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Summary

The formidable expansion of the digital environment in our planet is one of the most urgent challenges of this century. This new environment supports most human activities around the world today. Among the multiple social changes empowered by the digital environment we must emphasize the transformation of the education of the new generations, the so-called “digital natives.” The access to this digital environment is now becoming a hope for millions of students and teachers, a way to overcome ignorance and poverty. It is a human right, and a value in itself.

At the same time the digital environment is becoming the common ground for the mind, brain and education sciences. We think that the future of education will depend on the increasing integration of these sciences. And education is the hope of humanity. The teacher is facing new pedagogical challenges in a globalized world. We should however acknowledge the fact that while we have significant information about the learning brain we lack a similar knowledge of the teaching brain. Our expectation is to bridge this neuro-cognitive gap in the next years. 

A change of perspectives, from learning to teaching

We live in a digital era, and we are transforming our education because the new digital environment has changed our pedagogical perspectives. Today we can study how the teacher interacts with the students in very extended digital environments. And most important not only adults teach but also children teach! Moreover the new digital environment is becoming a new “expanded school” without borders. In fact we have now online access to thousands of “teaching activities” of adults and children around the world. This is a great opportunity for the neurocognitive sciences because we can follow the unfolding not only the “learning skills “ but also the “teaching skills” in this digital environment during the whole schooling of a single individual. This implies a “cognitive” change of perspective of a rapidly evolving dynamic system of teaching and learning skills. Our task now is to have the “whole picture” of the development of an educated brain, of the teaching brain and not only of the learning brain, as we have done until now (Battro, 2010).

To illustrate this point I start with the vision of the School of Athens of the famous fresco by Raphael  (Raffaello Sanzio, 1520) at the Vatican, a good introduction to our general subject. We see there a large group of scientists and philosophers, of different centuries, among them Pythagoras, Euclid, Archimedes, Epicurus, Parmenides, Socrates, Diogenes, and the only lady invited to this meeting, the famous Hypathia of Alexandria, dressed as a young man, all gathered around Plato and Aristotle in a majestic hall of sublime architecture. The remarkable picture is also a symbol of what an Academy is, “a place to do science together” (in Greek it is called sumphilosophein), a meeting place for learning and teaching together, as we are doing at our meeting.

In Raphael’s picture the columns and arcades are depicted in conical projection with all the parallel lines converging on a central focus at the horizon behind the heads of Plato and Aristotle, but the artist made these two figures larger than those predicted by the rules of perspective in order to give a more “natural” view of the ensemble. I propose that we should also change perspectives in a broad sense, in order to reach also a “more natural” view of the dynamics of the learning and teaching brains, as did Raphael with the subtle transformations of the visual perspective in his great masterwork. Until now the neurocognitive sciences were focused in the learning aspect of education, in the learning brain and the learning skills, but today it is urgent to consider also its counterpart, the teaching skills, but unfortunately we don’t know how the teaching brain works! We must bridge this gap.

We can recall another great Renaissance artist, Albrecht Dürer, who made in 1523 a series of optical-mechanical devices to draw geometrical perspectives that correct the “distortions” produced by the classical conical projection, where the figures near the eye look very big and those very far away look too small. This is what a camera does:  take a picture of a great mountain at the horizon and you will be deceived to see a very tiny hill in your photograph…The fact is that the human brain “corrects” the conical projection of the scene in the retina (which is working like a camera) following the psycho-physical laws of size-constancy. Horacio C. Reggini could simulate non-standard perspectives with a computer, which I had the chance to verify by visual experiments done in the open field. For instance: a subject who is seated has the task to construct and alley of two parallel lines of stakes, with the help of some assistants. Without leaving his position at the center of the axis he commands the assistants to fix the corresponding rows of stakes at different points. The final result is that the subject sees the constructed alley as having parallel sides, while the objective measurements show that both sides are curved towards his position (Hillebrand alleys). This “natural perspective” follows Reggini’s geometrical model of non- standard visual projections (Battro, Reggini & Karts, 1977). With humor Reggini proposes to “put a brain in your camera” and expects that these alternative perspectives will be someday incorporated in any digital camera to make a more naturalistic view of the visual scenes (Reggini, 2011). 

We must try a similar change of “cognitive perspective” in the realm of education. We should search for the neurocognitive support of the “natural” pedagogy of a constructive dialog, where teaching and learning will be strongly intertwined in a dynamic double helix of questions and answers, of modeling and experimentation.

A digital version of the Socratic Dialog

Plato (427-347 bC) founded his famous Academy in Athens where many of the brightest minds of Greece were educated, among them Aristotle, who was his disciple for some twenty years. Socrates, the great teacher, was the master figure in the Platonic dialogs. He excelled in the way he presented the questions and negotiated the answers, always in a friendly mood and with great respect to the different views in discussion. But Socrates himself tried to show that he was not teaching at all, he was just helping the others to unfold their own knowledge. Plato in Meno, a dialog about virtue, showed one of the examples in this peculiar way of “teaching” in great detail (see the original Meno dialog in www.perseus.tufts.edu). Meno, his friend, asked Socrates “whether virtue is acquired by teaching or practice; or if neither by teaching nor practice, then whether it comes to man by nature, or in what other way”. In the search for an answer to this question Socrates presented a detailed proof of his peculiar theory of teaching by giving a “lesson” on geometry to an ignorant boy who was Meno’s slave: the problem was to double the size of a given square. This lesson became a classical paradigm of Socratic pedagogy for centuries. In fact it is perhaps the first time in history that somebody recorded in detail all the questions and answers of an exchange between teacher and pupil on a very precise topic of geometry. I think that this is one of the most beautiful pieces of pedagogy ever done. 

We have recently revisited Socrates’ master class with a group of 58 high school and college students in Buenos Aires using a standard format of the 50 questions recorded by Plato (Goldin, Pezzatti, Battro & Sigman, 2011). I quote our methodology: “We first parsed the dialog in linear and conditional branches. Conditional branches diverge from questions in which the slave makes an error and are only transited if the participant makes exactly the same error. For instance, in Question 10, Socrates asks “This (side) is two feet long: what will be the side of the other (square) which is double in size?“ Meno’s slave responded: “Clearly, Socrates, double”. Subsequent questions elaborate on this mistake. In our experiment, questions 11 to 20 were asked only if the participant responded that the side length had to be doubled to double the area. Linear branches were followed sequentially unless participants made a discovery, which made subsequent questions illogical. For instance, in questions 41-48 Socrates elaborates the “diagonal argument”, i.e. to construct the new square by taking the diagonal of the given square as the new side. If at any time during this segment participants understood the diagonal argument and verbalized the solution they jumped directly to question 49.  Only a few questions were strictly mandatory and were asked regardless of the participant answers. 

Our results show a remarkable agreement between Socratic and empiric dialogs: In 28 questions, the response of every single participant followed precisely the Socratic dialog, as some two thousand four hundred years ago! In questions in which Meno’s slave made a mistake, within an unbounded number of possible erred responses, the vast majority of empiric responses coincided with the error of the dialog. While our results demonstrate the universality of the Socratic dialog they also emphasize its “educational failure”, at least in absence of directed attention to the key elements of the dialog. In fact, after following strictly every single question including Socrates “diagonal argument” that leads to the solution of the problem: “take the diagonal of the given square as the side of the square with a doubled area”, almost 50% of the participants failed to learn the simplest generalization when asked to double the area of a square of different size!”  But this failure in the process of generalization is a quite different, and intriguing, educational problem that will need further clarification.

We plan to repeat this dialog with thousands of children and teachers using the digital platform already in place in several countries, where every child and teacher has a laptop in a given city, province or country, a digital environment known as the “one laptop per child” program OLPC (Negroponte, 2005, www.laptop.org). We have already developed special software that is running in the XO laptops of the OLPC program and will allow us to interact in a “Socratic dialog on-line” at a very large scale. We know also that “scale creates the phenomenon” and we expect to see a whole spectrum of answers that would follow different paths in the search of an answer to the geometric problem. In the digital version of Menon, the path of questions and answers is punctuated by a series of elementary but elaborate cognitive decisions that we call  “click options”, expressed by YES or NO, for instance pressing a key in a computer. We must study this click option in detail because it is one of the simplest cognitive activities that can be decoded at the brain level.

The Click Option

In other studies I have shown that the click option is a basic unit of behavior (Battro, 2004).  In the case of humans, the possibility to use the click option since the first months of life is key to many neurocognitive developmental studies. In fact “to click or not to click” is a universal proposition of enormous importance. It can be represented by the elementary lattice of 4 nodes of a Boolean algebra. Moreover with Percival Denham we have proposed the click option as the “core” of a new kind of intelligence, a Digital Intelligence, that could be included in Howard Gardner’s taxonomy of Multiple Intelligences MI  (Battro & Denham, 2007; Battro, 2009; Schaler, 2006, p. 304).  A most useful property of the click option is that it can be recorded by a precise neuronal activation at the cortical level as a covert mental event that can be detected by brain imaging techniques while the overt behavioral response is expressed by pressing a key, for example.

Using this robust property Stanislas Dehaene and colleagues have predicted the decision about which number is larger or smaller than 5 within a rapid succession of numbers, by reading the brain activation of the precentral cortices of the subjects during the experiment while the click option was overtly expressed by pressing a key by the left or the right thumb. This could be called “reverse neurology” i.e: going from brain to behavior, in this case from an experimental motor preparation index to the actual response (Dehaene et al. 1998). We expect to apply soon a similar sort of reverse neurology during the digital version of a Socratic dialog by analyzing the series of click options at the cortical level of the teacher and student brains, with appropriate wireless and wearable equipments. I predict that in the near future many evaluations of the student’s cognitive performance will be done using similar simple settings based on the click option. 

An interlude about a case of extreme neuroplasticity

We can ask what makes humans so performing in the difficult art of teaching since early childhood (Strauss, 2008; Battro, 2007b, 2010). Animals cannot teach in the way human do (Passingham, 2008). Of course the significant development of the prefrontal cortices is an essential asset of our species, but really: “how much brain” do we need in order to teach? (Battro. Dehaene & Singer, 2010).

 I have been studying for fifteen years the cognitive and social development of my friend Nico who was submitted to a right hemispherectomy because of intractable epilepsy when he was three years old (Battro, 2000, Immordino-Yang, 2009).  I helped him to use a laptop in school since kindergarten and now he is a competent user of the digital environment. His left hemisphere has developed a very remarkable plasticity and Nico lives a normal life in many aspects although he has physical limitations, he is hemiplegic and hemianopic. Most interesting, he is now becoming also a good painter and a skillful amateur in the art of fencing, two very elaborated analog skills. His ambition is to teach fencing for the disabled and make a living on that profession. This remarkable example shows that humans can always teach, even with only one brain hemisphere.

Children also teach!

Parents and teachers of all times and cultures have known that children teach and spontaneously develop surprising teaching skills. Curiously enough only a few developmental psychologists have studied this phenomenon with special care. One of the pioneers in the field is Sidney Strauss (2008) and now we expect an important surge of interest on this issue because of the massive implementation of informatics and communication technologies in education. What we all observe is the impressive development of digital skills since early age, even before a first language is fully acquired. Children seem to “speak digitalese” as a second language. They are eager to use any kind of digital device and happy to transmit the newly acquired knowledge to others, siblings, parents, friends, young or old. We are experimenting an incredible teaching force coming bottom up and spreading horizontally as well as vertically, children teaching children and children teaching adults. Every one can report remarkable anecdotes of these new exchanges of information and know-how by children and adolescents in every possible digital environment. This expanding “teaching power” can be easily monitored in some digital platforms, like OLPC, that keep a continuous record of shared activities by children in the classroom and beyond. Without a permanent and spontaneous peer -to -peer teaching any deployment of computers in education would fail. It is difficult for a single teacher to explore a topic of educational interest in the vast field of Internet, digital games, social networks, robotics, etc. without substantial help from colleagues and pupils. Children are naturally eager to teach and can always help and become the best teaching-assistant in school and at home under a good guide.  And, what is most important, when we teach we learn, docendo discimus said the ancient Latin expression.

Educators must take advantage of this immense flow of ideas and new opportunities for creativity (Battro, 2002, 2004, 2007ab; Battro, Fischer & Léna, 2008).  What we need now is a great effort to expand a sustainable and accessible digital environment in education where children can learn while teaching and experimenting. Homo sapiens is essentially Homo docens, a species that not only learns but is able to teach and therefore can transmit the values of truth, good, justice, peace and beauty from one generation to the next. This sustainable and constructive historical process is what makes us human.
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