Science and humanities during infancy
and adolescence
Innate philosophical reasoning and the scientific method are two ways in
which the human mind acquires knowledge. To take maximum
advantage of their ability to develop pluralistic and reflective human
minds, these capabilities should be nurtured from infancy to at least the
end of secondary school, when the neural networks in the adolescent
brain involved in key aspects of self-directing one’s life mature.
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Executive summary

Many of the world’s education systems focus on vocational specialization during secondary school. One of the principal
consequences of this is that students tend to be diverted, in an almost Cartesian manner, from humanistic activities or,
alternatively, from scientific activities.
For humans, learning from the surrounding environment is a biological instinct that can be culturally exploited. For
example, a toddler’s brain is wired to learn a language by imitation, trial and error, but the learning of one language or
another, or deciding to learn Chinese or Russian as a second language at secondary school, is cultural.
The main pressure acting on learning capacities and cognitive control is the need to adapt behavior to changing
environmental conditions and to anticipate the uncertainties associated with these changes, which involves reasoning
capacities and reflective human minds.
Innate philosophical reasoning processes and the use of the scientific method are basic ways to acquire knowledge from
early childhood, which indicates that they are an integral part of the human mind. However, as with all innate capacities,
to take maximum advantage of them through life these capabilities should be nurtured throughout scholarship.
Adolescence is a period of dramatic neural reorganization in the brain, affecting executive functions and social cognition
among other processes. The way the various neural circuits mature during adolescence depends, to a certain degree, on
individual experiences and how they are handled.
It can be hypothesized that a richer educational experience—e.g., schooling that synergistically integrates the humanities
and sciences through thought, reasoning, and emotions—may help generate more pluralistic and reflective human minds
and alumni who are better able to self-direct their lives. This hypothesis, and the testing of it, may guide future research in
educational neuroscience.

Science and humanities at secondary school: Cartesian dualism
One of the principal aims of higher education, both at universities and vocational institutions, is professional specialization. To
reach this goal, education systems in much of the world, especially at secondary school, tend to focus on the adaptive and
problem-solving aspects of learning, with a special emphasis on vocational specialization.1 One of the main consequences of
this educational policy is that either humanistic or scientific activities are sidelined at too young an age—usually in midadolescence, depending on the orientation of the studies the students choose (scientific, technical, humanistic or artistic).
This educational stage coincides with a period in which the brain is undergoing dramatic neural reorganization by means of
synaptogenesis, axonal sprouting, dendritic remodeling, and long-term potentiation2, which depend to a certain degree on
individual experiences and how they are handled, including learning through education. (These processes take place during
all other periods of development as well.) These facts call into question the expedience of sidelining either humanistic or
scientific activities at a time when providing students with as rich and varied a learning environment as possible will best
contribute to the maturation of their cognitive abilities, including their executive and social cognition functions.
This is not to deny the potential benefits of some degree of specialization at secondary school that favors students’
preferences and interests but to caution against an excessive sidelining of either type of activity at an age when executive
functions, including reasoning capacities, are maturing. Both humanistic and scientific activities can contribute to these
development processes through their complementary viewpoints and mental strategies (as will be discussed later).
The arguments most commonly used to justify this sidelining of certain activities for secondary-school students are that in a
complex world with a lot of different disciplines and professions, students need to start specializing before accessing higher
education, and, equally importantly, that humanistic activities such as philosophical reasoning, as well as the scientific
method, need a relatively high degree of specialization to be understood in depth and used properly.1 Philosophical
reasoning can be defined as reasoned argument derived from logical thought. Similarly, the scientific method is an empirical
method of acquiring knowledge through systematic observation, measurement, and experiment and through the formulation,
testing, and modification of hypotheses. In some respects, despite differences in formal academic features, both philosophical
reasoning and the scientific method use logical thinking. This may be a leverage point for educators, highlighting similarities
(grouping) rather than differences (splitting).

Another rationale according to which philosophical reasoning or the scientific method may be sidelined is that they are both
often seen, to some degree, as cultural constructs, for example, in constructivist epistemology (which has been widely
discussed).[3–7] According to this point of view, both philosophical reasoning and the scientific method may be learned only at
the appropriate age, that is, when the brain and the cognitive processes arising from its function become sufficiently mature.
This is usually considered to happen during adolescence (despite the fact that not all children develop along the exact same
timetable) and coincides with the dualistic sidelining of certain activities for students. That is not to say that constructivist
epistemology promotes this sidelining.
As we will see below, there is actually no “appropriate age” for learning in this sense. The cognitive skills involved in
philosophical reasoning and the scientific method have long developmental time courses; even infants have rudimentary
understandings of logic. In this regard, it is important to note that most current pedagogical methodologies take advantage
of that and nurture philosophical and scientific reasoning during infancy and primary school, but, as this brief is intended for
worldwide use, it is worth emphasizing this issue.
The following sections examine the existence from early childhood of innate philosophical reasoning processes and the innate
capacity to use the scientific method to acquire knowledge from the environment and to anticipate future situations. I will
also discuss the importance and significance of these innate behaviors in the context of education, with a special emphasis
on the putative consequences for brain maturation of sidelining either humanistic or scientific activities at too young an age,
in mid-adolescence, when the brain is being extensively rewired thus affecting behavior. Some of the ideas that will be
proposed and some of the issues that will be discussed in this brief are hypotheses arising from current knowledge, so that
this brief provides not only scientific data believed to be useful for educators and policymakers but also new ideas that may
help to guide future research in educational neuroscience.
The instinct for learning
For humans, as well as for other animal species such as birds and mammals, learning is a basic instinct.[8, 9] One of the main
differences between humans and most other species is that we are able to learn throughout our lifespan, and we have the
cognitive capacity to be aware of what we have learned and to use it according to previous planning,[8] making use of the socalled executive functions, especially through flexibility and the ability to adapt to changing environmental contingencies and
task demands.[10] Executive functions are a set of cognitive processes necessary for the cognitive control of behavior. They
include basic cognitive processes such as attentional control, cognitive inhibition, inhibitory control, working memory, and
cognitive flexibility, and they allow the selection and successful monitoring of behaviors that facilitate reasoning, problemsolving, and the attainment of chosen goals,[11] for example, learning other languages. Of course, another main difference
between humans and other species is that we have culturally established schools as institutions to further learning, and, unlike
other species, we count on people outside our family groups, i.e., teachers, to do the majority of the teaching of our young.
Throughout human evolution, the main selective pressure acting on learning capacities and cognitive control in the human
lineage is considered to have been the need to dynamically adapt behavior to changing environmental conditions and to
anticipate the uncertainties associated with these changes12 to protect ourselves from threats and take advantage of new
opportunities. This combination of general processes—both those deriving from the capacity for learning and those arising
from executive functions, which are intertwined—implies that philosophical reasoning and the scientific method are innate
activities for the human species, which uses them from early childhood.
This fact may conflict with the view of educational policy systems1 that both philosophical reasoning and the scientific
method have to be learned at the appropriate age, when the associated cognitive processes are sufficiently mature.
Although infants possess learning mechanisms that do not require hypothetical thought—for example, the tracking of
statistical regularities[13] (i.e., that random events exhibit regularity with enough repetition, or that enough sufficiently similar
random events exhibit regularity)—flexible and productive hypothesis-testing also begins in infancy. Toddlers can generate
hypotheses about uncertain future events,[14] flexibly adapting them to novel elements of a situation.[15], [16] For example, if they
have a bowl of sweets wrapped in pink or yellow wrappers, and each day Mum takes a pink one and Dad a yellow one, they
form the intuition that Mum definitely prefers the pink ones and Dad the yellow ones, thus anticipating future choices. There
are several studies offering convincing evidence that infants are also able to measure supporting evidence[17] and to test
alternative hypotheses when violations occur (for example, on the day that Mum takes a yellow sweet because the bowl has
run out of pink ones).[18, 19]
Philosophical reasoning and the use of the scientific method as innate activities during early childhood

It has been demonstrated that children naturally use the scientific method as a way of acquiring knowledge from the
environment with which to anticipate future situations.[20–23] And it has been shown that images induce smaller responses in
the primary visual cortex of the brain when they are predictable.[22] The primary visual cortex, located in the posterior pole of
the occipital lobe, specializes in processing information about static objects, as well as in pattern recognition. The fact that
the images induce smaller responses when they are predictable suggests that the brain does not just sit and wait for visual
signals to arrive. Instead, it actively tries to predict these signals, and, when it is correct, it is rewarded by being able to
respond more efficiently. If it is wrong, massive responses are required to find out why and to come up with better predictions.
According to some commentary on these experiments, from the scientific point of view[24] this result is strikingly similar to the
job of scientists because it involves formulating a hypothesis and testing whether this hypothesis is compatible with the
observations.
More specifically, the strongest evidence that children understand some of the formal principles underlying experimental
design comes from research looking at children’s causal reasoning. Studies suggest, for example, that preschoolers
understand patterns of covariation well enough to distinguish genuine causes from spurious associations. If two variables
together generate an effect but only one of them is able to generate the effect independently, children from 2 to 4 years old
conclude that the other variable is not a cause.[20] Moreover, preschooler toddlers can draw accurate inferences not only from
observed evidence but also from evidence they generate by chance in exploratory play. In this regard, children’s exploratory
play is affected by the ambiguity of the evidence they observe.[21] That is, given confounded or unconfounded evidence about
which of two variables controls which of two effects, preschoolers selectively explore confounded evidence.[25]
To cite another example, it has been shown that, given ambiguous evidence, children’s exploratory play is sensitive to both
selected and designed informative manipulations, which is typical of the scientific method.[23] In an experiment, children were
given basic information about candidate causes. Either four of four beads or two of four beads activated a toy when the
beads were placed, one at a time, on top of the toy. The children were then shown two pairs of beads that also activated the
toy. One of the bead pairs could easily be pulled apart into two individual beads, while the other pair was glued together.
Although in principle only one bead in each pair might be causally effective, children explored all possible situations by
themselves, pulling apart the pair that could be separated into two individual beads as well as holding the two beads that
were glued together in a vertical position so that only one of the two touched the toy, and then alternating to the other. This
suggests, to the extent that children acquire causal knowledge through exploration, they bridge the gap between scientific
inquiry and play by understanding the utility of isolating variables, as per the scientific method.
It has also been demonstrated that the brain naturally uses philosophical-reasoning tools such as disjunctive syllogism to
interpret and learn from the environment so as to anticipate future uncertainties.[26, 27] Disjunctive syllogism is a valid rule of
inference by which if we are told that at least one of two statements is true and also that it is not the first we can infer that it
is the second statement that is true. In other words, if we are told that either A or B is true and we cannot demonstrate which
is true, but we are able to demonstrate that, for example, A is false, then we necessarily infer that B is true.
This reasoning capacity was initially reported in toddlers using the “cups task”,[28] in which toddlers were shown two cups—one
empty and the other containing a reward. Investigators evaluated how often, when later shown the empty cup again, the
toddlers went directly to the cup containing the reward, which implied the use of inference based on disjunctive syllogism[26] to
anticipate an uncertain situation from previous learning. In this experiment, applied to children from 23 months to 5 years old,
two stickers were hidden inside two pairs of cups, with one sticker in one cup of each pair. One cup of one of the pairs was
then revealed to be empty. If children were reasoning using disjunctive syllogism, they could combine this information (not A of
pair 1) with their representation of where the sticker was hidden (A or B in pair 1) to conclude that the cup paired with the
empty one necessarily contained a sticker (therefore B), while the location of the other sticker (in one of the cups of pair 2) was
unsure. According to the conclusions drawn by the authors of this experiment, 3- to 5-year-olds used disjunctive syllogism
properly while toddlers younger than 2.5 years old did not.
However, other experiments with a simpler design show that preverbal infants may use precursors of logical reasoning in an
innate manner.[27] Infants aged between 12 and 19 months old were presented with ambiguous scenarios about the identity of
an object, which could be resolved through inference derived from disjunctive syllogism. Two puppets, differing in shape,
texture, color, and category but with identical top parts—for example, a dinosaur and a flower with the same plume-shape
structure at the top—enter a theater. An occluder hides them, and then a cup scoops one of them from behind it, with only
the top part visible. Thus, the infants cannot know the identity of the scooped object and may establish a disjunctive
representation. Then the occluder moves downward, revealing one whole object—for example, the dinosaur—so the infants
have evidence with which to disambiguate the identity of the scooped object by disjunctive syllogism. Lastly, the dinosaur

leaves the stage, and the cup reveals the second object: that is, the flower.
What is crucial in this experiment is that half the time the revealed object is consistent with the conclusion suggested by
logical inference (that is, the flower), but for the other half it is inconsistent, and the revealed object, which has been
manipulated by the investigators, is, surprisingly for participants, the dinosaur. Experimenters observed the eyes of the infants
in each of these phases. Both the 12-month-olds and 19-month-olds spent longer looking at the inconsistent outcome, and
their pupils dilated, suggesting that they may have derived the identity of the object in the cup through logical inference and
were surprised when this conclusion was violated. These oculomotor markers resembled those of adults inspecting similar
scenarios, suggesting that intuitive and stable logical structures involved in the interpretation of dynamic scenes may be part
of the fabric of the human mind. In other words, at least some philosophical-reasoning tools, such as disjunctive syllogism,
seem to be innate in our species from early childhood, implying the use of the scientific method to acquire knowledge from
the environment with the aim of anticipating future uncertainties.
Coming back to the scaffold of this brief, as the capacity to learn from the environment to anticipate future uncertainties is
maintained throughout life, and taking into account that adolescence is a period of extensive neuronal reorganization in the
brain when crucial cognitive processes such as executive functions mature, the relevant question here is why these innate (but
educationally augmentable) processes of philosophical reasoning and scientific method have to be sidelined at secondary
school, or to what extent they should be sidelined to favor a particular specialization. In other words, what might be the
consequences for the development and maturation of the brain if one of these two complementary ways of acquiring useful
knowledge is sidelined during adolescence?
Putative consequences of excessive dualistic sidelining of either humanistic or scientific activities for brain maturation: A
hypothesis
Adolescence is a period of dramatic neural reorganization in the brain. The maturation of various neural circuits during this
stage of development depends, to a large degree, on individual experiences and how they are handled, as has been
demonstrated (to cite a couple of examples) in relation to the digital era[29] or resilience modeling.[30] For example, one review
suggested that media use, as processed by the developing adolescent brain, may contribute to sensitivity to online rejection,
acceptance, peer influence and emotion-laden interactions in media environments.[29] As a result, it has been suggested that
peer sensitivities are possibly greater in adolescents than in older age groups. This is especially relevant, for example, when
considering the effect of peer influence that encourages adolescents to take more risks in the presence of their peers because
peers can likewise stimulate risk-taking through online comments. Further, it has been speculated[30] that the ongoing
development of social regions of the brain combined with a strong sensitivity to acceptance and rejection may make
adolescence particularly vulnerable to social media on their self-image and expectations of self and others. Furthermore, the
emerging trajectory of acceptance sensitivity, peer obedience and emotional precedence may make adolescents more
susceptible to sensationalist and fake news or unrealistic self-expectations and less adept at regulating emotions, including
resilience.[30]
Negative social experiences during adolescence have been reported as being key factors in several stress-related mental
illnesses.[31] It has been shown, using rats in experimental system modeling, that social play-fighting behavior during early
adolescence is essential for the final maturation of brain and behavior, and that manipulation of the rat adolescent social
experience alters many neurobehavioral measurements implicated in anxiety, depression and substance abuse. In humans,
social stress during adolescence also leads to the development of anxiety and depressive behavior as well as escalated drug
use in adulthood, altering stress-related neural circuits and the associated neurotransmitters (such as those of the
monoaminergic system).
Neural reorganization occurs through a process of neural plasticity, which, against a backdrop of physical and functional
structures, adapts the nervous system to environmental demands, physiological changes, or new experiences. These
structures depend on both genetic and epigenetic factors as well as on previous experiences. Plasticity during adolescence
entails an alteration of the connections between neurons through different mechanisms, including axonal sprouting, dendritic
remodeling, synaptogenesis, and long-term potentiation—all of which alter synaptic efficacy.[2] Social, emotional, and
cognitive experiences, including those afforded by learning at secondary school, may affect the structure and function of the
brain’s neural networks, subserving different domains of behavior. Although all of these processes occur throughout
childhood, during adolescence the networks related to social cognition and executive functions mature: reasoning capacity,
decision-making, attentional control, cognitive inhibition, inhibitory control, working memory, and cognitive flexibility, among
others, allowing the selection and successful monitoring of behaviors that facilitate the attainment of chosen goals and

directed problem-solving.
The educational policy mentioned above, which favors specialization, tends to sideline either humanistic or scientific activities
for adolescent students. Both of these activities are used in an innate manner from early childhood, and it could be suggested
that this may be detrimental to students’ ability to be critical and to solve problems more globally by integrating different
perspectives, approaches, and points of view. This includes scientific and technical factors, as well as humanistic ones such as
ethical and social considerations. This policy could affect the ability to self-direct one’s own life because it might limit the
person’s ability to predict and prevent problems, and it may also influence individual behavior by affecting the ongoing
construction of the brain[32–34] in a period in which this organ is being extensively rewired. This hypothesis remains to be
confirmed or dismissed, but it may serve to direct further research in educational neuroscience.
All learning, at every educational level, whether of concepts (regardless of whether these are humanistic, scientific or
technological), skills (procedural learning), or attitudes (inclusiveness, respect, critical and reflective assessment of situations,
dialogue-seeking to resolve conflicts, empowerment of one’s own life history, etc.) is stored in the brain as memory in the form
of patterns of neural connections. Learning fuels the brain, and this conditions a person’s self-image as well as their view of
their environment and how they relate to it.[35] An education that synergistically and harmoniously integrates the humanities
and sciences through thought, reasoning, and emotions may contribute to generating more pluralist and reflective human
minds. To put it bluntly, secondary-level education that integrates humanistic, artistic, scientific, and technological knowledge
in a dynamic way—by using their epistemological particularities to address different issues from all possible angles—may
help forge the next generation of adults to have a greater mental capacity to integrate, value, and reflect on any situation,
professionally and personally.[1] A possible outcome would be individuals who have a greater capacity to contemplate and
appreciate situations by themselves, based on the information around them, who become involved in the search for solutions
(like those, for example, made explicit in the UN Sustainable Development Goals) and who commit to making those solutions
happen, both individually and collectively.[36]
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