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We have now survived the first decade of what Craig Venter and Daniel Cohen (2004) have called ''the biological century''. No longer overshadowed by philosophy of physics, philosophy of biology has finally acquired a prominent status in the philosophy of science.
In The Evolved Apprentice, celebrated Australian philosopher Kim Sterelny pushes the boundaries of philosophy of biology into new territory by exploring its relations with archaeology, paleoanthropology, and ethnography. Drawing on previous work on niche construction (2010), which emphasizes  the role of the milieu in supporting, nurturing, expanding, and amplifying our cognitive abilities, Sterelny now proposes an empirically-informed theory of the evolution of human cognitive functions and of human social behavior that holds together ecological cooperation, socio-cultural learning, and environmental scaffolding to offer us a trans-generational, fully developmental account of the origin and evolution of our minds. There are several important ideas in this treatise, but two deserve a special mention. One is the assumption that human evolutionary changes are reliably boosted by positive feedback loops (Sterelny resists the hypothesis that there are single key innovations capable of fully explaining human cognitive evolution); the other is the belief that our cognitive tasks impose a high information load and our abilities deal with that load in adaptively structured, culturally enriched learning environment. The combination of these two ideas  provides the basis for the development of the kernel of Sterelny’s apprentice learning model (more on this below), explains why humans have been evolutionarily successful and for the author also constitutes what renders our species cognitively special.

In the first part of this review  I quickly run through the book’s content. I then turn my attention to one of its main themes: the relationship between massive modularity as proposed by evolutionary psychologists Cosmides and Tooby (1994) and the apprentice learning model. I investigate the dialectic between these two different accounts of the evolution of human cognitive behavior and argue (in agreement with Sterelny) that the apprentice model is to be preferred. I conclude this review by speculating on the possible profitable connections between the apprentice model and the extended mind thesis (EMT henceforth).

Book Summary
In chapter 1, Sterelny compares the evolutionary trajectory of great apes with that of human beings. The former, he notices, are broadly similar in ecology and behavioral patterns to their ancestors of five million years ago;  the latter instead have undergone profound and pervasive changes that have altered their morphology, habits, foraging strategies, and social behavior (p.1) causing them to drift away from their ancestors’ evolutionary path. In this chapter Sterelny explores the reasons for this great phenotypic divergence. To explain the striking contrast observed in social life and ecological style between hominin and chimps, and the dynamism and connectedness of hominin evolutionary environments (p.4), Sterelny appeals to cultural inheritance (the generation by generation accumulation of information) and to cooperative foraging (the process by which individuals in groups receive access to food and other resources necessary for survival by working together). Sterelny emphasizes the roles of coordination (active joint action), communication, care, and skill in cooperative foraging and then goes on to discuss cooperation in relation to the Machiavellian version of the Social Intelligence Hypothesis
 (p.6) and with respect to Modularity. Sterelny uses the idea of positive feedback loops generated by cultural scaffolding via incremental learning to argue against the need of any “master adaptation” and to undermine any view in evolutionary psychology that describes our cognitive capacities as fixed in stone and pre-determined at birth. 
The author then introduces (ch.2) a basic understanding of hominin cultural inheritance, which he calls “the apprentice model” (p.34), and briefly highlights its crucial virtues. The apprentice model emphasizes the role of expert teachers in designing and constructing adaptively structured, highly organized and enriched environments that favor skills transmission as a by-product of adult activity (p.37). As such the model refers to a form of incremental, deinstitutionalized, and hybrid learning that combines information from the cultural world with information from the bio-physical realm and makes it increasingly reliable via constructive feedback loops. According to Sterelny the apprentice model possesses four key virtues: 1) it identifies a form of learning that can be assembled incrementally, 2) it can be used to support high-fidelity, high-bandwidth knowledge flow, 3) it fits ethnographic data well, and 4) it illuminates the human archaeological record (pp. 35-36). Having illustrated the virtues of his proposal though a series of examples involving craft skill transmission, imitation, teaching and immersion in apprentice-style situations and institutions
, Sterelny then goes on to show how his model can shed light on a number of long-standing controversies in archaeology and paleoanthropology (pp.45-46). In chapter 3, Sterelny thus assesses the explanatory power of his apprentice model with regard to the problem of behavioral modernity. The problem of behavioral modernity is the problem of justifying the cognitive and behavioral gap between us and earlier members of our own species. So, it is the problem of explaining why suddenly our ancestors developed cultural and cognitive capacities that their own ancestors - creatures biologically the same as them and us – did not have. Sterelny argues that behavioral modernity is neither a coded nor a canalized feature of individual phenotypes; but rather a long-term effect generated by the continuous process of construction and scaffolding of the human learning niche (pp.47-48). Sterelny then offers an account of the replacement of Neanderthals by Sapiens that does not exclusively rely on intrinsic differences between species (the capacity to adapt to unfavorable environmental conditions, for instance) but is grounded on large scale, deeply enculturated, individual-group interactions (p.62). 
In Chapter 4, the author narrows the focus of his attention and connects the notions of cooperative foraging and information pooling previously analyzed with other aspects of the human cooperation syndrome (p.73). The main thesis of the chapter is that cooperation generates profits and surpluses among the groups that adopt it, and thus makes easier “the development of better technology and more extensive expertise” (p.76), thereby favoring the groups’ biological fitness in the long run. This thesis is tested against the Grandmother Hypothesis (Hawkes 2003). Proponents of the Grandmother Hypothesis are generally skeptical about the idea that human evolution is driven by cooperation and extensive social learning and rather describe “hominin life history changes as a side effect of increased body size” (p.80). In this chapter, Sterelny defends a modest version of the Grandmother Hypothesis, according to which grandmothering (or reproductive collaboration) evolved in a milieu of other forms of care, which probably included informational and ecological cooperation (p.87). The chapter ends with an interesting account of hunting (p.94). Proponents of the Grandmother Hypothesis typically describe this practice as a signaling activity, designed for social prestige and sexual access (p.96). Sterelny attacks this understanding and rather claims that hunting should be seen largely, though not entirely, as a provisioning activity (p.97-99). Chapter 5 focuses on free riders and cheats as potential destabilizing factors to the networks developed via cooperative foraging. Sterelny shows how free riding can be avoided by exercising forms of collective control/exemplar punishment (p.103) or by choosing reliable partners in long-term cooperative activities (p.105). The rest of the chapter is devoted to an in-depth investigation of the psychological mechanisms underlying defection, honesty and trust. Sterelny in particular analyses “actions and rituals that indelibly mark an agent, rendering his presumptive affiliations obvious to friend and enemy … and hence making it suicidal to defect”  (pp.119-120) (e.g., the Maori’s moko; or prison gang’s tattoo) as examples of strong commitment investment. Chapter 6 “describes the communicative capacities that made the central role of social learning in hominin life possible, and aims to explain the stability of information sharing in the face of potential defection” (p.126). In this chapter Sterelny addresses Dan Sperber’s trust dilemma (Sperber, 1997). Sperber has famously argued that we cannot afford not to trust, and we cannot afford to trust the faithless. On his view, we always try to maximize the benefits of informational exchange while minimizing the risks of cheating and deception. However, both cheating and deception are endemic; hence the dilemma of explaining how we can avoid them and why we trust people. In partial disagreement with Sperber, Sterelny claims that the trust dilemma is not ubiquitous and thus that cheats are not endemic. He argues that many information-sharing interactions are not seriously threatened by either free-riding or deceptive manipulations because humans have evolved ways of monitoring them (p.131) and then goes on to demonstrate that the apprentice learning model does not generate free-rider temptations (p.132 and 6.3).
Chapter 7 deals with moral nativism and with models of norm acquisition  that understate “the power of hybrid learning strategies in engineered learning environments” (p.152). Here Sterelny introduces the parallel between moral and linguistic cognition recently proposed by Mark Hauser (2006). In doing so, he aims at depicting the nativist position, according to which we possess a sort of “moral grammar”, in its strongest possible form. Having presented the nativist understanding in the most alluring way, he goes on to move some compelling criticism. Sterelny agrees with the nativists that our moral learning is somehow biologically prepared (p.155), but then offers an alternative model of norm acquisition in which the crucial adaptations are perceptual, motivational, and based on informationally re-engineered developmental environments (p.165). Sterelny supports a description of moral cognition that is grounded in biology; but refuses to invoke domain-specific principles to account for morality (p.169). In chapter 8, the author turns to the relations between groups of individuals and tackles, among others, the questions of whether 1) humans are strong reciprocators; and 2) cooperation within human groups in Pleistocene depended on frequent, often lethal, interband hostility (p.182). In partial agreement with Bowles and Gintis (2003), Sterelny accepts the first claim (p.180), that most people are default cooperators, but then rejects  the idea that raiding and war fuelled the evolution of mankind (pp.186-188). In other words, Sterelny acknowledges the possibility that violence and resentment were, throughout the Pleistocene, common ways of interacting with neighbors; he nevertheless doubts that these constituted the key to cooperation in early hominid societies (p.190). The chapter ends with a final overview in which the author 1) briefly lists the achievements that have been accomplished, 2) summarizes the overall structure of the argument proposed in the book, and 3) identifies some open questions that remain to be answered (p.197). 
Massive Modularity versus the Apprentice Model

Having described the contents of the volume, I now briefly turn to what I believe is one of its major themes: namely, the relationship between (massive) modularity and Sterelny’s apprentice learning proposal. Before I look at this issue in more details, let me however make a preliminary remark, which could help answering a potential objection. In the preface of the volume, Sterelny explicitly asserts that he does not want to do another critique of massive modularity (p. xii). On the basis of this assertion one could legitimately object that the relationship between massive modularity and the apprentice learning proposal does not qualify as a major theme of the book. I disagree with this objection and rather believe that this underlying tension not only constitutes a crucial tenet of the volume but also contributes to set up the benchmark for assessing its ultimate success. If Sterelny effectively rules out a modular understanding of his proposal, then the book can be said to succeed.
The Modularity of mind, in its strongest version, asserts that “all human minds reliably develop a standard collection of reasoning and regulatory circuits that are functionally specialized and, frequently, domain-specific. These circuits organize the way we interpret our experiences, inject certain recurrent concepts and motivations into our mental life, and provide universal frames of meaning that allow us to understand the actions and intentions of others“
 (Barkow, Cosmides, and Tooby 1992 p.3). On Barkow and colleagues’ account, the human mind is therefore neither a blank slate, nor an externally programmed general purpose cognitive tool; but rather a machine that is manufactured by adapted psychological mechanisms appropriately tailored over evolutionary time. For evolutionary psychologists (such as Cosmides and Tooby) we are thus born knowing how the world looks like and our minds are ensembles of innately equipped special-purpose cognitive modules, each of which is dedicated to solve a very specific problem with exceptional efficiency.
The apprentice learning model offers us a very different account of the neuro-cognitive mechanisms underlying the evolution of human social and cognitive behavior. Like the modularity hypothesis, Sterelny’s proposal embraces the idea that our minds are evolved learning machines; unlike its rival nativist counterpart however, the apprentice model highlights the role of adaptations in contexts of learning and teaching. For Sterelny, human evolution is not and cannot be (exclusively) driven by domain-specific modules, pre-determined responses to problems raised by the environment; rather, it must depend on social cooperation, hybrid learning, communication skills, foraging strategies, and on planning, development and intergenerational transmission of local expertise, and technology. Thus, unlike massive modularity, the apprentice learning proposal explains the development of human cognitive capital via high-volume, high-fidelity, large scale, reliable processes of cultural learning, and through cross-generation information pooling. A crucial role in the apprentice model is played by the notion of cultural inheritance - the generation by generation accumulation of information. Cultural inheritance is the result of the interrelations between cultural learning and information pooling. As the interrelations between these two processes develop, humans of one generation scaffold and transform the learning environment of the next generation, thereby creating (via positive feedback loops) trans-generational exchanging of skills and practices that ultimately turbo boost their survival capacity and fitness in the long run. Thus, in combining (via cognitive re-engineering) information from the social world with information from the bio-physical realm, the apprentice learning model configures itself as a process of learning by doing (via trials and errors). Unlike massive modularity, it therefore seems to be more encompassing and better suited to describe the human evolutionary trajectory because it is richly posed to explain competent response to complex evolutionary challenges.
The apprentice learning model seems fully compatible with embodied and distributed accounts of the human mind (such as the Extended Mind Thesis). Let me quickly wrap up this review with some considerations about the compatibility between these two approaches, quickly highlighting how Sterelny’s position towards EMT has changed over time.
The Extended Mind Thesis (EMT) asserts that mental states and cognitive functions may sometimes supervene on organized systems of processes and mechanisms that criss-cross the boundary of brain, body and world. [Clark (2008)]. EMT therefore aims at individuating “the specific conditions under which the material vehicles that realize cognition are distributed over brain, body and world in such a way that the external (beyond-the-skin) factors concerned are rightly accorded fully-paid-up cognitive status” [Wheeler (2010), p. 245], and cognitive systems are taken “as reaching beyond individuals into their physical and social environments”. [Clark and Wilson (2009), p.58]. The crucial idea underlying EMT is therefore that some of our cognitive processes can extend outside our heads. For EMT cognition doesn’t exclusively take place inside the biological boundary of the individual but, on the contrary, can arise in the dynamical interplay between neural structures, body and the wider world. As Sutton has put it: “external systems and other cognitive artifacts are not always simply commodities, for the use and profit of the active mind: rather, in certain circumstances, along with the brain and body which interacts with them, they are the mind” [Sutton (2010), p.190]. 
Sterelny’s relationship with extended mind theorists and with EMT more in general is an odi et amo affair. In 2003 and 2004 Sterelny had a very narrow view of EMT (mostly based on the parity principle
 and on its functionalist understanding); he was skeptical about the plausibility of extended cognition and even argued against it: “..while agreeing with Clark on the fundamental role of epistemic agency in explaining human rationality, I have reservations about his picture. Even when there is a reliable link between user and tool, there are important differences between internal and external cognitive resources...So I do not think it is helpful to think of epistemic artefacts as literally parts of the minds of the agents that regularly use them” (Sterelny 2004, p.249). More recently however (2010), thanks to Sutton’s criticism  (see Sutton et al.2010, especially pp. 536-538), Sterelny has come to appreciate that the functionalist understanding of EMT was not the only (and probably not even the best) way to characterize it and that another approach (the Complementarity understanding) was indeed needed to make complete sense of it
. 
According to this approach, different components of a softly-assembled system can play quite different roles and have different properties while nevertheless combining to make complementary contributions that enable flexible thinking and acting. To describe the evolution of our cognitive behavior the Complementarity understanding thus emphasizes the role  played by differently-influential causal processes within causally-interactive, richly multidimensional, holistic, and cross-generational systems. Having acknowledged the many analogies between Complementarity and his scaffolded view, Sterelny has subsequently edulcorated his ostracism toward extended cognition and openly conceded that his proposal can be compatible with EMT; proviso, of course, that EMT is correctly understood as embracing differences between the complementary of inner and outer . “I shall argue that extended mind cases are limiting cases of environmental scaffolding, and while the extended mind picture is not false, the niche construction model is a more helpful framework for understanding human action” (Sterelny 2010, p.465). In this book, the liberalization continues and Sterelny explicitly refers to Clark as a source of inspiration for his argument (see especially p.xii, but also p. 26 and p.129). Sterelny therefore seems to have become very close to EMT theorists, so close to be considered (almost) one of their allies. Perhaps the conversion into a fully embodied/extended theorist is not too far ahead? Perhaps it will be completed in the next book?  What is needed in order to fully accomplish such a conversion and thus consider Sterelny entirely onboard with extended mind theorists is probably an in-depth analysis of human brain plasticity and of how this relates to his apprentice model. 
Neural plasticity can be defined as the capacity of the brain to rewire itself in accordance to environmental stimulation. From neuroscience we know that our brains are incredibly plastic and that this plasticity, which extends well into adulthood, allows our brains to be shaped by our cultural environment and technological wetware to a much greater extent than any other creature. We also know that a large part of our distinctive intelligent behavior is the result of the enmeshing, on multiple timescales, of our on-board neural machineries with external resources. Brain plasticity is therefore a sort of pre-condition for extended cognition, enabling these resources to become incorporated into humans’ problem solving routines. Sterelny (in personal communication) has confirmed that he has been working on plasticity for this project but has decided not to include this material in the volume. I think that an in depth analysis (especially in relation to learning) of the various forms that plasticity can assume in socio-cultural contexts would have been extremely beneficial  for the development of his apprentice proposal and not finding such an analysis in the book is perhaps my only complaint about this excellent volume.

Conclusions
The Evolved Apprentice covers a number of interesting topics (including several ethical, metaphysical and epistemological issues in contemporary evolutionary thinking) and appeals to a variety of different disciplines (ranging from philosophy to paleoanthropology) to undermine massive modularity and to make a strong case for the apprentice model. As far as this reviewer is concerned, the volume ultimately succeeds in its goal.                                                                                                     

The book is written in a rigorous, yet reader friendly style with occasional drifts into jargon. At times amusing, it will surely be of interest to philosophers of science, cognitive anthropologists, as well as to psychologists and biologists of all kinds. The volume is thorough and does not at all shy away from conceptual complexity. However, Sterelny every now and then assumes a bit too much of his readers' knowledge about the different topics he covers in the chapters. For this reason, this essay seems to be better suited for an advanced audience (mostly constituted by either postgraduates or professional academics).The Evolved Apprentice is a book to be discovered and to be developed, a tome to struggle and engage with; a volume whose margins should not remain blank but must rather be filled with many doodlings and scribblings.
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� See Dunbar (1998), for instance. The Machiavellian version of the Social Intelligence Hypothesis “posits that large brains and distinctive cognitive abilities of humans have evolved via intense social competition in which social competitors developed increasingly sophisticated Machiavellian strategies as a means to achieve higher social and reproductive success” (Gavrilets and Vose, 2006, p. 16823).


� The examples discussed in the book are 1) the study of Islamic law in the nineteenth century (p.40); 2) the case of adze making in Irian Jaya (p.40); and 3) the production of Acheulian axes (p.41).


� For more recent understandings of the modularity hypothesis and for possible challenges to Sterelny’s criticism of modularity see Machery (2007); and Carruthers (2006). 


� In its original treatment the Parity Principle runs as follow: “If, as we confront some task, a part of  the world functions as a process which, were it done in the head, we would have no hesitation in  recognizing as part of the cognitive process, then that part of the world is (so we claim) part of the cognitive process”. (Clark & Chalmers 1998, p.2).


� It is very important to note that standard Complementarity themes are peculiar of Clark’s seminal works too (see 1997, 2003 for instance). So, the Complementarity approach was developed by Clark since the beginning; quite surprisingly, however, early critics of EMT (such as Adams and Aizawa 2001) haven’t picked up this theme and this might explain Sterelny’s initial opposition/misunderstanding. The idea of picking out Complementarity as a clear alternative route to EMT that differs from parity as well as the merit of shading light on the tension abovementioned should however be fully ascribed to Sutton (2002,2010).





