Joël Candau 
  
What does culture do to our brains? The Theuth effect: cultural adversity and cultural felicity

Keywords: anthropology, brain, cognition, cultural adversity, cultural felicity, cultural matrix, developmental valence, neuroplasticity, Theuth effect. Contents

Summary

My aim in this article is to present a new field of research, namely the Developmental Valence of Cultural Matrices (DVoCM) studies. The topic is what in cultural matrices limits (cultural adversity) or extends (cultural felicity) the optimal development of human cognitive abilities -a phenomenon termed Theuth effect. Cognitive abilities are broadly defined as information processing, whatever the information processing mode: by sensation and perception (including sensorimotor aptitudes), by emotions or by high-level mental abilities. In the first part, I provide several examples of the powerful effects of cultural matrices on brain structures and human cognitive abilities, I outline recent attempts of synthesizing them in terms of methodological approaches or theories, and I point out some of the major limits of these approaches. In the second part, I define the objectives of the DVoCM studies, and I describe the methods to be developed in order to promote research on the Theuth effect. I conclude arguing that the evaluation of the developmental valence of cultural matrices would enrich our knowledge of cultural diversity, and would be a valuable indicator of the overall wellbeing of human life forms.

"Consider the possibility that any man could, if he were so inclined, be the sculptor of his own brain, and that even the least gifted may, like the poorest land that has been well cultivated and fertilized, produce an abundant harvest" (Ramón y Cajal 1999: xv-xvi).

INTRODUCTION

In 2004, the chairman of TF1, a major French television channel, declared: "What we sell to Coca-Cola is available human brain time." He thus highlighted that the vocation of his medium was to offer advertising to the receptive brains of spectators. This is only an anecdote that, beyond any intention to create a straw man, is a useful rhetorical way of introducing the main issue that underlies this article: What does culture do to our brains? More specifically, my main question is: what do cultural matrices do to our brains, a cultural matrix being defined as a generative socio-physical configuration of a deep sharing (i.e. behavior and representations) between individuals? This is an old question. In Phaedrus (274-275b), the famous god Theuth, inventor of many arts, presents the invention of writing to king Thamus as a means for giving Egyptians "better memories." Thamus immediately warns Theuth: "for this discovery of yours will create forgetfulness in the learners' souls, because they will not use their memories". Human beings, Thamus added, will learn an abundance of information that will induce them to believe in their competence in many domains, but they will have "the show of wisdom without the reality". In my own words, the Thamus' question becomes: what does a cultural matrix do to the productions of our brains, i.e. to our cognitive abilities, broadly defined as information processing, whatever the information processing mode: by sensation and perception (including sensorimotor aptitudes), by emotions or by high-level mental abilities1 ? This is a relevant and currently debated question. Because of its amazing plasticity, and because of the highly impressive power of human culture [START_REF] Greenfeld | Mind, Modernity, Madness. The Impact of Culture on Human Experience[END_REF], our brain is culture-dependent. Consequently, cultural psychology, cultural and social neurosciences, and even human social genomics are booming disciplines, which are increasingly interested in the developmental effects of culture on brain and cognition [START_REF] Henrich | The Secret of Our Success: How Culture Is Driving Human Evolution, Domesticating Our Species, and Making Us Smarter[END_REF][START_REF] Thompson | Culture shapes the evolution of cognition[END_REF]). Yet, unlike in Plato (who, of course, was wrong about the invention of writing), the issue of the developmental valence of cultural matrices -from here "DVoCM" -is presently not addressed head-on and systematically.

I address this issue in this article. First, considering the huge power of human culture and the immense plasticity of our brain, I show that DVoCM influences our cognitive skills for better or for worse. I term this influence the Theuth effect, referring to Plato's aforementioned text. Positive influence is termed Theuth effect+ (from here on "T+"), and negative influence Theuth effect-(from here on "T-"). There will be T+, or cultural felicity, when DVoCM induces an added value compared to the cognitive potential of individuals at birth. There will be T-, or cultural adversity, when DVoCM induces a loss compared to the cognitive potential of individuals at birth. Obviously, one can imagine all intermediate solutions on the T-/T+ axis. Secondly, I hypothesize that it is possible to outline a theoretical framework and a methodology to identify and assess this DVoCM in a comparative perspective. Finally, I argue that the evaluation of this DVoCM would enrich our knowledge of cultural diversity, and would be a valuable indicator of the overall wellbeing of human life forms. Put simply, this article aims to understand when, why and how we have the Theuth effect, what is the DVoCM inducing this effect, and to what extent it can be important for human societies to assess this DVoCM.

CULTURE IS HUMAN NATURE

Human Beings Are Immersed In Culture

Culture is a natural phenomenon not specific to humans. Even if it is difficult to sort the genetic from the cultural [START_REF] Langergraber | Genetic and 'cultural' similarity in wild chimpanzees[END_REF], cultural or protocultural forms have been documented among apes [START_REF] Boesch | Chimpanzee and Human Cultures[END_REF][START_REF] Breuer | First Observation of Tool Use in Wild Gorillas[END_REF][START_REF] Hohmann | Culture in Bonobos? Between-species and within-species variation in behavior[END_REF][START_REF] Mcgrew | Chimpanzee Technology[END_REF][START_REF] Mcgrew | Intergroup Differences in a Social Custom of Wild Chimpanzees: The Grooming Hang-Clasp of the Mahale Mountains[END_REF][START_REF] Mercader | 4,300-Year-old chimpanzee sites and the origins of percussive stone technology[END_REF][START_REF] Morgan | Chimpanzees use stone hammers in Cameroon[END_REF][START_REF] Sapolsky | A Pacific Culture among Wild Baboons: Its Emergence and Transmission[END_REF][START_REF] Van Schaik | Orangutan Cultures and the Evolution of Material Culture[END_REF][START_REF] Whiten | Tool tests challenge chimpanzees[END_REF][START_REF] Whiten | Cultures in chimpanzees[END_REF] and monkeys [START_REF] Huffman | Stone play of Macaca fuscata in Arashuyama B troop: transmission of a non-adaptative behavior[END_REF][START_REF] Mcgrew | Culture in Nonhuman Primates?[END_REF][START_REF] Visalberghi | Use of stone hammer tools and anvils by bearded capuchin monkeys over time and space: construction of an archeological record of tool use[END_REF], and exist among species which are much more distant from our species than non-human primates [START_REF] Auersperg | Social transmission of tool use and tool manufacture in Goffin cockatoos (Cacatua goffini)[END_REF][START_REF] Fehér | De novo establishment of wild-type song culture in the zebra finch[END_REF][START_REF] Laland | Foraging innovation in the guppy[END_REF][START_REF] Noad | Cultural revolution in whale songs[END_REF]. However, human culture is really unique because of its prevalence, its diversity, its complexity, its cumulative evolution, its inclination towards innovation, its various means of transmission (vertical, horizontal, oblique, from one to several, from several to one, etc.), its manifold forms of cooperation [START_REF] Candau | Pourquoi coopérer[END_REF][START_REF] Henrich | Why Humans Cooperate: A Cultural and Evolutionary Explanation[END_REF][START_REF] Nowak | SuperCooperators: Altruism, Evolution, and Why We Need Each Other to Succeed[END_REF][START_REF] Tomasello | Why we cooperate[END_REF]) including regular cooperation with nonrelatives (unlike other animals), the fact that it is massively embedded in the environment, notably in social institutions, and in a multitude of artefacts [START_REF] Clark | Supersizing the Mind. Embodiment, Action, and Cognitive Extension[END_REF] and of what I called "sociotransmitters" (Candau 2005). Human culture is unique because of the range and intensity of its power. On the one hand (range), cultural expectations invade more or less every aspect of daily life. On the other hand (intensity), they can impact more or less profoundly our everyday life. Let us take the example of religion. Cultural religious expectations potentially encompass every aspect of the life of people from birth to death. Thus, their range is almost limitless compared with, for example, aesthetic codes which only concern some specific aspects of our existence. Besides, in some societies these cultural expectations are more diffuse (weak intensity) than in others (strong intensity), where, in extreme cases, they are absolutely inescapable (maximal intensity). For example, in French society as a whole (of course, a simplistic view), cultural religious expectations have a medium range and a weak intensity. In contrast, they have a wide range and a strong intensity in Iranian society. In a religious sect or during a spiritual possession rite [START_REF] Halloy | Divinités incarnées. L'apprentissage de la possession dans un culte afro-brésilien[END_REF], the intensity is maximal. Therefore, cultural expectations can be variable in range and intensity but, from a more general anthropological perspective, among human beings culture has a large range and acts in a very intense way, in the sense that it is everywhere, at every moment. Human nature is to be cultural. Our species is "wired for culture" [START_REF] Pagel | Wired for Culture. Origins of the Human Social Mind[END_REF]. Thus, culture pervades human lives, from the genome and epigenome (for an overview, see [START_REF] Laland | How culture shaped the human genome: bringing genetics and the human sciences together[END_REF] to behavior. This includes the body (which the brain is part of) and its performances, including cognitive abilities.

The natural human capacity to culturally modify human nature

A few years ago, the term 'anthropocene' was coined by Nobel Prize winning scientist Paul [START_REF] Crutzen | The 'Anthropocene[END_REF] to describe the epoch in the Earth's history, which started in the late 18th century, when the activities of humans first began to have significant effects on nature. Crutzen thought mainly about Earth's climate and ecosystems [START_REF] Jones | Human influence comes of age[END_REF], but, in my view, the term can also indicate the natural capacity of human culture to modify human nature. Indeed, human lifestyles can act on the genotype. We considered for a long time that the relationship between genes and culture was one-way, that it is to say that only genes could have an effect on culture; we know today that culture can keep genes on a leash! Both low levels of genetic diversity and genetic differentiation in modern humans are not only the effects of natural selection [START_REF] Barreiro | Natural selection has driven population differentiation in modern humans[END_REF] but are also the effects of culture. On the one hand, by limiting their mate choices to individuals of a similar culture, our ancestors possibly reduced the spread of new mutations across many groups [START_REF] Premo | Culture, population structure, and low genetic diversity in Pleistocene hominins[END_REF]. On the other hand, a correlation between linguistic borders and alleles frequency, which does not always correspond to physical boundaries (such as a mountain or a channel), has been observed in Europe [START_REF] Barbujani | Zones of Sharp Genetic Change in Europe are Also Linguistic Boundaries[END_REF][START_REF] Pagel | The cultural wealth of nations[END_REF], in Indonesia [START_REF] Lansing | Coevolution of languages and genes on the island of Sumba, eastern Indonesia[END_REF], in South Amerindian populations (Hünemeier et al. 2012), etc. In this case, it is the practice of different languages which induces or supports sharp changes in gene frequencies. Another astonishing example of the influence of human lifestyles on genome diversity is the comparison of mtDNA and Y-chromosome variation in matrilocal and patrilocal groups. It shows a correlation between genetic diversity and residence pattern, supporting the role of sex-specific migration in influencing human genetic variation. The result is that women are genetically less structured than men [START_REF] Oota | Human mtDNA and Y-chromosome variation is correlated with matrilocal versus patrilocal résidence[END_REF][START_REF] Ségurel | Sex-Specific Genetic Structure and Social Organization in Central Asia: Insights from a Multi-Locus Study[END_REF]) because of the predominance of both patrilocality and social organization of patrilineal populations.

Thanks to the emerging field of social genomics [START_REF] Cole | Social Regulation of Human Gene Expression[END_REF], and to research in gene-culture co-evolution [START_REF] Feldman | Gene-culture coevolutionary theory[END_REF][START_REF] O'brien | Genes, Culture, and Agriculture: An Example of Human Niche Construction[END_REF], we have many examples where culture can act on the genome, and thereby alter human gene expression. There is genome-wide evidence for positive selection due to changes in diet, and subsistence [START_REF] Chiaroni | Y chromosome diversity, human expansion, drift, and cultural evolution[END_REF][START_REF] Hancock | Human adaptations to diet, subsistence, and ecoregion are due to subtle shifts in allele frequency[END_REF]. For instance, among human beings, the ability to digest milk declines sharply after infancy -half of modern humans cannot digest it -, but for most European and Euro-American people, and for some populations in Africa [START_REF] Tishkoff | Convergent adaptation of human lactase persistence in Africa and Europe[END_REF], lactose (the main carbohydrate present in milk) is well tolerated. For over 8.000 years, these lactose-tolerant human societies exploited dairy breeds [START_REF] Beja-Pereira | Gene-culture coevolution between cattle milk protein genes and human lactase genes[END_REF][START_REF] Check | How Africa learned to love the cow[END_REF][START_REF] Feldman | On the theory of evolution under genetic and cultural transmission with application to the lactose absorption problem in Mathematical Evolutionary Theory[END_REF][START_REF] Flatz | Genetics of Lactose Digestion in Humans[END_REF][START_REF] Gibbons | There's More Than One Way to Have Your Milk and Drink It[END_REF][START_REF] Holden | Phylogenetic analysis of the evolution of lactose digestion in adults[END_REF]. In opposition to the ''reverse cause hypothesis,'' whereby dairying would have been adopted in populations with preadaptive high lactase persistence allele frequencies (a trait conferring the ability to digest the milk sugar lactose in adults), findings provided mounting evidence for the "culture-historical hypothesis" [START_REF] Burger | Absence of the lactase-persistence-associated allele in early Neolithic Europeans[END_REF], whereby lactase persistence alleles were rare until the advent of dairying early in the Neolithic age, but then rose rapidly in frequency under a selective pressure resulting from the adoption of cultural traits-namely animal domestication and adult milk consumption. Another example is the tolerance to starchy food. Populations with high-starch diets have, on average, more salivary amylase gene (AMY1), the enzyme responsible for starch hydrolysis, than populations with traditionally low-starch diets [START_REF] Perry | Diet and the evolution of human amylase gene copy number variation[END_REF]. I give two final related examples. The use of cereals as the staple diet by some populations is strongly correlated with higher frequencies of PRLP2 gene variant than by populations who have other diets [START_REF] Hancock | Human adaptations to diet, subsistence, and ecoregion are due to subtle shifts in allele frequency[END_REF]. Amongst Japanese people, consumption of marine microorganisms that live on seaweed -which contribute strongly to the daily diet in Japan -have introduced useful genes into their intestinal microbiome, which are absent among North American individuals (Heheman et al. 2010).

Researchers scrutinizing the genome unveil dramatic evidence of socioenvironmental influences, some of them concluding that regular changes in human cultures and ecologies linked with human demographic growth are hastening human evolution [START_REF] Cochran | The 10,000 Year Explosion: How Civilization Accelerated Human Evolution[END_REF][START_REF] Gibbons | Tracing Evolution's Recent Fingerprints[END_REF][START_REF] Hawks | Recent acceleration of human adaptive evolution[END_REF]. For instance, to inhabit in hypoxic conditions is a cultural behavior which have effects on our genes. In just a few thousand years, Andean, Deedu (DU) Mongolians, Ethiopian Amhara, and Tibetan populations (in this last case, likely by introgression of Denisovan-like DNA: Huerta-Sanchez et al. 2014) living at high altitude have adapted to hypoxia differently, with convergent evolution affecting different genes from the same pathway (Alkorta-Aranburu et al. 2012;[START_REF] Huerta-Sánchez | Genetic Signatures Reveal High-Altitude Adaptation in a Set of Ethiopian Populations[END_REF][START_REF] Simonson | Genetic Evidence for High-Altitude Adaptation in Tibet, et al[END_REF][START_REF] Xing | Genomic Analysis of Natural Selection and Phenotypic Variation in High-Altitude Mongolians[END_REF][START_REF] Yi | Sequencing of 50 Human Exomes Reveals Adaptation to High Altitude[END_REF]. The sequenced ancient DNA from 230 people who lived 3000 to 8500 years ago in Eurasia is another example of gene-culture coevolution. According to this research, the transition to farming favored genes to digest fats, as well as immune genes that protected against infectious diseases, such as tuberculosis and leprosy [START_REF] Mathieson | Genome-wide patterns of selection in 230 ancient Eurasians[END_REF].

Thanks to behavioural epigenetics, we also know that social factors might regulate gene expression and functional genomic responses [START_REF] Cole | Social regulation of gene expression in human leukocytes[END_REF]. It has been found in mammals that social conditions can modulate the expression of neural genes such as the glucocorticoid receptor gene [START_REF] Zhang | Maternal programming of defensive responses through sustained effects on gene expression[END_REF], the nerve growth factor gene, and the key immune system genes [START_REF] Sloan | Social Stress Enhances Sympathetic Innervation of Primate Lymph Nodes: Mechanisms and Implications for Viral Pathogenesis[END_REF]. [START_REF] Roth | Lasting Epigenetic Influence of Early-Life Adversity on the BDNF Gene[END_REF] showed that pups raised by stressed-out mother rats exhibited increased methylation of brain-derived neurotrophic factor (BDNF) gene in the central nervous system, and they observed a transgenerational perpetuation of changes in gene expression and behavior induced by early abuse and neglect. [START_REF] Weaver | Epigenetic programming by maternal behavior[END_REF] showed that increased pup licking and grooming and arched-back nursing by mother rats altered the offspring epigenome, and [START_REF] Curley | Social Enrichment during Postnatal Development Induces Transgenerational Effects on Emotional and Reproductive Behavior in Mice[END_REF] showed that an enrichment of the postnatal environment may exert sustained effects on behavior through modification of oxytocin and vasopressin receptor densities. Among human beings, epigenetics processes are increasingly well documented, and they begin to be considered by social scientists [START_REF] Thayer | Anthropology Meets Epigenetics: Current and Future Directions[END_REF], especially because some of them could be transgenerational [START_REF] Heard | Transgenerational Epigenetic Inheritance: Myths and Mechanisms[END_REF][START_REF] Nestler | This article provides an overview of the multiple meanings of the term epigenetic, and discusses the challenges of studying epigenetic contributions to stress susceptibility Nettle D. 2009. Beyond nature versus culture: cultural variation as an evolved characteristic[END_REF]). In our species, it is well known that social stress and isolation may affect the onset and progression of disease, while socially supportive interactions contribute to reduced mortality risks [START_REF] Seeman | Social ties and health: The benefits of social integration[END_REF]. Low levels of social support and high depressive symptoms can regulate tumor cell gene expression among women with ovarian cancer [START_REF] Lutgendorf | Depression, social support, and beta-adrenergic transcription control in human ovarian cancer[END_REF]. [START_REF] Oberlander | Prenatal exposure to maternal depression, neonatal methylation of human glucocorticoid receptor gene (NR3C1) and infant cortisol stress responses[END_REF] reported epigenetic alterations in cells isolated from umbilical cord blood in 33 infants born to women who suffered symptoms of depression during their pregnancy, suggesting an increased susceptibility to stress among the newborns. Adverse environmental conditions during early-life can cause epigenetic changes in humans that persist throughout life, and have effects on behaviour (Keverne, Plaff & Tabansky 2015). For instance, the strong sensitivity to diseases for individuals who were prenatally exposed to famine during the Dutch Hunger Winter in 1944-1945: according with the fetal origins hypothesis [START_REF] Barker | Fetal origins of coronary heart disease[END_REF], sixty years later they had less DNA methylation along the insulin-like growth factor II gene (IGF2), compared with same-sex siblings not exposed to the famine [START_REF] Heijmans | Persistent epigenetic differences associated with prenatal exposure to famine in humans[END_REF]. Other persistent changes in epigenetic regulation have been observed among people who suffered the Great Chinese Famine (1958)(1959)(1960)(1961) or the 1968-1970 Biafra famine (Ahmed 2010).

Another example of the action of cultural matrices on genes is resistance to some diseases. For instance, due to the diversity of environmental and social conditions, resistance to malaria was promoted, directly or indirectly, in West Africa by the practice of agriculture (yam cultivar) as the environment in which resistance through the sickle cell gene emerged [START_REF] Livingstone | Anthropological Implications of Sickle Cell Gene Distribution in West Africa[END_REF], in Coastal New Guinea by the use of sago palm [START_REF] Ulijaszek | Bioculturalism in Holistic Anthropology. Emergence and Convergence[END_REF], and in the Mediterranean by fava bean consumption [START_REF] Katz | Fava Bean Consumption and Biocultural Evolution[END_REF]). If we consider mental health, it is well known that adverse early-life experiences have a profound effect on the developing brain [START_REF] Nemeroff | Neurobiological consequences of childhood trauma[END_REF]), but a lot of data shows that genes and culture interact. Here are just a few examples. In men who were abused as children, the expression in the hippocampus of a gene involved in stress control is affected even decades later [START_REF] Mcgowan | Epigenetic regulation of the glucocorticoid receptor in human brain associates with childhood abuse[END_REF]). On one hand, variation in specific genes (monoamine oxidase A (MAOA) and serotonin transporter (5-HTT)) contributes to predict greater or lesser degrees of psychopathology in maltreated individuals (Kim-Cohen & Gold 2009), but on the other hand, social factors can promote resilience. According to the social buffering hypothesis, having a supportive relationship with an adult protects maltreated children from developing depression and reduces behavior problems, even among children who have an at-risk genetic makeup [START_REF] Kaufman | Brain-derived neurotrophic factor-5-HTTLPR gene interactions and environmental modifiers of depression in children[END_REF]. Also, socioeconomic status early in life seems to alter gene expression. According to the research of [START_REF] Miller | Low early-life social class leaves a biological residue manifested by decreased glucocorticoid and increased proinflammatory signaling[END_REF], the white blood cells of men who lived in lower socioeconomic environments before the age of 5 show disparities in the activity of more than 100 genes related to immune system function. As a result, they observed an increase of inflammatory immune responses, and infectious and cardiovascular diseases, all phenomena related to poverty. Strictly speaking, even if epigenetics does not always seem to be the cause -changes in gene expression can be the result of changes in the activity of transcription factors without the help of epigenetic mechanisms [START_REF] Miller | The Seductive Allure of Behavioral Epigenetics[END_REF]) -, the important lesson for anthropologists and biologists is that social interactions can affect biology.

The Cultural Brain

Among human beings, the power of culture is often explained by the power of the brain, acquired at the price of substantial developmental and energy costs which, from an evolutionary point of view, can be justified by the extent of the behavioral palette or repertoire that brain power ensures to our species [START_REF] Daniel | Revisiting the cognitive buffer hypothesis for the evolution of large brains[END_REF]. This standpoint is right but it eludes an essential fact: if our brain is so powerful, it is also because culture can act on it or, more exactly, because the nature of our brain makes it especially suited to being culture-dependent. Thus, the human brain is shaped by both evolution (phylogenesis) and culture [START_REF] Richerson | Not by Genes Alone: How Culture Transformed Human Evolution[END_REF]Schaller et al. 2009).

In various ways, our brain differs from that of other primates. If we put aside the still debated discovery of "Hobbit" (Homo floresiensis) on Florès Island [START_REF] Brown | A new small-bodied hominin from the Late Pleistocene of Flores, Indonesia[END_REF][START_REF] Sutikna | Revised stratigraphy and chronology for Homo floresiensis at Liang Bua in Indonesia[END_REF][START_REF] Weston | Insular dwarfism in hippos and a model for brain size reduction in Homo floresiensis[END_REF], the established fact is that, throughout evolution, brain size in hominins has always increased. At birth, cranial capacities were on average 180 cc among Australopithecus, 225 cc among early Homo, 270 cc in Homo erectus, and approximately 370 cc among anatomically modern humans. The size of the skull of a newborn human being is about 2.5 times bigger than that of a chimpanzee. The price to pay for this -a long, risky and dangerous labour, in contrast to other primates (Ponce de León 2008)has as compensation a strong encephalization quotient (EQ). In our species, EQ is about 6.9 times higher than that of an average mammal with the same weight, and it is 2.6 times higher again than that of a chimpanzee. The power of our brain results not only from its size and its volume, but also from the number of neurones (about 86 billion on average, compared with about 28 billion in chimpanzees), the complexity of their interconnectivity (about 10 14 synapses), neotenic changes present at the gene expression level [START_REF] Somel | Transcriptional neoteny in the human brain[END_REF], its voracious appetite for energy [START_REF] Pontzer | Metabolic acceleration and the evolution of human brain size and life history[END_REF], its constant vigilance, and equally from its structure. Encephalization translates into increasing and significant specializations of cortical and sub-cortical areas, notably in the increase in the size of the temporal and frontal cortices, which play an essential role in our aptitude for sociality and in cultural representations.

The idea that the advanced cognitive abilities of the human brain were evolutionary shaped (and are still being shaped) by social factors is central to three related hypotheses -Social Brain Hypothesis (H.), Cultural Brain H., Cultural Intelligence H. [START_REF] Dunbar | The Social Brain Hypothesis[END_REF][START_REF] Dunbar | Evolution of the Social Brain[END_REF][START_REF] Dunbar | Evolution in the Social Brain[END_REF][START_REF] Herrmann | Humans Have Evolved Specialized Skills of Social Cognition: The Cultural Intelligence Hypothesis[END_REF]) -, according to which it is mainly the computational demands of living in large, complex societies that selected for large brains, and not the brain's role in sensory or technical competences such as foraging skills, innovations, and way-finding. In the same way, the Vygotskian Intelligence H., the Shared Intentionality H. and the Machiavellian Intelligence H. argue that both the adoption of cooperative behaviors and the existence of social competition, communication and teaching among early humans led to more conceptually complex forms of thinking (Byrne & Whiten 1988;[START_REF] Call | Contrasting the Social Cognition of Humans and Nonhuman Apes. The Shared Intentionality Hypothesis[END_REF][START_REF] Tomasello | A Natural History of Human Thinking[END_REF]). It has also been argued that the cultural invention of cooking increased caloric content and so freed more energy for the brain [START_REF] Wrangham | The Raw and the Stolen: Cooking and the Ecology of Human Origins[END_REF][START_REF] Wrangham | Catching Fire. How Cooking Made Us Human[END_REF], what allowed the increase of the number of neurones and consequently (Fonseca-Azevedo et al. 2012) of the brain. So, throughout its evolution, the human brain was largely shaped (and is still being shaped) by cultural matrices. Furthermore, beyond evolutionary shaping, it is also similarly shaped after birth and through the entire life span, thanks to its amazing plasticity. The human brain is a never-ending construction. From conception [START_REF] Mampe | Newborns' Cry Melody Is Shaped by Their Native Language[END_REF][START_REF] Partanen | Learning-induced neural plasticity of speech processing before birth[END_REF] to death, it is encultured (Lende & Downey 2012) i.e. open to cultural sculpting at multiple levels.

The Encultured Brain

Altriciality

One Homo sapiens' characteristic is the strength and duration of the growth of a large percentage of the brain postnatally. If we consider the variable of strength, the species which is phylogenetically the closest to our own -Pan troglodytes -has a coefficient of brain growth of 2.5 between birth and adulthood, contrasted with 3.3 in humans [START_REF] Desilva | Chimpanzee neonatal brain size: Implications for brain growth in Homo erectus[END_REF]& 2008). If we consider the variable of duration, the continued growth of the brain is embedded in a general schema which concerns the whole organism: the human infant, for at least 160 000 years, has needed much more time to develop than other animal species. We, as Homo sapiens, experience this so-called secondary altriciality [START_REF] Coqueugniot | Early brain growth in Homo erectus and implications for cognitive ability[END_REF]) in addition to the primary altriciality -we are not immediately competent at birth without social support. For the most part, the brain stops neurogenesis soon after birth, except in the subventricular zone -which connects to the olfactory bulbs -from where new neurons integrate into the adjacent striatum [START_REF] Ernst | Neurogenesis in the Striatum of the Adult Human Brain[END_REF], and in the subgranular zone, part of the dentate gyrus of the hippocampus [START_REF] Eriksson | Neurogenesis in the adult human hippocampus[END_REF]. However, the neonatal brain only represents 25% of its adult size. Immediately after the birth of a baby, the growth will proceed at the same rate as during the foetal stage to reach 50% of the adult size around 1 year and 95% around 10 years. This growth essentially concerns the interconnections of the neurones (synaptogenesis). The growth is progressive and goes through several phases, of which one is rapid and the others are slower. The duration of the rapid phase is 14 days in rats, 30 days in cats, 136 days in monkeys/apes, and 470 days in humans (where it starts 4.5 months before birth). At every minute in the life of a baby, recalls Changeux (2002: 291), "more than two million synapses are occurring!" In total, 50% of these connexions occur after birth (Changeux 2003). After the rapid phase, brain development is long lasting. For example, the stabilization and selective elimination of the initially overproduced synapses [START_REF] Changeux | The selective stabilization of developing synapses: a plausible mechanism for the specification of neuronal networks[END_REF] in the cerebral cortex (synaptic pruning) was long considered complete during early adolescence. Yet [START_REF] Petanjek | Extraordinary neoteny of synaptic spines in the human prefrontal cortex[END_REF] showed that the period of overproduction and elimination of dendritic spines on pyramidal neurons in the human prefrontal cortex extends to the third decade of life. According to [START_REF] Kolb | Experience and the developing prefrontal cortex[END_REF], cerebral maturation is not complete until an individual reaches her or his fourth decade of life. Not even the higher non-human primates experience such secondary altriciality. Indeed, at birth, chimpanzee brain capacity is 40% of adult capacity, but it reaches 80% as early as 1 year compared with, as we know, 50% in humans. This prolonged development of the brain is indisputably a peculiarity of our species. Usually, and often rightly, this peculiarity is considered as an advantage, because it has a long-range anthropological consequence: our brain is a very effective tool for cultural learning. It is predisposed to become a cultural representation of the world [START_REF] Changeux | L'Homme de vérité[END_REF]. However, a risk associated with "the cultural recycling of cortical maps" [START_REF] Dehaene | Cultural Recycling of Cortical Maps[END_REF]) is rarely noted. This predisposition can produce the best yet it can also produce the worst, depending on the nature of the context.

It can produce the best. For instance, there is a significant effect of early childhood maternal support on hippocampal volume growth across school age and early adolescence [START_REF] Luby | Preschool is a sensitive period for the influence of maternal support on the trajectory of hippocampal development[END_REF]. Infants born extremely prematurely who are exposed to audio recordings of maternal sounds (including their mother's voice and heartbeat) have a significantly larger auditory cortex bilaterally compared with control newborns receiving standard care [START_REF] Webb | Mother's voice and heartbeat sounds elicit auditory plasticity in the human brain before full gestation[END_REF]. Only 15 months of musical training before the age of 7 years can strengthen connections (corpus callosum) between the two hemispheres of the brain [START_REF] Schlaug | Increased corpus callosum size in musicians[END_REF] and induce other structural brain changes in motor, auditory, and visual-spatial regions [START_REF] Gaser | Brain Structures Differ between Musicians and Non-Musicians[END_REF][START_REF] Hyde | Musical Training Shapes Structural Brain Development[END_REF]. Early musical training staves off hearing loss [START_REF] White-Schwoch | Older Adults Benefit from Music Training Early in Life: Biological Evidence for Long-Term Training-Driven Plasticity[END_REF]. Reading books and educational toys influence how the brain grows [START_REF] Yeatman | Development of white matter and reading skills[END_REF].

However, the predisposition of the brain to become "a cultural representation of the world" can also produce the worst. Numerous studies on fetal vulnerability and adverse early-life experience document how some cultural matrices may cause cognitive damage. They may lead to telomere shortening, associated with age-related illnesses like Alzheimer's disease [START_REF] Mitchell | Social disadvantage, genetic sensitivity, and children's telomere length[END_REF]. They can compromise neurobehavioral development (e.g. impacting hippocampal development, affecting the development of the myelin-producing glial cells, or impairing brain connections) and the corresponding cognitive development of children (mental retardation, emotional instability, low executive and memory function, reduced language skills, addiction vulnerability, etc.). Variation in specific genes (monoamine oxidase A and serotonin transporter (5-HTT)) helps to predict greater or lesser degrees of psychopathology in maltreated individuals (Kim-Cohen & Gold 2009). BDNF expression and DNA methylation are altered in several psychiatric disorders that are associated with early-life adversity [START_REF] Hair | Association of child poverty, brain development, and academic achievement[END_REF][START_REF] Kundakovic | DNA methylation of BDNF as a biomarker of early-life adversity[END_REF]. Similarly, poverty affects the growth of children's brains [START_REF] Kimberly | Family income, parental education and brain structure in children and adolescents[END_REF][START_REF] Luby | The effects of poverty on childhood brain development: The mediating effect of caregiving and stressful life events[END_REF], a crucial issue in the contemporary context of rising social inequalities.

Neuroplasticity

The important lesson is that cultural matrices affect the biology of the brain -culture is "embrained" [START_REF] Kitayama | Culture, mind, and the brain: Current evidence and future directions[END_REF][START_REF] Mu | How culture gets embrained: Cultural differences in event-related potentials of social norm violations[END_REF] -for better and for worse. This phenomenon is not limited to the first decades of human life. It is extended by the process of neuroplasticity (the modification of neural networks and synaptic strength) all throughout life. Neuroplasticity can be opportunistic, honed through development and evolution, or context-dependent. Behavioral experience-induced structural plasticity is not specific to human beings [START_REF] Rampon | Genetic analysis of learning behavior-induced structural plasticity[END_REF] and, from an ontogenetic point of view, it is well documented that practice makes cortex [START_REF] Duerden | Practice Makes Cortex[END_REF]. For example, grey and white matter changes are associated with tool-use learning in Macaque monkeys [START_REF] Quallo | Gray and white matter changes associated with tool-use learning in macaque monkeys[END_REF]). However, this behaviorally induced brain plasticity is massive among human beings. All throughout life, many neural correlates of human cognition are culture-dependent (for a review, see [START_REF] Han | Culture-sensitive neural substrates of human cognition: a transcultural neuroimaging approach[END_REF], and many cultural practices induce brain structural plasticity, notably various learning and memory processes such as procedural learning, skill learning, habit learning and reward-associated learning.

For example, hippocampal plasticity in adults has been related to intensive musical training [START_REF] Herdener | Musical Training Induces Functional Plasticity in Human Hippocampus[END_REF]. In adults as well, learning to read re(de)fines the cortical networks for vision and language [START_REF] Dehaene | How Learning to Read Changes the Cortical Networks for Vision and Language[END_REF], increases white matter in the splenium of the corpus callosum, and grey matter in bilateral angular, dorsal occipital, middle temporal, left supramarginal and superior temporal gyri [START_REF] Carreiras | An anatomical signature for literacy[END_REF], and, globally, influences the functional hemispheric balance in reading and verbal working memory-related regions and affects large-scale brain connectivity [START_REF] Petersson | Literacy: A cultural influence on functional left-right differences in the inferior parietal cortex[END_REF]). Long-term meditators have structural differences in both grey and white matter [START_REF] Kang | The effect of meditation on brain structure: cortical thickness mapping and diffusion tensor imaging[END_REF][START_REF] Tang | Short-term meditation induces white matter changes in the anterior cingulate[END_REF]. Cortical thickness is correlated with duration of video gaming [START_REF] Kühn | Positive Association of Video Game Playing with Left Frontal Cortical Thickness in Adolescents[END_REF]). Among taxi drivers, the volume of grey matter in the right posterior hippocampus was found to correlate positively with the amount of time spent learning to be, and practicing as, a licensed taxi driver [START_REF] Maguire | Navigation-related structural change in the hippocampi of taxi drivers[END_REF][START_REF] Mcnamara | Cognitive maps and the hippocampus[END_REF][START_REF] Woollett | Acquiring ''the Knowledge'' of London's Layout Drives Structural Brain Changes[END_REF]). An increase in grey matter density has also been observed among bilingual people compared with monolingual people (Kovács & Mehler 2009a, 2009b;[START_REF] Mechelli | Neurolinguistics: Structural plasticity in the bilingual brain[END_REF], among people learning a new motor skill such as juggling [START_REF] Draganski | Changes in grey matter induced by training[END_REF], among subjects who practiced a mirror reading task for 2 weeks [START_REF] Ilg | Gray Matter Increase Induced by Practice Correlates with Task-Specific Activation: A Combined Functional and Morphometric Magnetic Resonance Imaging Study[END_REF], during extensive learning [START_REF] Draganski | Temporal and Spatial Dynamics of Brain Structure Changes during Extensive Learning[END_REF], grey matter volume is correlated with quantitative measure of participation in social networks [START_REF] Kanai | Online social network size is reflected in human brain structure[END_REF], etc. The adult neurogenesis in the hippocampus and the olfactory bulb is not static or merely restorative, but constitutes an adaptive response to interactions with our environment and/or our internal state [START_REF] Lledo | Adult neurogenesis and functional plasticity in neuronal circuits[END_REF]. The perfumers' expertise is associated with a functional reorganization of key olfactory and memory brain regions [START_REF] Plailly | Experience induces functional reorganization in brain regions involved in odor imagery in perfumers[END_REF]. Sensory inputs enhances synaptogenesis of adult-born periglomerular neurons [START_REF] Livneh | Sensory Input Enhances Synaptogenesis of Adult-Born Neurons[END_REF]. This induced brain structural plasticity never stops completely during adulthood, and can still be observed among older people for whom this mechanism is strengthened by cognitive engagement and exercise [START_REF] Boyke | Training-Induced Brain Structure Changes in the Elderly[END_REF][START_REF] Park | The Adaptive Brain: Aging and Neurocognitive Scaffolding[END_REF][START_REF] Willey | Leisure-time physical activity associates with cognitive decline: The Northern Manhattan Study[END_REF]. This neuroplasticity has correlates in human cognitive abilities.

Enculturated cognition

Heyes (2012) argues that it is not only 'grist' (facts about the world and how to deal with it) but also 'mills' (the cognitive processes that make 'fact inheritance' possible) that are culturally inherited, a process called "cognitive retooling" by [START_REF] Wilson | The re-tooled mind: how culture re-engineers cognition[END_REF]. So, cognition is intrinsically a cultural phenomenon [START_REF] Hutchins | Cognition in the wild[END_REF]. It is well known that, according to their social origin, people do not have the same chances of mastering their native language, having access to greater knowledge and thus succeeding in academic studies [START_REF] Bourdieu | Les héritiers. Les étudiants et la culture[END_REF]. For instance, there is a huge power of cultural matrices on child development, and on what I coined protomemory (Candau 1998a). Prenatal undernutrition impedes cognitive function [START_REF] De Rooij | Prenatal undernutrition and cognitive function in late adulthood[END_REF], as does the rise in childhood obesity [START_REF] Yau | Obesity and Metabolic Syndrome and Functional and Structural Brain Impairments in Adolescence[END_REF], and as does poverty [START_REF] Hair | Association of child poverty, brain development, and academic achievement[END_REF][START_REF] Mani | Poverty Impedes Cognitive Function[END_REF]. Just the fact that high socioeconomic status (SES) families use gesture more to communicate with their children when they are 14 months old is a precursor at 54 months to the inequality with children from low-SES families who, on average, arrive at school with less vocabulary [START_REF] Rowe | Differences in Early Gesture Explain SES Disparities in Child Vocabulary Size at School Entry[END_REF]. Musical intervention with nine-month-old infants enhances infants' ability to extract temporal structure information and to predict future events in time, a skill affecting both music and speech processing [START_REF] Zhao | Musical intervention enhances infants' neural processing of temporal structure in music and speech[END_REF]. Two years of music training improves the neurophysiological distinction of consonants among at-risk children aged six to nine years [START_REF] Kraus | Music Enrichment Programs Improve the Neural Encoding of Speech in At-Risk Children[END_REF]. Family-based training program improves brain function, cognition, and behavior in lower socioeconomic status pre-schoolers [START_REF] Neville | Family-based training program improves brain function, cognition, and behavior in lower socioeconomic status preschoolers[END_REF]. [START_REF] Mclaughlin | Causal effects of the early caregiving environment on development of stress response systems in children[END_REF] provide causal evidence for the persistent effects of the early caregiving environment (e.g., deprivation associated with institutional rearing in Bucharest) on the stress response system. In fact, there are several ways in which culture can influence perception and cognition across a variety of domains, including self-representation [START_REF] Zhu | Neural basis of cultural influence on self representation[END_REF], attention [START_REF] Grossmann | Culture, attention and emotion[END_REF], memory [START_REF] Mullen | The cultural context of talk about the past: Implications for the development of autobiographical memory[END_REF], theory of mind (reading literary fiction improves it: Heyes & Frith 2014; [START_REF] Kidd | Reading Literary Fiction Improves Theory of Mind[END_REF], or stress responses. From a general point of view, early adversity can damage not only physical growth [START_REF] Juonala | Childhood psychosocial factors and coronary artery calcification in adulthood: The cardiovascular risk in young finns study[END_REF]), but also neurodevelopment, executive function abilities (cognitive flexibility, working memory, inhibitory control), and social-psychological health [START_REF] Berens | The science of early adversity: is there a role for large institutions in the care of vulnerable children?[END_REF][START_REF] Hostinar | Associations between early life adversity and executive function in children adopted internationally from orphanages[END_REF].

According to the Flynn (1987) effect (large increases in IQ over short periods of time as nations develop), it is very plausible that health, nutrition, literacy, and schooling improve IQ [START_REF] Barber | Educational and ecological correlates of IQ: a cross-national investigation[END_REF]. A prospective, population-based birth cohort study of neonates launched in 1982 in Pelotas (Brazil) shows that breastfeeding, a culturally differentiated practice since the first hour of life of newborn [START_REF] Candau | Foreword in Barkat-Defradas[END_REF] 2 , is associated with improved performance in intelligence tests 30 years later [START_REF] Victora | Association between breastfeeding and intelligence, educational attainment, and income at 30 years of age: a prospective birth cohort study from Brazil[END_REF]. Conversely, a change either in general societal pressures on the individual or in the style of teaching in schools favoured a large drop in performance by English 11-/ 12-year-olds entering secondary school between 1976 and 2003, namely a large anti-Flynn effect [START_REF] Shayer | Thirty years on -a large anti-Flynn effect/ (II): 13-and 14-year-olds. Piagetian tests of formal operations norms[END_REF]. Contrary to the myth of the solitary genius, even creativity is always collaborative and thus context-dependent, even when we are alone [START_REF] Sawyer | Group Genius: The Creative Power of Collaboration New York[END_REF].

From a Whorfian perspective, language may change how we see the world. Language influences biological concepts (Anggoro, Medine & Waxman 2010), color cognition, especially color memory, learning, and discrimination [START_REF] Davidoff | Language and Perceptual Categorisation[END_REF][START_REF] Davidoff | Colour Categories in a Stone-Age Tribe[END_REF][START_REF] Deutscher | Through the Language Glass. Why the World Looks Different in Other Languages[END_REF][START_REF] Kay | Resolving the Question of Color Naming Universals[END_REF][START_REF] Özgen | Acquisition of categorical color perception: A perceptual Learning approach to the linguistic relativity hypothesis[END_REF][START_REF] Regier | Color Naming Reflects Optimal Partitions of Color Space[END_REF][START_REF] Roberson | Color categories: Evidence for the cultural relativity hypothesis[END_REF][START_REF] Uchikawa | Influence of basic color categories on color memory discrimination[END_REF], economic behaviour [START_REF] Chen | The Effect of Language on Economic Behavior: Evidence from Savings Rates, Health Behaviors, and Retirement Assets[END_REF], emotional perceptions [START_REF] Gendron | Emotion words shape emotion percepts[END_REF], numerical cognition [START_REF] Gordon | Numerical Cognition Without Words: Evidence from Amazonia[END_REF][START_REF] Pica | Exact and Approximate Arithmetic in an Amazonian Indigene Group[END_REF], olfactory cognition [START_REF] Candau | El lenguaje natural de los olores y la hipótesis Sapir-Whorf[END_REF][START_REF] Majid | Odors are expressible in language, as long as you speak the right language[END_REF][START_REF] Agnieszka | Olfaction and Environment: Tsimane' of Bolivian Rainforest Have Lower Threshold of Odor Detection Than Industrialized German People[END_REF], perception of motion events [START_REF] Athanasopoulos | Two languages, two minds: flexible cognitive processing driven by language of operation[END_REF], perspective-taking [START_REF] Fan | The Exposure Advantage: Early Exposure to a Multilingual Environment Promotes Effective Communication[END_REF], spatial cognition [START_REF] Majid | Can language restructure cognition? The case for space[END_REF]) and spatial concepts [START_REF] Choi | Learning to express motion events in English and Korean: The influence of language-specific lexicalization patterns[END_REF], and visual awareness [START_REF] Lupyan | Language can boost otherwise unseen objects into visual awareness[END_REF]. In my own research, ethnographic and experimental data show that repeated olfactory experiences give to some professionals a real sensorial expertise when they have to identify, discriminate and categorize odors [START_REF] Baccino | Sharing an Olfactory Experience: The Impact of Oral Communication[END_REF][START_REF] Candau | Mémoire et expériences olfactives[END_REF][START_REF] Candau | The Olfactory Experience: constants and cultural variables[END_REF][START_REF] Candau | L'anthropologie des odeurs : un état des lieux » in Histoire et anthropologie des odeurs en islam médiéval[END_REF][START_REF] Candau | Foreword in Barkat-Defradas[END_REF].

Religious practice can induce biases in the control of visual attention [START_REF] Colzato | God: Do I have your attention?[END_REF]. Even some reputedly hard-wired or "encapsulated" cognitive processes (impenetrable or unaffected by other cognitive domains and by the cultural environment) and, therefore, thought to be invariant across all humans, are not so. For example, [START_REF] Segall | The influence of culture on visual perception[END_REF] demonstrated the cross-cultural variation in the Müller-Lyer visual illusion. Similarly, the Ebbinghaus illusion has been shown to be stronger in Japanese than Western observers, and stronger in Western than Himba (Namibia) observers [START_REF] Caparos | Exposure to an urban environment alters the local bias of a remote culture[END_REF]. Face processing, observed in newborn infants, is beyond doubt an innate capacity [START_REF] Goren | Visual following and pattern discrimination of face-like stimuli by newborn infants[END_REF][START_REF] Johnson | Newborns' preferential tracking of face-like stimuli and its subsequent decline[END_REF]. However, this processing differs across cultures [START_REF] Blais | Culture Shapes How We Look at Faces[END_REF], providing evidence of cultural tuning of an automatic neural response. In these last cases, culture influences cognitive abilities that biologists previously believed to be hard-wired in our species.

As for induced brain structural plasticity, the experience-dependent plasticity of cognitive abilities can still be observed among aging people. Emerging research into emotional, social, and motivational domains provides some evidence for the preservation of plasticity with age [START_REF] Gutchess | Plasticity of the aging brain: New directions in cognitive neuroscience[END_REF]. For instance, current research on language and aging shows that older adults' brains remain responsive and capable of flexible network interactions [START_REF] Shafto | Language in the aging brain: The network dynamics of cognitive decline and preservation[END_REF]. Exercise, eating habits, literacy skills, socially engaged life, and even some video games protect against memory decline and consolidate gains (Anguera et al. 2013;[START_REF] Caracciolo | Cognitive decline, dietary factors and gut-brain interactions[END_REF][START_REF] Lindenberger | Human cognitive aging: Corriger la fortune?[END_REF][START_REF] Manly | Literacy and cognitive change among ethnically diverse elders[END_REF].

Current responses of science to the effects of culture on cognition

Several disciplines focus on this topic. None, however, put at the heart of their research questions on the issue of the DVoCM, as I do in this article. So-called "Comparative cognition" (Comparative Cognition Society; numerous Comparative Cognition Laboratories: Indiana University, University of Cambridge, University of Kentucky, University of Newcastle (Australia), University of Wisconsin, University of Neuchâtel, Yale University, etc.), various publications on comparative cognition: journal Comparative Cognition & Behaviour Reviews, recent books such as Olmstead & Kuhlmei 2015) is outside the DVoCM scope, since it is primarily concerned with comparing the cognitive abilities across species (human species included) or within a non-human species. In contrast, cultural psychological studies (e.g. represented in the journals Culture & Psychology, Journal of Cognition and Culture), and the burgeoning field of cultural neuroscience (for a review, see [START_REF] Han | A Cultural Neuroscience Approach to the Biosocial Nature of the Human Brain[END_REF]) have paved the way, arguing that an intrinsic feature of the brain is that it is culture-dependent. Cross-cultural psychology, briefly defined by Berry et al. (2002, 1 st edition 1992) as the study of the relationships between cultural context and "psychological functioning," has also been a pioneer in the domain. Yet even when [START_REF] Muggleton | Culture and Cognition[END_REF] note that "there is increasing interest in specific neurocognitive differences that may arise as a consequence of different cultural backgrounds", it is never focused on the DVoCM.

The recent (2014-2017) Enculturated Cognition Project (P.I. Richard Menary, Macquarie U., Australia) plans to explore how culture transforms the brain and extends our cognitive capabilities. However, Menary's scope is the entire human species and its general ability to culture in an evolutionary perspective. With a similar perspective, the Laland Lab (U. of St Andrews, U.K.) emphasizes how, throughout evolution, cultural processes amplify our capacity for niche construction and our ability to modify selection pressures accordingly. Although I am enthusiastic about a Darwinian approach to culture, these evolutionary perspectives are different in nature from the topic of this article, which is centered on the variability of the DVoCM.

Many other research lines are centered on culture-cognition interactions. I should mention The Cultural Brain-initiative (Den kulturella hjärnan, Sweden) which gathers data in the cross scientific field of research where culture, brain, health and education meet each other; the field of neuroanthropology (Lende & Downey 2012), which explores the interaction of brain and culture and its implication for the understanding of mind, behavior, and self; or the focus of the International Cognition & Culture Institute (LSE and Institut Jean Nicod) in the emerging cross-disciplinary field of cognition and culture studies. Even initiatives towards "Cognitive Reports" are emerging. Since 2012, a private initiative of the Economist Intelligence Unit, The Global Index of Cognitive Skills and Educational Attainment, has provided a snapshot of the relative performance of 39 countries based on their education outputs, but it neglects the DVoCM as a whole. This remark also applies to the Survey of Health, Aging and Retirement in Europe (SHARE), where participants were tested on cognitive tasks assessing episodic memory and category fluency. Subtitled Mind, Society, and Behavior, the key message of the World Development Report 2015 is that poverty is a "cognitive tax", a real mental toll. For example, sugar cane farmers in India were asked to participate in a series of cognitive tests before and after receiving their harvest income. Their performance was the equivalent of 10 IQ points higher after the harvest, when resources were less scarce (WDR 2015). However, the WDR 2015, as with the other initiatives above, is not systematically focused on the DVoCM. These different initiatives are dispersed, they do not have a unifying theoretical framework around a well-defined research object, and their heterogeneous methodologies often make it difficult to compare the available data. It results that we have a lot of scattered data, without a unifying theory. In this domain, literature teaches us that culture influences our brains and also gives us information -that must be rigorously evaluated -about what culture does to our cognitive abilities. However, it does not venture any global perspective about the correlations, and even less about the causal relationships that could be established between the cultural matrices and our cognitive abilities. Although the question of the DVoCM is often implicit in this various researches, it is never asked explicitly. This research path remains untrodden, which justifies the goal of DVoCM studies.

THE GOAL OF DEVELOPMENTAL VALENCE OF CULTURAL MATRICES STUDIES

The aim of these studies is to establish whether we can identify and then evaluate (T+ or T-, with all of the levels in between) the DVoCM, just like we can identify and then evaluate the sanitary valence of a socio-physical configuration when we examine the physical health of its members. For example, if we evaluate the sanitary valence in the Caribbean, we can confirm that it is better in Cuba than in Haiti in terms of infant mortality: the rate was 4‰ and 42‰ respectively in 2015. Strangely, since it involves evaluating the cognitive (broadly speaking) development of individuals, scientists do not risk this kind of judgment on contemporary cultural matrices. At best, when they do so at the level of big or small groups (a society, a family, the working conditions in a company, a sect), the question is asked in terms of mental health, i.e. compared with the risk as to whether or not these groups induce certain pathologies [START_REF] Barbara | Losing our minds. How environmental pollution impairs human intelligence and mental health[END_REF][START_REF] Gold | Suspicious Minds. How Culture Shapes Madness[END_REF]Grandjean 2013). Yet the question of cognitive development is never asked head-on and systematically in terms of the DVoCM. In this article I propose, on the contrary, that this DVoCM may have T+ or T-effects on the cognitive development of individuals.

For an anthropologist, this hypothesis is not easy to formulate. It constitutes a break from the largely dominant relativist tradition of the discipline, which involves refusing to make qualitative judgments on cultural matrices. It is the cornerstone of the discipline, even if some, such as Nettle ( 2009), pertinently ask if cultural traditions benefit or oppress individuals, and if others discuss the topic of "harmful cultural practices" (Lawson et al. 2016;[START_REF] Rieger | Polygyny and child health revisited[END_REF]. Apart from a few rare exceptions [START_REF] Turnbull | The Mountain People[END_REF], most anthropologists adopt the principle of axiological neutrality, with the result that the possible negative effects of culture have rarely been considered. The dominant opinion among anthropologists is all the more robust as, whatever the cultural matrix considered, it generally corresponds to that of the people living in this context. Generally speaking, these people consider that their culture is "good" on the whole (and often consider it as superior to others). Besides the in-group and herding biases it probably lies in the fact that, for lay people, culture is an incremental process of acquisition, which is continually improving. Consequently, for lay people (their) culture is generally good, and for anthropologists, culture is not necessarily good, but the blinkered thinking is that culture cannot be bad.

Contrasting with this view, I argue that the scientific assessment of the DVoCM is a relevant goal, in the same way as we assess the "sanitary valence." I address this issue directly. To restate the simplistic example from the start of this text, I make the hypothesis that the developmental valence of a cultural matrix where the main television media dedicates a large part of its activity to selling "available human brain time" to a company advertising a famous fizzy drink is not necessary favorable to the cognitive development of individuals (possibly, an example of cultural adversity). Breaking with the tradition of my discipline in this way is high-risk from a scientific point of view, and also from an ethical one: the risk is of creating, involuntarily or voluntarily (ideological manipulation), hierarchies among populations belonging to cultural matrices where the developmental valence is irregular, which would be contrary to the agreement of all anthropologists, myself included, and, I presume, of the vast majority of scientists, about the psychic unity of humankind, within what is considered as normal inter-individual variability [START_REF] Tavor | Task-free MRI predicts individual differences in brain activity during task performance[END_REF]. The meaning that I give to the notion of "cultural matrix" should prevent this risk.

Cultural matrices.

What is culture? As we know, at least since Kroeber & Kluckhohn's seminal book (1952), the notion of culture is a veritable cornucopia for often incompatible definitions. So, tentatively, I substitute the notion of cultural matrix to that of culture. Like I said previously, a cultural matrix is a generative socio-physical configuration of a temporary stable deep sharing (i.e. behavior and representations) between individuals caught in the matrix. This form of sharing -in terms of everyday practices, ways of sensing, feeling, thinking, believing, etc. -, is not fixed although relatively stable because it results from a socially transmitted heritage specific to a particular socio-physical configuration. Each form of sharing is a cultural matrix, whatever the number of individuals who are sharing. This definition has the benefit of being operational. Indeed, when defined in this way a cultural matrix can be observed at very different levels: a family, a community, a company, a school, a village, a district, a region, a country, etc. So what are the relevant observation levels for evaluating the DVoCM? Are they all relevant? Should some of them be prioritized? Is the most relevant approach to combine several observation levels, from the most local level to the most global? This article can only be limited to the question. However, I shall already specify what I do not want to focus on. In cultural neuroscience, it is common to make comparisons between vast cultural matrices. Classically, scientists compare "Western culture" vs "East Asian culture" to try and find out, for example, if people have independent thinking or interdependent thinking of the self, or if they use analytical thinking or holistic cognition [START_REF] Nisbett | Culture and systems of thought: holistic versus analytic cognition[END_REF]. Without neglecting this work on putative culturally specific cognitive styles on a scale of immense cultural areas, the perspective does not seem to me to be the most relevant one. A cultural matrix identified on this scale can hide large internal differences (a good example is [START_REF] Talhelm | Large-Scale Psychological Differences Within China Explained by Rice Versus Wheat Agriculture[END_REF], who explains major psychological differences within China by rice vs wheat agriculture, or [START_REF] Uskul | Ecocultural basis of cognition: Farmers and fishermen are more holistic than herders[END_REF], who describes different holistic tendencies in Turkey in three types -farming, fishing, and herding -of communities that belong to the same national, geographic, ethnic, and linguistic regions). Consequently, the risk of overgeneralization and excessive essentialization is very high. Within what has been identified as a cultural matrix using a certain lens, a closer lens can identify a mosaic of matrices, some of which can be T+ and others T-. Furthermore, even within a cultural matrix observed at the smallest scale, the relationships with the cognitive abilities may be neither homogeneous nor constant: some factors can be T+ and others T-; across an individual's life, these factors can change; in contemporary societies, people are increasingly rarely monocultural, etc. My definition of the cultural matrix is far from perfect but it enables us to start the research. The preferred approach here is to start working on restricted groups and then to expand the scope if necessary.

What is "good," what is "bad"? What is a starting cognitive potential?

My distinction between T+ and T-no implies a normative conception of the cognitive (broadly speaking) development induced by the Theuth effect. To argue that T+ and T-exist induces two questions. "More" and "less" compared to what initial conditions of the brain? "More" and "less" compared to what normal development of the brain? In answering the first question, I want to emphasize three important points. Firstly, in the humanist perspective of social sciences, any society is a priori equal in dignity. Secondly, because the psychic unit of mankind [START_REF] Youn | On the universal structure of human lexical semantics[END_REF], any society is as rich in Pasteur and Palissy that another, as wrote Lévi-Strauss (1973:407), at least potentially (my addition). Thirdly, in the framework of this psychic unit, the controversial issue of cognitive inequality at birth is beyond the scope of DVoCM studies. One of two things: these inequalities either exist or they do not. In both cases, the issue remains unchanged. If, as is most likely [START_REF] Deary | Genetic contributions to stability and change in intelligence from childhood to old age[END_REF]Joshi et al. 2015;[START_REF] Okbay | Genome-wide association study identifies 74 loci associated with educational attainment[END_REF], inequalities exist, what is at stake is always to determine the DVoCM: does it induce gain or loss compared to the starting cognitive potential? If these inequalities do not exist, the challenge is the same. Even if human beings were like cognitive clones at birth, it would still be relevant to assess the DVoCM. In one case as in the other, the issue is whether the Theuth effect is positive or negative. However, the fact that our own intra-species variation in terms of individual cognitive abilities is beyond the scope of DVoCM studies must not hide a serious methodological difficulty. Since the objective is to find out if the DVoCM induces gain or loss compared to a "starting cognitive potential", it is essential to measure this potential as precisely as possible. Psychologists master a large number of methods, tests and techniques that make it possible to measure the cognitive resources of individuals. A possible research program will take stock of these, evaluate their relevance and also seek to develop new tools for improving the evaluation of starting cognitive potential (for example, tools integrating etic and emic data, objective and subjective parameters, quantitative but also qualitative criteria, etc.).

Let us consider the second question. Leaving aside pathological cases and mental disorders, do we have to presume that a "standard" or "normal" state of cognitive development exists? A relativist view would argue that a normally developed brain allows an individual to be perfectly adapted to her or his environment. So, the Inuit developed specific cognitive abilities in spatial cognition -until the arrival of GPS [START_REF] Aporta | Satellite Culture. Global Positioning Systems, Inuit Wayfinding, and the Need for a New Account of Technology[END_REF][START_REF] Milner | Pinpoint: How GPS is Changing Technology, Culture, and Our Minds[END_REF]) -which allowed them to orient themselves based on the ice-floe, something which people socialized in other environments would not be able to do. We can say the same thing for the waiters in Café de la Paix in Paris who are capable of memorizing long lists of orders. Of course, Inuit and waiters in the Café de la Paix have to use different cognitive aptitudes because they have to process different stimuli and information, but both seem well-adapted to their environment. So, from an anthropological point of view, the notion of a "standard" or "normal" cognitive development does not seem very relevant because its norms are relative in this domain.

However, this relativistic definition avoids two problems. Firstly, we can imagine a society perfectly adapted to its environment when we consider a certain temporal scale, but unadapted when we consider a longer temporal perspective. For instance, imagine talented human beings in an industrial country who have developed the best possible cognitive abilities in order to practice their activities. They can thus ensure an optimal lifestyle for their group (high GNP, reduction of conflict, demographic progress), but in the long term create such a strong anthropic pressure that their ecosystem would be condemned. Secondly, environments are always changing, particularly in a context of globalization and increasing human migrations. Therefore, we cannot affirm that a cultural matrix which shapes a brain that is very well adapted to a certain environment will always be able to allow that same brain to express all the potential of plasticity that would be necessary in the case of big changes in the environment (e.g. Collapse of civilizations, Diamond 2011). I will venture a definition of optimal cognitive development: it has this quality when it enables each individual to provide the best possible behavioral responses, whatever the diversity of the situations she/he copes with, particularly in the presence of those with which she/he never coped. The optimal cognitive development is one that has this protean capacity.

Here, we reach the nub of my argument. I argue that some cultural matrices, or that some components of these cultural matrices, can either favor this protean capacity (T+) or, on the contrary, curb it (T-) with, as a result, adaptive or counter-adaptive trends respectively. The DVoCM will be positive when the expectations, requirements and resources of this context enable the optimal exploitation by each individual of her or his starting cognitive potential, equal in extent and intensity: T+ is the flourishing of the cognitive abilities (cultural felicity). The DVoCM will be negative when on account of the expectations, requirements and resources of the cultural matrix, the starting cognitive potential of each individual is "cut down", "amputated" or, to use a metaphor, constrained as a bonsai, or when this potential is "funneled", that is to say one cognitive resource is overexploited to the detriment of others, for instance, rational thinking to the detriment of the emotional or sensory thinking: T-is the withering of the cognitive abilities (cultural adversity).

Things to do

This article presents a new field of research, which is designed to be hypothesis-generating in DVoCM studies, and to make in-roads in methodology. To achieve these general objectives, what should we do?

A critical literature and theories review.

The first goal is to identify and collect the most relevant literature about the notion of DVoCM in cognitive anthropology, developmental and cognitive psychology, cognitive neurosciences, cultural and social anthropology, cultural neurosciences, cultural psychology, ethology, social neurosciences, social psychology; to identify the different theoretical frameworks; to evaluate the limits and significance (analysis); and to make a synthesis of the reliable data published on the topic. This task will be long and complex because the literature on this question is not always consistent: small samples of convenience; frequent confusion between correlation and causation; WEIRD bias (see the following section); false-positive rates; over-generalizations of results; absence of replication; excessive simplicity of some neurobiological experiments, particularly the conceptualization and theoretical foundation of social behavior; confused metaphors; hazardous transposition to humans of experiments focused on rodents or non-human primates.

The choice of topics to be discussed in the literature review can be made on the basis of two types of criteria: either a well identified cognitive skill or a response to a social or theoretical question. In terms of the first criterion we could, for example, choose to discuss data relating to the faculty of memory or numerosity in literature and in various cultural matrices. However, when making these choices we must be careful not to create and fix a hierarchy of cognitive abilities. In fact, the list of these, which is both long and imprecise, cannot be exhausted in the framework of an item by item approach. The risk thus lies in reaching the conclusion that the retained cognitive abilities are the most important ones. If we consider the following abilities that, in literature, show a variability depending on the cultural matrix, how do we decide which should be favored to evaluate the developmental valence of such a context: aesthetic cognition (creativity, preferences, sensitivity), attentional processes (attention, mind wandering, shifting), discourse (argumentation, ability to synthesize, mastering language), emotion (empathy, expression, feelings, moods, preferences, representations), general cognition (categorization, causal inferences, cognitive reserve, concept formation, counting, curiosity, decision-making, doubt, epistemic norms, epistemic needs, imagination, innovation, intelligence, intuition, logic, memory, metacognition, reasoning (abductive, analogical, deductive, inductive, probabilistic, diagrammatic)), moral abilities (fairness, feeling of (in)justice, humour), perception (sensory processes, sensitivity, sensory dominance, sensory preferences), self-regulation (ability to cope with stress, autotelism (flow), doubt, risk-avoidance, resilience), social abilities (communication, cooperative behaviors, imitation, shared intentionality, social cognition, social learning, mind reading, tolerance), spatial cognition (navigation, way-finding), technical abilities (tinkering, tool use), temporal cognition (timing perception, planning for the future) etc. ? The goal is to reach a scientifically consensual definition of the cognitive abilities to be studied and determine if it is necessary to prioritize some of them in the perspective of evaluating the developmental valence of a given cultural matrix.

A second criterion for choosing the topics to be discussed is to respond to a social or theoretical question that covers various cognitive abilities. For instance, a current question is what are the cognitive effects of new technologies? Are they changing the way we think (Brockman 2011)? Are they producing wonders or wreaking havoc? For some researchers, new technologies are good; for others, they are bad. On one hand, [START_REF] Shermer | The Moral Arc: How Science and Reason Lead Humanity toward Truth, Justice, and Freedom[END_REF] argues that the growth of global information and communications networks has led to increasingly educated people, whose access to information undermines pseudoscience, by allowing people to judge for themselves. According to [START_REF] Storm | Saving-Enhanced Memory: The Benefits of Saving on the Learning and Remembering of New Information[END_REF], saving information on a computer helps to free up cognitive resources that can be used to remember new information. [START_REF] Fisher | The process of "self-organization" and of "swarm intelligence" in living organisms, from fish to ants to human beings[END_REF] argues that swarm intelligence can emerge from the web of interactions between individuals. On the other hand, [START_REF] Ophir | Cognitive control in media multitaskers[END_REF] have shown that, compared to light media multitaskers, heavy media multitaskers are more susceptible to interference from irrelevant environmental stimuli and from irrelevant representations in memory. Consequently, cognitive performance of chronic multitaskers declines on a test of task-switching ability. According to [START_REF] Carr | The Shallows. What the Internet Is Doing to Our Brains[END_REF], we process the immense stream of information provided by Internet in an increasingly shallow manner, with negative effects on attention and memory [START_REF] Spitzer | Digitale Demenz: Wie wir uns und unsere Kinder um den Verstand bringen[END_REF]. [START_REF] Bakshy | Exposure to ideologically diverse news and opinion on Facebook[END_REF] ask if Facebook works as a "bubble filter" and limits exposure to perspectives that cut across ideological lines. [START_REF] Dunbar | Social cognition on the Internet: testing constraints on social network size[END_REF] argues that social networking sites maintain relatively weak quality relationships and social cognition without face-to-face interaction. There is a broad agreement that a seemingly new psychiatric phenomenon termed hikikomori (acute social withdrawal of young Japanese) is a product of the affluence, technology, and convenience of modern Japanese life [START_REF] Watts | Tokyo Public health experts concerned about "hikikomori[END_REF]. According to [START_REF] Fisher | Searching for Explanations: How the Internet Inflates Estimates of Internal Knowledge[END_REF], searching for information online leads to an increase in self-assessed knowledge as people mistakenly think they have more knowledge "in the head," even seeing their own brains as more active as depicted by functional MRI images (a kind of overclaiming: [START_REF] Atir | When Knowledge Knows No Bounds: Self-Perceived Expertise Predicts Claims of Impossible Knowledge[END_REF].

Another example of a social question to be discussed is knowing about the cultural matrices of successful brain aging. By 2050 demographers predict that there will be as many old people in the world as young people, with 2 billion people aged 60 or over and another 2 billion under age 15. The number of people around the world aged 80 and above should show an increase from 69 million in 2010 to 379 million by 2050. In Europe, there are more people over 60 than under 15, and the number of people aged 80 and above is expected to almost triple in size, from 23.7 million in 2010 to 62.4 million in 2060.

The question is whether the extra years gained year on year in life expectancy will be mentally healthy years. What can we do in order to limit age-related cognitive decline -correlatively, to increase cognitive reserve -and elderly dependency? If we admit that "rust never sleeps," how can we avoid the rusting of our cognitive aptitudes? Can we identify cultural cognitive lubricants? From this point of view, what teaching can we draw from research into cognitive science and neuroscience, but also from the diversity of cultural representations and practices relating to human cognitive aging? A third and last example of a social question is to know whether closed societies or open societiesto use a Bergsonian and then Popperian distinction -offer the best DVoCM? The largest groups in terms of number and the most open [START_REF] Muthukrishna | Sociality influences cultural complexity[END_REF]) have more opportunities to innovate. Conversely, the forced or chosen closure of societies seems to be an obstacle to adaptative cultural evolution [START_REF] Diamond | The Tasmanians: the longest isolation, the simplest technology[END_REF][START_REF] Henrich | Demography and Cultural Evolution: How Adaptive Cultural Processes Can Produce Maladaptive Losses-The Tasmanian Case[END_REF], to taking cognitive risks, and to coping whith doubt. According to the 2003 report on development in Arabic countries (UNDP & RBAS 2003), on average only 4.4 translated books per million people were published in the first five years of the 1980s (less than one book per million people per year), while the corresponding rate in Hungary was 519 books per one million people and in Spain 920 books. If we admit that translation of books is one of the important channels for being exposed to new knowledge, does this lack of opening not risk altering the DVoCM?

These are only a few examples of the diversity of the questions raised by DVoCM studies. We can consider many others. Is it possible to articulate the Theuth effect with the issue of the critical periods [START_REF] Stuart | Adult cortical plasticity depends on an early postnatal critical period[END_REF][START_REF] Wiesel | Extent of recovery from the effects of visual deprivation in kittens[END_REF] in child development? How do we currently measure cognition (inventory and assessment of psychological tests)? Is the Theuth effect linear or non-linear throughout development over the life-span? In cultural matrices, does the high developmental valence for some cognitive abilities limit the developmental valence for other cognitive abilities as, for example, a reduced response to faces could translate into poorer face-processing skills among expert mathematicians [START_REF] Amalric | Origins of the brain networks for advanced mathematics in expert mathematicians[END_REF]; Ansari 2016)? Can we identify prototypical cognitive trajectories, prototypical cognitive niches or prototypical cognitive arenas of T+ or T-? Can some very specific cultural matrices boost brain power and be super-enhancers of cognitive abilities [START_REF] Sheridan | The effects of environment and ownership on children's innovation of tools and tool material selection[END_REF])? What about "collective" or "swarm" intelligence [START_REF] Kurvers | Self-organized flexible leadership promotes collective intelligence in human groups[END_REF][START_REF] Muthukrishna | Innovation in the collective brain[END_REF]? What are the effects of information overload (Candau 1998b), or of the "Cambrian explosion » coming for robotics [START_REF] Pratt | Is a Cambrian Explosion Coming for Robotics[END_REF]? Can the knowledge of the DVoCM help psychiatrists to better detect the pathogenesis of human-specific mental disorders? Does the Theuth effect vary by gender? Is it always possible to distinguish between natural environmental causes and social causes or cultural causes of the cognitive development [START_REF] Mathew | Behavioural variation in 172 small-scale societies indicates that social learning is the main mode of human adaptation[END_REF]? What are the cognitive effects of civilization (in the Eliasian sense) of social interactions or of their brutalization? What are the effects of the density and quality of social relations? Of the strength of social norms (Gelfand et al. 2011)? Of a totalitarian cultural matrix [START_REF] Voigtländer | Nazi indoctrination and anti-Semitic beliefs in Germany[END_REF]. When, in a given cultural matrix, political or cultural choices are made in terms of cognitive development, is there a ratchet effect, i.e. the probability increases that if the first choices are good the following choices will be even better and that they will be worse if the first choices are bad? What are the consequences for our cognitive aptitudes (for instance, the brain sensitivity to social stress) of the urban lifestyle (Alcock et al. 2014;[START_REF] Lederbogen | City living and urban upbringing affect neural social stress processing in humans[END_REF], now shared by over half of the world population? When and why the group self becomes more important than the individual self (Ellemers 2012; Jacquet 2016)? What cognitive mechanisms are not shaped by the cultural matrix? etc.

Integration of non-WEIRD data.

A characteristic of brain and behavior studies is the under-representation of human cultural diversity. According to a survey [START_REF] Arnett | The neglected 95%: Why American psychology needs to become less American[END_REF] of the top psychology journals, 96% of the participants in psychological studies were from Western industrialized countries -which house just 12% of the world's population. People from Western, Educated, Industrialized, Rich and Democratic (WEIRD) societies -and particularly American undergraduates -are the vast majority of subjects in psychological studies, as they are probably some of the most psychologically unusual people on Earth [START_REF] Henrich | The weirdest people in the world?[END_REF]. In order to avoid this bias, and thus get a robust definition of the DVoCM and of the Theuth effect, we have to integrate data gathered from ethnographic surveys in various cultural matrices.

Indeed, in a non-WEIRD approach, it is important to reconsider the ways in which cognitive abilities are conceptualized in different cultural matrices, because we only have a very rough idea of the criteria that could enable us to measure the DVoCM. For instance, [START_REF] Berry | Cross-Cultural Psychology. Research and Applications[END_REF] have shown that the words used by the Cree Indians to define intelligence are rendered in English by wise, respects, respectful, listens, pays attention, thinks hard, thinks carefully. These words constitute the core of what the Cree Indians understand by "thinking well." Integrating this type of ethnographic data will make it possible to demonstrate new viewpoints about cognitive abilities and reach a definition of the notion of developmental valence that is more representative of cultural diversity. Consequently, in different cultural settings, we need to investigate the representations of these cognitive abilities, and of the cognitive wellbeing (tentatively defined as the feeling among people of a cognitive development according to needs), with the goal of gathering indicators of these representations at different stages of life. The objective is to give many contrasting examples of relevant emic data for the topic. For instance, in an Andean community, how is being smart conceptualized? For students in a Moroccan Koranic school, what is a "well-tuned brain" [START_REF] Whybrow | Neuroscience and the Life Well Lived[END_REF]? In a French charitable organization, which cognitive aptitudes do people consider as worthy of value?

A World DVoCM Report?

Besides GNP data, we have observatories for health (World Health Report) and for happiness (World Happiness Report). The Human Development Report has an Education index for 187 countries, and The Inclusive Wealth Report 2014 focuses on education in nearly 140 countries (the selection is expected to cover around 96% of the world's population). Some researchers are trying to assess the "knowledge capital of nations" [START_REF] Hanushek | The Knowledge Capital of Nations: Education and the Economics of Growth[END_REF]. We have access to a Global Youth Wellbeing index and there is now a Social Progress Index, which measures the social progress of each country (133 in 2015). The OECD, for its part, established a historical indicator of "global well-being" from 1820 to the present day, which compares salaries, life expectancy, education level, health, size, quality of the environment, personal safety, inequalities between men and women and political institutions. The notion of Gross National Happiness was introduced in the 1970s in Bhutan. I already mentioned the World Development Report 2015, subtitled Mind, Society, and Behavior. However, we have nothing that could be called a World DVoCM Report, which would evaluate the developmental valence of the various cultural matrices in the world. Does it make sense to create an observatory for the DVoCM? This issue may be part of the agenda of the DVoCM studies.

CONCLUDING REMARKS: WHY DO I THINK THAT DVOCM STUDIES ARE RELEVANT, TIMELY AND NECESSARY?

Nowadays, our species can act upon itself with a power that was still unimaginable a few decades ago. We perform increasing work on our genes (genetic screening, genome editing, embryo engineering). We have a quite precise idea about the correlations or causalities between the socioeconomic context and physical health in the world. We even have robust hypotheses about the variables in mental health. On the other hand, almost everything still needs to be done in relation to the correlations or causalities between cultural matrices and the development of cognitive skills, without scientists and social protagonists really knowing what is going on. We have a weak understanding of how a cultural matrix contributes to the flourishing (cultural felicity) or withering (cultural adversity) of our cognitive abilities. The aim of DVoCM studies is to better understand what is going on, by making major and genuine breakthroughs in our capacity to evaluate the Theuth effect. Science must address this issue. Neglecting Theuth effect is damaging to cultural and social anthropology because DVoCM is an innovative perspective on cultural diversity. Moreover and most importantly, neglecting the Theuth effect has a widespread detrimental effect on contemporary societies. In places where the DVoCM is negative, our species cannot act to improve it. In places where it is deteriorating, our species do not know how to intervene to curtail it. Where it is positive, our species are neither able to monitor how it is maintained nor use it as inspiration for a model to try and apply it elsewhere. Furthermore, we have a tendency to reduce systematically to a strictly individual problem (dispositional orientations) questions that, to varying degrees, are also collective questions because they are linked to the DVoCM. If some people lack attention, empathy, logic, motor and sensory skills, or other social-cognitive behaviors, the causes can be individual, but they can also be environmental (DVoCM). This reductionism prevents us from providing the best possible responses. It prevents us from making the political and cultural choices that could enhance the capacity of our cognitive abilities to flourish. By contrast, the detailed study of the DVoCM should be productive. Countless historical and anthropological data leads us to believe that when, in a given society, the trend enhancing the development of the cognitive capacities is powerful, this society will run less risk of collapse than a society where we observe an inverse trend. In the global context of increased cultural exchanges, identifying and evaluating that which, in DVoCM, illuminates or obscure our brains and our minds is scientifically relevant. Considering both the huge power of human culture and the immense plasticity of our brain, a process that I coined HS 2 = N 2 (Homo sapiens sapiens = Nature*Nurture, Candau 2009), we certainly will verify that our genetic heritage is not our fate.

Glossary

Anthropic pressure: ecosystem changes due to human activity. Anthropocene: a proposed geological epoch, succeeding the Holocene, that begins when human activities started to have a significant global impact on Earth' ecosytems. Autotelism: theory or belief that an activity is an end in itself or its own justification. Axiological neutrality: in social sciences, describe and analyze social facts without making value judgments. Behavioural epigenetics: a field of study examining how the expression of genes is influenced by experiences and the environment to produce individual differences in behaviour and cognition. Critical period: period of development of an individual in which the nervous system is more responsive to environmental stimuli. If the organism does not receive the appropriate stimulus during this "critical period" to learn a given skill or to acquire a given trait, it may be difficult, or even impossible, to develop some functions later in life. Cultural adversity: when the developmental valence of a cultural matrix induces a loss compared to the cognitive potential of individuals at birth. Cultural and social neurosciences: a field of study examining how mental, neural and genetic events vary as a function of social and cultural characteristics. Cultural felicity: when the developmental valence of a cultural matrix induces an added value compared to the cognitive potential of individuals at birth. Cultural matrix: a generative socio-physical configuration of a temporary stable deep sharing (i.e. practices and representations) between individuals caught in the matrix. Developmental Valence studies: a proposed new field of study (in this article) examining the effect of cultural matrices on the development of human cognitive abilities, for better or worse. Emic (vs etic): in anthropology, a viewpoint is described as emic when expressed by the social group; it is described as etic when expressed by the anthropologist. Coined in 1954 by the linguist Kenneth Pike, the terms emic and etic are derived from the linguistic terms phonemic and phonetic respectively. Encephalization quotient (EQ): a measure of relative brain size defined as the ratio between actual brain mass and predicted brain mass for an animal of a given size. Epigenome: the chemical compounds that have been added to the entirety of one's DNA (genome) as a way to regulate the expression of all the genes within the genome. The epigenome can be dynamically altered by environmental conditions (see "Behavioural epigenetics"). Gene-culture co-evolution: a field of study examining how genes and cultural traits interact over long time periods. Gene-culture coevolution is a special case of "niche construction" (see this term below).

Information overload: when too much information prevents access to knowledge or decision-making. Matrilocal and patrilocal groups: a group is matrilocal when a married couple resides with or near the wife's parents; it is patrilocal when a married couple resides with or near the husband's parents. Methylation: the addition of a single carbon and three hydrogen atoms (called a methyl group) to another molecule. DNA methylation is an epigenetic process (see "Epigenome" and "Behavioural epigenetics") by which methyl groups are added to Deoxyribose Nucleic Acid (DNA). Microbiome: the collection of all the microorganisms (eukaryotes, archaea, bacteria and viruses) living in association with the human body. These microorganisms make up about 1 to 3 percent of human body mass. Neuroanthropology: a new discipline, considering both new findings in the brain sciences and anthropological data, and examining the relationship between culture and the brain. Neurogenesis: the growth and development of neurons, the process by which neurons are generated. Neuroplasticity: the brain's ability to reorganize itself by forming new neural connections throughout life. Niche construction: creation by a species of an important aspect of its environment, often but not always in a manner that increases its chances of survival, and transmission of this environment across generations (see "Gene-culture coevolution"). Numerosity: Intuition of numerical quantity in the human brain (a number sense). Protoculture: rudimentary cultures, without complex cultural technology, observed among non-human primates and other animal species. Protomemory: the whole systems of knowledge that automatically wake up at a given time: knowledge and behaviours acquired during early socialization, procedural memory, embodied knowledge, etc. Resilience: how some people adapt well over time to life-changing situations, adversity and stressful conditions. Secondary altriciality: the fact that a large portion of the brain's wiring develops over a long period of time while growing individuals interact with physical and cultural environment. This altriciality has social consequences: modern human children require many years of parental support. Secondary altriciality also influences the development of cognitive abilities [START_REF] Coqueugniot | Early brain growth in Homo erectus and implications for cognitive ability[END_REF]. Social genomics: the field of research that examines why and how social-environmental conditions (urbanity, socioeconomic status, social isolation, etc.) influence human gene expression (see "Behavioural epigenetics"). Sociotransmitters: all the human productions and behaviours that help to establish a social or a cultural cognitive causal chain between two minds. Metaphorically, sociotransmitters between individuals perform the same function as neurotransmitters perform between neurons: they promote connections. Swarm intelligence: the emergence of an "intelligent" global behavior among a population of individuals interacting locally with one another and with their environment. Synaptogenesis: formation of synapses (morphologically distinct subcellular junctional structures) between neurons in the nervous system. Theory of Mind (or mind reading): the cognitive capacity to attribute mental states to others, and to understand them as intentional agents. Whorfian perspective: according to the American linguist Benjamin Lee Whorf, the structure of a language determines what the individual perceives in this world and how she/he thinks about it. 
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For the sake of simplicity, I will use the terms "cognitive abilities" or "cognitive skills" to include all of these information processing modes.
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