
by presenilin and regulates amyloid beta
production. J Cell Biol. 2008;181:1107-
1116.

Hariri AR, Drabant EM, Weinberger DR.
Imaging genetics: perspectives from
studies of genetically driven variation in
serotonin  function and corticolimbic



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Kolstad; BJESBS, 6(4): 255-274, 2015; Article no.BJESBS.2015.061

affective processing. Biological Psychiatry.
2006;59(10):888-97.

Chiao JY, Zhang L, Harada T. Cultural
Neuroscience of Consciousness: From
Visual Perception to Self-Awareness.
Journal of Consciousness  Studies.
2008;15(10-11):58-69.

Park DC, Huang C-M. Culture Wires the

Brain: A Cognitive Neuroscience
Perspective. Perspectives on
Psychological Science. 2010;5(4):391—

400.

Cheon BK, Im D, Harada T, Kim J-S,
Mathur VA, Scimeca JM, Parrish TB, Park
HW, Chiao JY. Cultural influences on
neural basis of intergroup empathy.
Neuroimage. 2011; Apr 29: No Pagination
Specified.

Vygotsky LS. Mind in Society. The
Development of Higher Psychological
Processes. Cambridge, Harvard University
Press; 1978.

Polk TA, Stallcup M, Aguirre GK, Alsop
DC, D’Esposito M, Detre JA, Farah MJ.
Neural specialization for letter recognition.
Journal of Cognitive Neuroscience. 2002;
14:145-159.

Siok WT, Perfetti CA, Jin Z, Tan LH.
Biological abnormality of impaired reading
is constrained by culture. Nature. 2004;
431:71-76.

Tang Y, Zhang K, Chen S, Feng S, Ji Y. et
al. Arithmetic processing in the brain
shaped by cultures. Proceedings of the
National Academy of Sciences USA. 2006;
103:10775-80.

Kelley WM, Macrae CN, Wyland CL,
Caglar S, Inati S, Heatherton TF. Finding
the self? An event-related fMRI study.
Journal of Cognitive Neuroscience. 2002;
14(5):785-794.

Zhang L, Zhou T, Zhang J, Liu Z, Fan J,
Zhu Y. In search of the Chinese self: An
fMRI study. Science in China Series C: Life
Sciences. 2006;49(1):89-96.

Zhu Y, Zhang L, Fan J, Han S. Neural
basis of cultural influence on self-
representation. Neuroimage. 2007;34(3):
1310-1316.

Maguire EA, Gadian DG, Johnsrude IS,
Good CD, Ashburner J, Frackowiak RS et
al. Navigation-related structural change in
the hippocampi of taxi drivers. Proceedings
of the National Academy of Sciences,
USA, 2000;97:4398-4403.

Draganski B, Gaser C, Busch V, Schuierer
G, Bogdahn U, May A.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

273

Neuroplasticity: Changes in grey matter
induced by training.Nature. 2004;427:311-
312.

Heger DJ, Rees D. What does fMRI tell us
about neural activity? Nature Reviews
Neuroscience. 2002;3:142-151.

Phelps EA, O’Connor KJ, Cunningham
WA, Funayama ES, Gatenby S, Gore JC,
Banaji MR. Performance on indirect
measures of race evaluation predicts
amygdala activation. Journal of Cognitive
Neuroscience. 2000;12:729-738.

Neville HJ.Bavelier D, Corina D,
Rauschecker J, Karni A, Lalwani A, Braun
A, Clark V, Jezzard P, Turner R.Cerebral
organization for language in deaf and
hearing subjects: biological constraints and
effects of experience. Proc Natl Acad Sci
USA.1998;95:922-929.

Restak R. The naked brain: How the
emerging neurosociety is changing how we
live, work, and love. New York: Three
Rivers Press; 2006.

Huettel SA, Song AW, McCarthy G.
Functional Magnetic Resonance Imaging.
Sunderland, MA: Sinauer Associates;
2004.

Cacioppo JT, Berntson GG, Nusbaum HC.
Neuroimaging as a New Tool in the
Toolbox of Psychological Science.
Neuroimaging and Psychological Science.
2008;17(2):62-67.

Poeppel D, Monahan PJ. Speech
perception: Cognitive foundations and
cortical implementation. Current Directions
in Psychological Science. 2008;17:80-85.
Keller H. () Development as the interface
between  biology and culture: a
conceptualization of early ontogenetic
experiences. In H Keller, YH Poortinga, A
Schoélmerich (Eds.) Between culture and
biology. Perspectives on ontogenetic
development. Cambridge University Press;
2002:215-240.

Kolstad A. Inter-Functionality Between
Mind, Biology and Culture: Some
Epistemological Issues Concerning Human
Psychological Development. In M. L. Seidl-
de-Moura (Ed.) Human Development -
Different Perspectives.2012;2:19-41, In
Tech, ISBN 978-953-51-0610-4.
Yaroshevsky M. Lev Vygotsky. Moscow,
Progress Publisher; 1989.

van der Veer R, Valsiner J. Understanding
Vygotsky: A quest for synthesis.
Cambridge, England: Blackwell; 1991.



96.

97.

98.

99.

100.

101.

102.

103.

104.

Kolstad; BJESBS, 6(4): 255-274, 2015; Article no.BJESBS.2015.061

van der Veer R, Valsiner J. The Vygotsky
reader. Cambridge, England: Blackwell;
1994.

van der Veer R, van Uzendoorn MH. ()
Vygotsky's  theory of the higher
psychological processes: Some criticisms.
Human Development. 1985;28:1-9.
Vygotsky LS. The collected works of L.S.
Vygotsky (vol. 5). New York: Plenum;
1998.

Ratner C. Macro-Cultural Psychology. In J
Valsiner (Ed.) Oxford Handbook of Culture
and Psychology. Oxford University Press;
2011.

Marx K. Das Kapital, Kritik der Politischen
Okonomie. Verlag von Otto Meisner; 1867.
Akhutina TV, Vygotsky LS, Luria AR.
Foundations of Neuropsychology.Journal
of Russian and East European
Psychology. 2003;41(3/4):159-190.

Fiske AP, Kitayama S, Markus HR, Nisbett
RE. The cultural matrix of social
psychology. In DT Gilbert, ST Fiske, G
Lindzey (Eds.) Handbook of social
psychology. New York: McGraw-Hill;
1998:915-981.

Gopnic A, Meltzoff A, Kuhl P. The Scientist
in the Crib: What Early Learning Tells Us
About the Mind. New York: HarperCollins
Publishers; 1999.

Schneirla TC. Selected Writings of T.C.
Schneirla. San Francisco: Freeman Press;
1972.

105.

106.

107.

108.

109.

110.

111.

Darwin C.On the Origin of Species by
Means of Natural Selection, or the
Preservation of Favoured Races in the
Struggle for Life, 1st edn. London: John
Murray; 1859.

Barkow JH, Cosmides L, Tooby J. (Eds.)
The adapted mind: evolutionary
psychology and the generation of culture.
Oxford, UK: Oxford University Press; 1992.
Cavalli-Sforza L, Feldman M. Cultural
transmission and evolution: a quantitative
approach.  Princeton, NJ: Princeton
University Press; 1981.

Lumsden CJ, Wilson EO. Genes, mind and
culture: the coevolutionary process.
Cambridge, MA: Harvard University Press;
1981.

Boyd R, Richerson P J. Culture and the

evolutionary process. Chicago, IL: The
University of Chicago Press; 1985.
Jahoda G. Culture, biology and

development across history. In H Keller,
YH Poortinga, A Schdlmerich (Eds)
Between culture and biology. Perspectives
on ontogenetic development. Cambridge
University Press. 2002:13-29.

Vygotsky LS. Consciousness as a Problem
of the Psychology of Behavior. (Written in
1925) Collected Works. Springer US.
1982;1.

© 2015 Kolstad, This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=821&id=21&aid=7809

274



