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ABSTRACT 
 

That we intuitively feel a need to teach children what we consider the rudiments of education, 

approximately as soon as they are socially adept enough to attend school is not unjustified (eg. the “core 

curriculum standards” adopted by US public schools).  However, there is a deeper technical issue to be 

considered, one that proves remarkably simple.  Though the role of the hippocampus, within the larger 

function of the brain, is hardly well understood, there is ample evidence of its role in a particular aspect of 

memory, namely metacognition, or “knowing about knowing.”  More neurologically informed 

consideration for the distinct memory systems that contribute to cognition revels that these rudiments may 

be entirely artificial and based on “adult-centric” conceptual frames.  Moreover, given that the 

hippocampus is only fully formed by early adulthood, this would indicate that our educational itinerary 

may easily be fundamentally flawed, and at least warrants radical reconsideration. 
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1. INTRODUCTION 
 

It is impressive that that the documentation and subsequent theorization of human developmental 

stages by Jean Piaget are extremely consistent with neurological studies primarily only available 

to us decades later.  Piaget’s insights are certainly very familiar in the field of education, but are 

often misrepresented or absent in discussions regarding the web.  Because web technology 

generally wields far more influence than child development for scientists of other disciplines, 

such as computers and even philosophy, the topic easily becomes convoluted as it is passed from 

various experts to laymen.  Ordinarily, a lack of understanding might be easily overlooked.  

However, it so happens that the Piagetian model also has relevance, well beyond child 

psychology, to the study of nonhuman minds (ethology) and cognitive science.  Understanding 

the broader significance can be thwarted by a certain academic xenophobia.  Nonetheless, 

addressing a neurological mechanism for a greater understanding of effective learning requires us 

to delve into a wider range of topics.  

 

2. CONSTRUCTIVISM
1
 

 

In particular, we initially need to address the most influential of Jean Piaget’s theories, better 

known as Constructivism, which he had originally called Genetic Epistemology.  Constructivism 

                                                
1. I will assume most readers will be rather familiar with Piaget and his influential Constructivist theories, as well as 

Constructivist practices in the classroom.  We merely discuss aspects here that pertain directly to the current thesis. 

However, for interested readers more comprehensive introductions regarding education and (mostly primate) cognition 

respectively are offered in … 

 

* Catherine Twomey Fosnot, (Ed.) (2005) Constructivism: Theory, Perspectives, and Practice. New York, NY: 

Teachers College, Columbia University 

* Langer, Jonas and Killen, Melanie (Eds.) (1988) Piaget, Evolution and Development. Georgia State University and 

Mahwah, NJ: Lawrence Erlbaum and Assoc. 
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can be viewed from two distinct perspectives.  In a philosophical sense, epistemology refers to 

the nature of ideas, and how they might occur in the mind.   Constructivism offers a plausible 

explanation about what ideas actually are, that stands as an alternative to Platonism.  Platonism is 

deeply rooted in the sciences, that ideas do not obey any physical law, but do exist beyond the 

mind in a perfect abstracted form.  These ideas are somehow acquired by the mind, and in doing 

so are subject to degrees of corruption.  No physical explanation is given as to how this might 

take place, though it is common to scoff at René Descartes’ suggestion, in the primitive days of 

neurology, that this is accomplished by the pineal gland.  However, without an alternative 

suggestion, Platonism remains entirely a matter of faith, even for scientists who adamantly object 

faith play any part in scientific evidence. 

 

2.1. TWO WAYS TO CONSIDER CONSTRUCTIVISM 
 

In the Constructivist scheme, essentially no idea need exist in the a priori universe, that ideas are 

the net result of ongoing construction within the mind only.  A ramification may prove 

illustrative.  A traditional orthodox notion is that there exists an entity that is perfect English, with 

a perfect grammar, and comprehensive list of all vocabulary therein, where slang might be 

compared to and rejected on the basis that it is not included in this ideal list.  Now imagine that 

100 minds store 100 slightly imperfect copies of this entity, in order to implement it for the sake 

of communication.  Constructivism states that there is no entity English, that there are only 

configurations within individual minds that result in English being manifested.  There exist at 

least the number of cognitive/motor strategies with the result of English as individual minds.  The 

desire to communicate encourages each individual to coordinate these results with other 

individuals.  The fact that there are an enormous number of encounters during which individuals 

wish to communicate, ensures that their linguistic strategies will be similar. 

 

We now zoom in our focus to address a more practical issue for the classroom, where 

Constructivism is a style of teaching.  It is an alternative to traditional dictation.  While 

developing minds can be told facts to recall, and required to regurgitate them accurately, it has 

become apparent that this does not indicate that the child understands the facts, nor can generalize 

them to other contexts.  In Constructivism, rather than tell students the correct answer and ask for 

it to be repeated back, the teacher presents the problem, leaving it to the student(s) to solve.  

Obviously, one cannot expect students to spontaneously guess the optimal solution on the first 

attempt.  The teacher’s role is then to further break down the problem, such that the children 

recognize the insufficiency of this first solution, and thus must work out a more formidable one.  

While this process is justifiably criticized as being slow and tedious, the dictatorial alternative 

may be executed more swiftly, but with hugely disappointing results. 

 

These two scales of Constructivism, the macro view of the epistemological philosophy and micro 

view classroom practice, are complimentary.  In their separate terms, each scale describes a 

mechanism, by which the brain builds ideas internally resulting in what we call learning.  A 

specific area of the brain that is integral to learning is the hippocampus.  There are two 

descriptions of its function, generally the version discussed in (human) neurology and the version 

discussed in nonhuman animal behaviour.  Considering these aspects together reveals that these 

are descriptions of learning differing primarily in semantics.  The integration between episodic 

memory and conditioning can be understood as a strengthening coordination of mapping. 

 

2.2. PRUNING AND EXUBERANCE 
 

There is a fairly consistent schedule of exuberance/pruning in the brain [1,2] during childhood.  

We are born with potential neural networks for a wide variety of un-honed skills, called 

exuberance.  By two weeks the vast majority of unused, un-strengthened paths are abandoned.  
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Less extensive pruning occurs again around age two, then around age six, to lesser degrees, at 

longer intervals, throughout life.  It remains speculative that we can do much to radically alter this 

schedule, though we do affect the process via continual encounters with novel experience.  A 

famous example of this process, mentioned above, occurs when newborn babies, un-exposed to 

languages other than Japanese, are then unable to distinguish |r| sounds in adulthood [3,4]. 

 

 
 

Figure 1: An approximate illustration of pruning and exuberance, showing how unused connections 

between neurons are lost drastically beginning after about two weeks. 

 

We might also set our crucial learning deadlines according to Piagetian stages [5-7], which 

happen to be estimated during those same years, from about two to seven.  Either way, there is 

likely a time period where the specific lessons learned by a child are not remotely as important as 

is the process by which the child learns to form concepts for themselves.  Memorization of say 

multiplication tables are easily forgotten and often only understood insofar as they can be 

correctly – according to a teacher – regurgitated on tests.  But, for instance, a child may discover 

a more fundamental notion in determining how much tea to make for all of the dolls to get a full 

cup. 

 

Contrary to the idealization and oversimplification of the IC model for development, there is no 

universal way to learn.  Each child merely follows interests to perform activities.  Hopefully, the 

larger application of one of these games is understood.  “Ah, the math problem 'three times six 

equals eighteen' is like if you had 6 dolls with 3 cups!”  Obviously, this example is far too simple, 

and more accurately, realizations would build very gradually from much smaller steps.  However, 

these steps do not always take the form of complete sentences or predication, and absolutely must 

be taken in the child's own terms, exploiting the strengths and weaknesses, of that child's 

idiosyncratic learning styles/intelligences [8]. 

 

Nonetheless, it is entirely sensible that one would want to take advantage of the child’s ability to 

“absorb” factual information [9], particularly because this ability is so astounding the younger 

children are.  What is oversimplified though is the nature of the facts learned.  The difference 

seems to hinge on episodic (remembered scenes) versus semantic (recalled facts) memory 

systems.  For instance, a neonate might learn to fine-tune sensorial detecting processes (eg. 

French babies who learn to hear vowels, and Japanese babies who do not learn to hear |r|).  

However, a skill such as learning the violin or exposure to Mozart, is not generalizable, and does 

not result in a “smarter” baby, just one with an unusual skill/familiarity [10,11], possibly at the 

cost of redirecting important resources away from other, more crucial development [12]. 
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3. PROPOSED FUNCTIONS OF THE HIPPOCAMPUS 
 

Though we are not yet certain about the role of the hippocampus in cognition, experimentation 

has yielded some indications.  One thing is clear is that the hippocampus is involved in memory 

formation.  However, lesion studies indicate these subsections (there are two) of neuroanatomy 

are not entirely crucial in the ways we might expect.  For instance, mice can be trained by 

ordinary Pavlovian conditioning to press a lever to prevent a shock.  The emotional trigger that 

encourages the animals’ response has long been attributed to the amygdala, though not the 

association itself.  Ordinarily, greater shocks induce more fervent lever pressing.  Removal of a 

specific section of the amygdala does not appear to effect learning itself, but can diminish the 

enthusiasm with which the mice respond to varying conditioned stimuli [13]. 

 

Nonetheless, there may indeed be an unintuitive commonality between oft-noted hippocampal 

abilities, namely memory, navigation, spatial ability, numerosity (a sense of quantity).  

Specifically, these can all be thought of as increases in precision.  A philosophical question to 

consider for the sake of this discussion, though it need not be answered conclusively, is whether 

the hippocampus offers a means to tighten focus on aspects of experience, or if reality is 

amorphous and vague, but humans project ‘metrics’ onto chaotic stimuli for the sake of cognition.  

In either case, we might imagine a scene filtered by varying degrees by this effect, leading us to 

consider the experience of the developing mind. 

 

A conspicuous feature of planning is that it requires the processing of stimuli, which are not 

currently present.  Planning is thus critically dependant on memory.  While imagination can 

construct representations of events that have not, and may never, transpire, memories provide the 

raw material for these constructions.  Many researchers have emphasized the importance of 

memory, and the neural substrates for memory in planning … Indeed memory of the past exists 

to promote successful behavior in the present… 

 

While the inaccessible memories sufficient to support skills, like those needed for food 

processing or prey capture certainly prepare animals for behavioral needs, such memories 

probably cannot enter into planning as we normally think of it.  Accessible memories appear to 

be subject to manipulation in flexible ways not evident with inaccessible memories… Such 

flexibility and manipulability would support the mental exploration of options to permit effective 

planning.  [14] 

 

      
 

Figures 2a-d. Four stages of kindergarteners’ drawings observed by art teacher Meg Arthurs.  (a) Marks on 

the page document gestural (and not visual or spatial) interpretations of haphazardly integrated concepts. 

(b) Shapes and designs replace gestures.  (d) Shapes arranged as symbols, not yet according to visual 

stimuli. However, as in this example, the child does not have a holistic, adult concept of a person, but 

fragmented impressions. (d) The child begins to recognize a correspondence between the arrangement of 

symbols and visual (if only imagined) stimuli.  The child begins to focus on holism of parts, but is not yet 

able to integrate the overwhelming number of details. 

 

3.1. NAVIGATION AND SPATIAL ABILITIES 
 

Many species of birds have been found to have far better numeric abilities in certain respects than 

most mammals, for instance in hiding and recalling the location of hundreds of caches of food 
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over years [15].  But only humans count.  Only humans put precise descriptions onto larger or 

smaller amounts.  Human babies and nonhuman animals detect changes in quantity, distances, 

etc. [16] but only we adults put an exact number on things.  This has fairly profound implications, 

especially for social coordination.  Though the role of the hippocampus is still not well 

understood, it appears that numeric abilities, development in a comparable region corresponds to 

the advanced abilities found in birds, as well as differences roughly between sexes found in 

human hippocampi, occurs independently of precision elsewhere [17-20]. 

 

As the hippocampus is also thought to coordinate memory systems, undergoing significant 

development from birth to adolescence, tends to explain the stereotypical lack of concept 

integration observed in childhood.  It is more accurate to say that a feature of neurons is memory, 

rather “Memory is a feature of neurons rather than a function of brain systems.“ [21], but this 

There are different storage/memory schemes for experiences whether implicit (hippocampal) or 

semantic/episodic (regulated by the amygdala) [22].  While the latter scheme of storing 

memories-as-things (possibly ionic charges) of by rote memorized facts and names for things is 

enticingly intuitive, it is not so clear how the former scheme would store memories emotions, 

procedures and conceptualizations.  This highlights a need for the brain to have a means by which 

dynamic concepts might be treated as static objects.  Mediation provides this bridge. 

 

Though we might argue that the ability to contextualize information, even symbolically, allowing 

for prediction, which increases fitness [12,20], it is not evident how envisioning a holistic world 

with a degree of detail would be essential to prediction of some isolated event, which could easily 

be conceptualized/detected independently [23].  A crucial distinction need be made between 

volition and execution, for instance in attributing “intelligence” to entities that appear animated.  

Computers manage the assembly of computers.  But recursion is hardly sufficient.  What is 

intelligent is that the execution is not an end, but a means concocted, with no explicit connection 

provided between the goal and the strategy.  In this scenario, there is no reason to believe the 

computers coming off the assembly line are intelligent.  The computer/manager is only routinely 

obeying code.  Only the human who designed this system as a solution to a personal need shows 

actual intelligence.  The managing machine cannot be said to have needs.  But the attribution of 

personality traits to the inanimate computer/manager often fools not only those in search of 

evidence of artificial intelligence, but many of us who merely engage in tool-use during play. 

 

3.2. NUMEROSITY 
 

Particularly when considering the effects perception has on our interpretations of number 

[16,24,25], we are forced to consider the question: What aspect of our experience can we 

objectively determine is not yet another quale?  Of particular relevance to our discussion, 

estimation is not a less accurate version of precise counting, but that subtizing is a quale that is 

often performed in tandem to the cognitive activity counting, Kadosh and colleagues findings 

speculate that this provides an explanation regarding competing perceptive cues in the Stroop 

effect [26].  Ordinarily, this effect is observed in slower response times when subjects identify 

words, such as “red,” that are presented in say blue letters.  The experiment suggests that a 

momentary hesitation is caused by a cognitive strategy for automatically resolving, though not 

always accurately, conflicts between two perceptive systems.  Just as the automatic apprehension 

of colour can be over-ridden but not suppressed, so too an estimation quale is likely involuntary, 

but can be upstaged by another conscious intentional process.  This appears consistent with. 

Is brain-and-mind based mathematics all that mathematics is?  Or is there, as Platonists have 

suggested, a disembodied mathematics transcending all bodies and minds and structuring the 

universe – this universe and every possible universe? …  The question of the existence of a 

Platonic mathematics cannot be address scientifically.  At best, it can only be a matter of faith, 

much like faith in God.  That is, Platonic mathematics, like God, cannot in itself be perceived or 

comprehended via the human body, , and mind... The only mathematics that human beings know 
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or can know is, therefore, mind-based mathematics, limited and structured by human brains and 

minds.  [27] 

 

What is actually meant when we ask whether an organism understands number [28-30]?  This 

single word “number” is used to refer to distinct cognitive skills.  What we are questioning here is 

that there is no actual non-subjective evidence that these integers are not simply a subjective 

description like that of colour, which exists only in the imagination, triggered by hardly-

understood anatomical mechanisms.  Though we do not absolutely discount the possibility of 

counting numbers, we also do not see any hard evidence of them ‘out there’ beyond species-

specific perception.  We mentioned previously the ability to re-perceive multiple quantities as 

groups, as in subtizing [31,32].  Though it would be difficult to verify experimentally, consistent 

evidence occurs indicating that humans can increase this limit with years of extensive training in 

specific domains.  Adults at the supermarket surely do not count every other customers’ items 

precisely to determine which register line will move the fastest. 

 

The qualitative shift in effortful attention [33,34] between subtizing and counting also indicates 

that this reflex applies more broadly to amounts than merely numbers.  For example, we can 

consider the gradual learning progression in Western music from a non-musician primarily 

oblivious to the chords heard, the novice musician painstakingly determining such chord spelling 

with mixed success, and the master musician with years of experience who, upon hearing the 

pitches, apprehends the harmonic structure, with near-perfect accuracy and no intentional effort.  

Other animals demonstrate varying abilities here [35].  For instance, pigeons show a remarkable 

ability to recognize quantities, though most mammals do not [36].  As adults, developed from 

infants, we do not replace our ability to estimate, but it appears that we sometimes enhance it. 

In contrast, we also have an ability, that tends to require a bit of effortful attention, to use precise 

counting, which is generally only reliably testable in language-using subjects.  Delving more 

deeply into why this should be so, involves thinking about the way brains construct 

conceptualizations from linguistic cues, termed conceptual metaphor [37-40], which differs 

radically from language determining how we think about things, such as numbers.  Learning does 

take place without language, for instance to ride a bicycle.  But often learning can be aided by 

utilizing concepts we already understand, in ways that that happen to recognize by their verbal 

role, namely embodied metaphor. 

 

Integration of learning/interpretation schemata requires a robust hippocampus.  Finger-counting is 

an example of children developing personal, embodied method of understanding numerosity (a 

closely related notion is described by Stanislas Dahaene as a “number sense”) [24,41].  In 

presenting novel stimuli to be comprehended, it would be fool-hearty to try to restrict the way the 

child from constructing a highly customized means to understand the stimuli presented.   And yet 

teachers often do prohibit finger counting in the classroom, as if one might skip this step to reach 

generalization of numerosity.  Anna Sfard describes a related conceptualization puzzle [42,43].  

Children, who may be remarkable adept at transactions as cashiers in real-life markets, may have 

no idea how to perform the same calculations in class [44].  There is much speculation that 

cognition in children is limited due less to an ability to apprehend information, but to 

underdeveloped skills for coordinating framing schemes. 

 

3.3. THE EFFECT OF THE HIPPOCAMPAL DEVELOPMENTAL SCHEDULE 
 

Babies are born with a functioning hippocampus [45].  However, the brain continues developing 

during childhood.  The hippocampus is perhaps one of the slowest sections to fully form.  One 

reason for this is that a full sized brain would require a full-sized head, which would be much 

larger birth canal, such that women could not walk upright on two legs.  Clearly, the way 

evolution operates cannot address this architectural problem.  Rather, the organ simply does not 

stop growing with birth, but continues to increase in the number of neural cells, each adding a 
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tiny mass, from conception throughout childhood.  Organisms, most conspicuously our species, 

tend to make the best of such constraints.  In fact, it is speculated that learning of a first language 

is facilitated by underdeveloped cognition [12,46,47]. 

 

A general finding … has been that younger children exhibit broader, more diffuse brain 

activation for cognitive control tasks as compared to adults.  During development, these brain 

areas mature and the brain activity that correlates to task performance abilities (such as reaction 

time and accuracy) become more focal and fine-tuned. [48] 

 

4. ART THERAPY 
 

Though art therapy is primarily considered correctively, as a medicinal practice for patients 

suffering from some lack, this narrow limited view is hardly intrinsic to the process. While the 

word “therapy” brings with it negative connotations, cases illustrate ways that the practice of art 

making can enhance learning and cognition.  A typical example was performed by Hendrixson 

[49] where a patient with the inability to form new memories is given a weekly art lesson, and 

creates a self-portrait using various media.  The immediate solutions to goals (ie. how to apply 

paint to a canvas using a brush) are at first difficult.  Though the patient has no memory of 

portraits from week to week, the patient tends to exhibit both an increased adeptness at the skill of 

applying paint, as well as signs of increased self-esteem and confidence for trying new things.  

This is obviously not universally true, but the point remains that the actual art-object created is 

incidental to the neurological effect produced.  In less extreme cases, young students, with not-

yet-fully-developed brains, are given problems in the form of artistic assignments, that are open-

ended and thus customizable to each student’s current cognitive skill.  The aim of art class is 

hardly to create art, though this is certainly a conspicuous and even celebrated by-product.  The 

aim is to exercise individual minds with appropriate tasks.  By and large, curricula focused on 

closed-ended tasks, with there are correct answers, are often ineffective to a large degree in this 

respect. 

 

5. CONCLUSION 
 

… [C]hildren choose to attend or emphasize different attributes from adults, due to limited 

experience or lack of knowledge of culturally appropriate functions and their correlated form 

attributes.  In such cases, children will form categories that are not isomorphic to adult 

categories, even though young children’s beliefs concerning the basis for initial category 

formation are based on the same principals as adults’ beliefs…Even a verbal explanation of why 

the new label is appropriate seldom results in change in the child’s categorization system.  

Explicit feedback indicating that the child’s label is incorrect, … also is unlikely to lead to 

change in the young child’s categorization system…Older children, like adults, do not always 

accept the expert opinion.  However, n contrast to the very young child who often is comfortable 

ignoring a contradictory adult label, the child who acknowledges he expert principal cannot 

simply ignore contradictory input.  [50] 

 

Though it is highly unpredictable when a particular child will have cognitively developed 

sufficiently to generalize abstract concepts such as mathematics, and apply them to practical 

concrete problems, or rather develop a culturally expected projection impulse, it is likely that this 

sufficient cognitive development for integration does not occur prior to about third grade [51.52].  

Dictation may be effective for post-pubescent minds, as in learning from books.  However, force-

feeding younger children data, for instance requiring that children attend classes in mathematics, 

is almost certainly a waste of time and resources for both the schools and the children.  In a few 

cases, children may develop faster, providing evidence to educators that dictation at this age 
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should be viable.  Rather, what many children do learn, because emotion learning develops 

earlier, is to associate academic environments with a feeling of disapproval. 

 

However, weighing the consequences, regardless of whether this belief is justified, we propose 

the following.  Given open-ended art lessons as problems, where the child has absolute freedom 

to employ whatever cognitive tools are at hand, insofar as the child is interested in solving the 

problem (lesson) the child will exercise those tools to the best of the child’s abilities, pushing 

them further, just as a weight lifter trains muscles because there is a desire to do so.  Children 

who have developed sufficient hippocampal abilities are certainly not at all harmed by this 

practice.  In fact, they too benefit in the very same way.  The benefits however are seldom 

recognizable to, and differ profoundly from those imposed by adults.  On the other hand, many 

students will wind up discouraged, even by friendly teachers who insist on helping the child meet 

well intended but needless expectations. 
 

Of course, in practice, in actual schools, one is also faced with deeply concerned, though not 

always well-informed parents, the intuitions and traditions of other educators.  Even one hundred 

years after John Dewey’s publications, the practicality of transformation from dictation in 

education is intimidating to many.  However, it is evident enough that we are in a crisis situation 

regarding education.  We do not have the luxury of conservatism.  In the worst case, were this 

scheme outlined above implemented, a large number of children may ‘lose’ about three years of 

schooling.  However, in the current state, many more children are apparently losing decades, 

avoiding education as much as possible.  A pedagogue of copying and listening likely ensures 

that a few children learn a lot, and most children learn nearly nothing but perhaps a disdain for 

institutions and authority.  Whereas in the proposed scheme, we can fairly be assured that by 

adopting a pedagogue of making and doing, the worst-case scenario would be that nearly all 

children learn a little.  However, evidence points toward a much more positive outcome, not just 

for the children, but also practical financial pressures, where children will tend to have the 

cognitive tools necessary for later learning, without the psychological barrier built from past 

discouragements 
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