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  PREFACE


  This book has been a long time coming, and what has finally arrived bears little resemblance to the manuscript I first planned. This book started life as a monograph on the methodological challenges facing cognitive ethology. Something happened, and instead it has mutated into an exploration of the evolution of cognition, especially human cognition.


  In the work as it is now, there are four projects. One is to develop and vindicate a set of analytic tools for thinking about cognition and its evolution. A second is to develop a substantive theory of the evolution of human uniqueness. We are cognitively, socially, and sexually very unlike the other great apes, despite our relatively recent separation from their lineages. I argue that human social and cognitive evolution is the result of the operation of unusual evolutionary mechanisms. The third project is to explore, from this evolutionary perspective, the relationship between folk psychology and an integrated scientific conception of human cognition. What emerges from this exploration, I think, is a qualified and partial defense of the idea that folk psychology identifies some fundamental organizational features of the human mind. The folk have got something important right about how our minds work. But they have not got as much right as, for example, Jerry Fodor and Fred Dretske have supposed. This view of the status of folk psychology presupposes a particular conception of how and why human minds have evolved, and hence this third project depends on the second. A fourth is to develop a critique of, and an alternative to, nativist, modular versions of evolutionary psychology.


  These themes are developed over three stages. Part I introduces the tools, and uses them in articulating a natural history of belief and preference. By the end of chapter 5, I hope I have developed a speculative but plausible evolutionary history of belief-like and desirelike states. In doing so, I hope to show that these fundamental categories of folk interpretative practice latch onto organizational features of our minds.


  


  "Belief-like" (and "desire-like") are somewhat weaselish expressions, and I confess to using them advisedly, to dodge controversies of which I want no part. On some views, the folk have a very rich, if implicit, theory of the nature of belief and preference, a theory that specifies very rich functional, inferential, and epistemic roles. While I have an account of the evolution of cognitive states and a cognitive architecture that approximates these roles, that approximation is rough. Suppose that my picture of the evolution of the mind turns out, miraculously, to be true in every detail. To settle (say) whether my "decoupled representations" are really beliefs, we would need both a well-developed account of those folk commitments about belief, and a theory of reference for folk psychological vocabulary telling us the extent to which folk psychology's vocabulary depends on the accuracy of folk psychology's picture of the mind. While I have views on these matters, they are not the focus of this book. If my evolutionary scenario pans out, my suggestion is to think of the relationship between decoupled representation and belief as analogous to that between contemporary evolutionary accounts of species and speciation, and folk biological species concepts. Though the concept varies somewhat from culture to culture, all cultures, it seems, have a species concept (see chapter 10). While these concepts are embedded in false pictures of the natural world, and are incomplete in various ways, they clearly latch onto an important, robust feature of the natural world. The evolutionary species concept (and the theory of which it is a part) explain the phenomena to which that folk concept is an at least partially correct response. Likewise, I suggest that decoupled representations are cognitive states that are (partially) responsible for the phenomena to which the folk concept of belief is an at least partially correct response.


  Part II develops an explanation of the unique aspects of human evolution. As such, it involves no direct discussion of the third project: the relationship between folk theory and a biologically informed theory of the human mind. But in developing such a biologically informed picture, part II is foundational both to that project and to the forth project of developing an alternative to nativist evolutionary psychology. It begins with a defense of the idea that we can go beyond mere storytelling to develop a testable theory of hominid cognitive evolution. It goes on to identify three factors whose confluence makes human evolution distinctive. We are an extraordinarily cooperative species, and group selection has been very important in hominid evolution. So too has selection for developmental plasticity. And so too have hominid capacities for modifying our environment and that of our offspring. To a considerable extent, hominid selective landscapes are the product of the actions of earlier hominids. We have largely made the worlds in which we have lived. Individually, none of these factors is restricted to our lineage. But their combination is uniquely hominid, and that combination explains our distinctive evolutionary trajectory.


  


  Part III further develops this picture, partially in critical contrast with the received wisdom of evolutionary psychology. Chapter 10 is largely, though not solely, a critique of massively modular views of our mind and its evolution. Chapter 11 is largely, but not solely, the application of my picture of human evolution to debates about our theory of mind. One thread that runs through these last two chapters is a rejection of the example of language as a model for thinking about human cognitive capacities. Despite Chomsky's indifference to evolutionary issues, massively modular theories of mind owe their inspiration to his theory of language. While I have no special quarrel with that theory, I argue that it is an extremely misleading template for thinking about cognition more generally. One way humans structure their environment is by structuring the learning environment of their offspring, and in some cases this environmental structuring explains the rapidity and resilience of the development of special skills - a rapidity and resilience that nativists put down to internal endowment.


  Books are hard to write, and most people who write one get a fair bit of help. I certainly did, and it is a pleasure to publicly thank those who have helped this book move from the possible to the actual. My biggest intellectual debt, without doubt, is to Peter Godfrey-Smith. He has read the whole manuscript; indeed, he has read quite a lot of it in several versions. His feedback was thoughtful, extensive, helpful, and usually annoyingly right. This is a far better book as a result of his interventions. It would probably be better still if I had accepted even more of his advice. Others have read chunks of the draft and responded helpfully: Matteo Mameli, Thomas Suddendorf, Philip Gerrans, Colin Allen, Brett Calcott, Ian Ravenscroft and David Sloan Wilson. In addition, I inflicted a pretty rough draft on the students of Caltech early in 2002, and Jim Woodward and Fiona Cowie, who attended those classes, helped filter sense from nonsense. Thanks too to Caltech for proving such a helpful institutional basis at the beginning of this year as the draft moved from the unreadable to the merely rough. Chapters were turned into papers, and these were inflicted on the Australian and New Zealand versions of the Australasian Association of Philosophy conferences, and also on audiences at Victoria University of Wellington, the University of Illinois (Chicago); Rutgers University, and Florida State University.


  


  My support has been institutional as well as individual. This project began while I was a full-time member of staff at Victoria University of Wellington, and the philosophy program there was and remains a civilized and encouraging place to work in my highly empirical way on philosophy. That program provided me with the financial resources, early in the project, to hire research assistance to help me sort through the mountain of relevant literature. James Maclaurin, Russell Brown, James Mansell, and Ben Jeffares all helped greatly on this, in the end, impossible task. Though the foundations of the manuscript were laid down in the mid-nineties, the writing really gathered momentum only after I became a half-time member in the philosophy program of the Research School of the Social Sciences at the Australian National University. That program at that institution is a wonderful place to do philosophy, and the final two drafts of Thought in a Hostile World were written here, in Canberra.


  A final debt is personal. I now have a four-year-old daughter, so coming to Canberra for the last six months of every year throws a great burden on my partner, Melanie Nolan, whom I leave behind with Kate. Melanie has a research life of her own, and pursuing that life while having sole charge of Kate is clearly far from easy. My freedom to come to Canberra and focus on research depends entirely on her tolerance, her generosity of spirit, and her resilience. As a small public thank you, I have dedicated this book to her.


  Kim Sterelny,


  Canberra,


  November, 2002


  


  
    
  


  PART I


  ASSEMBLING

  INTENTIONALITY


  


  
    
  


  1


  EVOLUTIONARY

  NATURALISM


  Successful fanners hazke social relations zeitlr one auollrer, while huuter- Catherers lrai'e ecological relations o'ith hazelnuts.


  Quoted in C. Gamble, The Palaeolithic Societies of Europe (1999), p. 2.


  1 .1 Two Projects of Evolutionary Naturalism


  Philosophy is not a natural science, but philosophy is intimately connected with the natural sciences, for one of its roles is integrative. All animals are biochemical machines with complex sensing and control systems. These systems enable those agents to adapt their behavior to the contingencies of their environment. To understand the distinctive features of our own control systems, we need to integrate the neurosciences and cognitive psychology with evolutionary biology, especially human behavioral ecology. For to understand the operation of complex systems, it is usually necessary to understand their function (Marr 1980). That task is hard, for historical processes destroy evidence about their own causes. Understanding the history of human cognition is especially difficult, for humans are most unusual primates. We are technically proficient, physically modifying our habitat in innumerable ways. Humans are encultured primates, and have been encultured as long as we have been human. As such, we are extraordinarily cooperative. For hundreds of thousands of years humans have lived by collective action. Moreover, we do not just live in groups, we are marinated in the material, behavioral, and informational products of our culture. Those social products profoundly influence our actions (Mithen 1996h; Tattersall 1998; Gamble 1999). We are sexually Unusual, for we combine social life with paternal investment in children and fairly stable bonds between mated pairs. We use language, an extraordinarily complex and subtle communication system. We have invaded almost every terrestrial habitat, and almost every region of the earth. Our behavior is strikingly variable over space and time. Thus human behavior is plastic and adaptable, and we have complex and subtle systems through which we register features of our environment and control our actions. I shall argue that we are unusual not just in our behavior and distribution; we have been built by unusual evolutionary mechanisms. For both group selection and nongenetic inheritance have been of profound importance in human evolution.


  


  Thus one integrative project is internal to the sciences: it is the project of assembling a coherent theory of human agency and human evolutionary history from the fragments provided by the natural and the social sciences. This project will be one theme of this work. I shall call this set of facts, the ones that explain our behavioral plasticity and adaptability, the "wiring-and-connection" facts about human agency (for this terminology, see Godfrey-Smith 2002). This set includes facts about our internal organization (the wiring facts) and the facts about how that organization registers, reflects, or tracks external circumstances (the connection facts). But it also includes the evolution and development of our wiring and our connections to our world.


  In pursuing this integrative project in part I, I shall sketch some ideas on the cognitive foundations of human uniqueness. I shall focus on the evolution of decoupled representational capacities: that is, the evolution of capacities to track features of the environment where that tracking capacity does not drive a specific behavioral response. And I shall discuss the evolution of motivational mechanisms that are not based on drives and sensations. In part II, I'll discuss the evolutionary mechanisms responsible for the transition to human cognitive capacities, and in part III the aim is to develop an alternative to currently influential "massively modular" theories of human cognitive architecture. To put it mildly, this whole discussion is both tentative and gappy: the main aim is to foreground issues and ideas that have been underplayed in current debates.


  This internal integrative project coexists with an external project that will be rather more familiar to philosophers. Economics, anthropology, archaeology, and the other social sciences see humans as essentially social and encultured agents. These social sciences and the information they provide are central to the internal project. But it is also important that those social sciences typically depend on ideas of human agency that are refined versions of our folk self-conception. For science does not have to construct from scratch a theory of human agency. We inherit a picture of that agency as part of our common culture. Our inherited picture portrays us as self-aware, more or less rational agents. We are intentional agents, and our actions are a reflection of our thoughts and preferences. It is this picture that the social sciences have inherited and modified.


  


  Since we act, and are acted on, in both cultural and ecological communities, there must be some way of synthesizing human behavioral ecology with the social sciences. We are social as well as ecological agents, and a coherent account of human nature must weld together evolutionary-scientific and social-scientific conceptions of human agency. But it does not follow from the fact that we are both social and ecological beings that an integrated biocultural theory of human agency will vindicate anything like our folk self-conception. Our folk conception may be a self-deceiving view of human agency, so the external project is to explore the extent to which our folk conception, both on its own and as it has been integrated within the social sciences, can be integrated with a scientific conception of human agency. This external project presupposes the internal one. We cannot make much progress in answering the question "How do our folk conceptions relate to a scientific conception of agency?" unless we have a sketch of that scientific conception in play.


  1 . z The Simple Coordination Thesis


  Folk psychology is both rich and varied. It provides us with ways of thinking and talking about sensations, emotions, character traits, perceptions, and thoughts. But it is often supposed that the core of folk psychology is intentional psychology: that is, the prediction and explanation of the actions of agents in terms of their conception of the world (how they believe their world to be) and their preferences (how they want their world to be). Belief/preference explanation is apparently ubiquitous in human social life. We use it to understand our own behavior: I hung around after that appalling talk because I thought the department chair would have free drinks in his office. And we interpret the actions of others that way: he went to the party because he wanted to ask the new girl out.


  The concepts of belief and preference, feelings and emotions, moods and character states, may describe our cognitive architecture well, badly, or not at all. However that turns out, we do use these conceptual categories to interpret others. These interpretative practices play an absolutely central role in human social life. Let's call the set of facts about our folk concepts "the interpretation facts" (Godfrey-Smith 2002). The external integrative project, then, is to understand the relationship between the wiring-and-connection facts and the interpretation facts. Since the publication of Jerry Fodor's The Langiiag>e of Thought in 1975, contemporary philosophy of psychology has been dominated by a bold and optimistic hypothesis about this relationship: the Simple Coordination Thesis. This hypothesis is motivated by three thoughts. First, we are very complex agents with subtle mechanisms of behavioral control. Second, despite our complexity, we are apparently quite good at predicting and explaining one another's actions. Third, as just noted, all normal humans inherit as part of their common cognitive stock a set of interpretative concepts. Perhaps the third of these facts explains the second despite the first. This is the hunch of the Simple Coordination Thesis, for it claims that: (a) Our interpretative concepts constitute something like a theory of human cognitive organization: they are a putative description of the wiring-and-connection facts; (b) Our interpretative skills depend on this theory, and our ability to deploy it on particular occasions; (c) We are often able to successfully explain or anticipate behaviour because this theory is largely true.


  


  The Simple Coordination Thesis makes three crucial bets. The first is on a picture of the internal architecture of the human mind. There is a good deal of controversy about its commitments, but at a minimum the Simple Coordination Thesis is committed to the idea that the cognitive system of human agents has two subsystems. One has the function of registering states of the world as it is and as it might be. Another functions to register and rank the way the world could be changed. Moreover, these registrations of possible changes motivate the agent; they are goals. One system is described by our belief attributions and the other by our goal attributions.' The thesis is also committed to a second bet: the idea that the contents of these subsystems, and their consequences for behavior, are partially identifiable by other agents. In general, the registration-and-goal states of other agents are not inscrutable, and deducing their consequences for others' actions is not computationally intractable. Hence particular applications of intentional psychology - particular interpretations - are often correct. Though fallible, we are good at specifying the particular states of that architecture in ourselves and others. Third, it is committed to a particular view of the relationship between internal states of the agent and the world. It is part of the folk picture that thoughts have content. A preference is satisfied or not satisfied. A belief is true or false. A belief is about something; Peter, for example, believes that spiders are dangerous, and that is a belief about spiders. The Simple Coordination Thesis needs a view of how this aspect of our interpretative practices - talk of meaning or content - is related to the wiring and connection facts. According to the Simple Coordination Thesis, meaning is a specific connection properti/ of the wiring-and-connection facts, though different versions of the hypothesis give different accounts of the nature of that connection.


  


  The Simple Coordination Thesis has not generated a consensus in its favor. Instead it has spawned many versions and much skepticism. The Churchlands argue that though the interpretation facts purport to describe the wiring-and-connection facts they do a horrible job. Dan Dennett argues that the interpretation facts do not have the function of describing the internal organization of agents. Instead, in a rough but useful way, they specify behavioral dispositions of agents while being neutral on the categorical basis of those dispositions. More recently, defenders of simulation theory have attempted to drive a wedge between our interpretative conceptual apparatus and our actual skills of action anticipation. So sceptics abounded, and friends of the hypothesis did not talk with one voice. Even so, the idea in some form or other has dominated philosophy of psychology for the last quarter-century, and with important results.


  Sad to say, those results have not yet included a vindication of their crucial bets. One possibility, of course, is that we have not been trying hard enough for long enough. But we need to take seriously the possibility that the relationship between the two sets of facts is much less clean than the Simple Coordination Thesis supposed. One way of evaluating this possibility is to place the thesis in an evolutionary context. That is my strategy, despite the fact that the Simple Coordination Thesis is not in itself an evolutionary hypothesis. It is primarily a hypothesis about the proximal mechanisms of human action. Nevertheless, evolutionary considerations can be part of a total package of evidence in favor of a proximate hypothesis (see, for example, the final chapter of Sober and Wilson 1998).


  


  Moreover, evolutionary considerations are of especial relevance to hypotheses about our abilities to interpret each other's actions. For there is an important contrast between the set of conceptual tools that we use both to understand and to manipulate causal processes in our physical environment (folk physics) and those we use to interpret others. We use our folk physics whenever we make a simple tool. We use it when something is blocking a pipe, and we pick and strip a branch to break the obstruction; or when we make a simple walking stick from a branch while out bush-walking. In such physical interventions, we are unreflectively attuned to such factors as the length, rigidity, weight, and thickness of the branch; of the size, strength, and depth of the obstruction, and so forth. Our awareness of such properties, of their significance and interactions, is crucial to our capacities to intervene in, and remake, our physical environment. Folk physics, like folk psychology, may be a unique feature of hominid cognition (Tomasello 2000; Povinelli et al. 2000). And it is clearly of great importance in human lifeways. But the domain of folk physics - the macroscopic physical properties of objects - is unaffected by our having a theory of those properties. The trajectories of thrown rocks will not change, however well or ill we understand those trajectories.


  That is not true of the relationship between folk interpretation and the wiring-and-connection facts. On operational, developmental, and evolutionary time scales there are interactions between the cognitive organization of agents, and how others interpret, respond to, and predict their actions. In particular, there are coevolutionary interactions between agents and interpreters; between the actual cognitive organization of an agent, and others' pictures of that organization. If human social organization were to have a fundamentally cooperative dynamic, we would expect that interaction to increase the accuracy of agents' interpretative practices (chapter 11.4). Indeed, the very fact that others interpret our actions and act on those interpretations may have shaped our cognitive systems in ways that make those interpretations more apt to be right (Mameli 2001). Other coevolutionary scenarios have contrasting implications for the chances that our intentional interpretation is a reasonably faithful picture of the facts of wiring-and-connection. Thus our picture of the fundamental dynamic of human social evolution has direct implications for our assessment of the reliability of interpretation.


  The evolutionary perspective developed in this book has been an increasingly prominent element of the internal project, but it has been largely missing from the external project. This claim might seem surprising to those familiar with the last 20 years or so of debate about meaning: debate about the relationship between the folk notion of meaning and the wiring-and-connection facts. For much of this debate has been funneled through a few specific animal examples. It is hard to find a paper on representation that is not ostensibly about frogs and their thoughts about flies. Moreover, on one prominent account, frogs' thoughts are about flies, because it is the biological function of those thoughts to enable frogs to catch flies (Millikan 1989; Papineau 1987; Neander 1995). The facts which make it true that frogs' internal states are about flies are facts about the history of selection on frog ancestors for fly-catching.


  


  This work is important, but it actually illustrates the absence of an evolutionary perspective from the external project. For the evolutionaryhistorical theory of content is not an evolutionary perspective on ITUnian cognition. Very few of Millikan's ideas depend on specific empirical claims about primate evolution. For Fodor, Millikan, Neander, and others, frogs and their fly-hunting form a model system rather than part of a theory of the evolution of human cognitive capacities. These theorists deploy the obvious strategy of thinking about a system that is as simple as possible while still manifesting the phenomenon to be explained. Like other model systems, frogs are discussed precisely in the belief that it is possible to abstract away from the differences between the model system and other systems, including the differences in their evolutionary histories. Frogs cannot illuminate the evolutionary history of human cognition. At most, they illustrate very general features of cognition and its evolution in all animals. Frogs are well-chosen as model systems only if (a) the folk notions of meaning, content, and aboutness correctly describe certain connection features of human minds; and (b) those connection features are characteristic of a very large class of animal control systems. In chapter 11.5 1 shall explain why this is a bet I am not taking.


  In sum, then, this book shares with many others a focus on central themes in contemporary philosophy of psychology: the nature and status of intentional psychology and its relation to a scientific understanding of cognition. It contrasts with most other works in examining intentional psychology through an evolutionary and comparative lens. My focus is not on the neural or the computational mechanisms that realize interpretative capacities. It is on the evolutionary and adaptive mechanisms that assemble intentional agents, and on the specific evolutionary dynamic that built the special kind of intentional agents that we are. I begin by first discussing the evolution of the building-blocks of intentional systems, and that is the aim of part I of this book. Parts 11 and III develop my account of the specific features of hominid cognitive evolution.


  


  In the next chapter, I introduce a general framework for thinking about the evolution of cognition, and over the next three chapters I'll use that framework to develop some suggestions about the evolution of belief-like and preference-like states. There are, I shall suggest, reasons to think that we have evolved wiring-and-connection features that are something like, but not perfectly like, beliefs and preferences as portrayed by intentional psychology.


  


  
    
  


  2


  DETECTION SYSTEMS


  2.1 The Environmental Complexity Hypothesis


  Virtually all organisms can register reliably and respond adaptively to some features of their environment. But though all organisms can track some aspects of their environment, there are important differences in the control system of organisms and the ways they track features of the external world. In his 1996 paper, Peter Godfrey-Smith developed a framework for analyzing the evolution of behavioral control. His fundamental idea is that behavioral flexibility is needed in complex environments, for in such environments invariant rules have mediocre rewards. Such an invariant rule must be a satisficing conipro1 nisi' for each of the circumstances an organism finds itself in. For if an invariant rule is optimized to just one of the circumstances the organism may find itself in, it will go badly in another. Consider, for example, female reed warblers in the breeding season. Some warblers have their own eggs in their nest. Less fortunate females find themselves brooding cuckoo chicks. So what policy should female warblers adopt toward eggs in their nest? Invariant strategies seem unattractive. The policy of treating all eggs as cuckoo eggs would be a recipe for disaster. Such a female will never reproduce. A female that treats all eggs as her own has some chance, but is subject to cuckoo exploitation. Surely a bird would do better if she could reject cuckoo eggs but keep her own.


  Thus environmental heterogeneity selects for variable response, but only if that heterogeneity is cued to the organism. Let's shift examples, and consider the dilemma of a plant faced with unpredictable levels of threat from plant-eating bugs. Such a plant can devote all of its resources to growth, and hence to fast seed production should it survive. Or it can devote some fraction of its resources to the manufacture of chemical defenses that minimize damage from its enemies. But what fraction should the plant spend, if the level of threat is variable? Corn puts few resources into chemical warfare against plant-eating bugs, but it does have a system of inducible defense. If it is damaged in certain ways, it secretes a chemical that attracts the enemies of its attackers. Inducible defense is important only in variable environments. If your environment is always infested with bugs, there is no point in taking special precautions on some particular occasion. But though variation in the environment matters, it must be detectable by the organism. If there is no sign the corn can use to detect changes in bug abundance, being able to crank up its defenses is no advantage. Signs do not have to be fully reliable - some error can be tolerated - but if there is no signal at all, the defenders' world is intractably complex. Its environment is iuformationallt/ opaque and it must settle for a single best-overall response.


  


  Flexibility is not free. So the fitness advantage of the optimum behavior over the invariant satisficing behavior must pay for its costs. Those costs may be metabolic: flexibility may require special apparatus. But most importantly, there will be a cost of error. No detection and response system is ever perfect. A plant that seeks to optimize its investment in secondary chemicals by adjusting its production to its perceived insect threat risks both over-production and underproduction. It risks both producing too much poison when there are few insects around, and too little poison when there are many around. If the cost of these chemicals is high, the signal that they are needed must be accurate or the benefit of having them when needed must be great. In bug-rich times, there must be a large fitness difference between high levels of protection and the compromise level of protection.


  The dilemma of the reed warbler makes these costs vivid. The sight of a tiny insectivorous bird dwarfed by the cuckoo chick she is feeding is one of the more jolting scenes from natural-history documentaries. How is such trickery possible? Consider a reed warbler returning to her nest. Is she about to feed a cuckoo? Her options are (i) treat all chicks in her nest as her own; (ii) treat all chicks as interlopers; or (iii) attempt to discriminate between her chicks and interlopers, and abandon or expel the latter. Clearly (ii) is a catastrophic rule. But many species opt for (i) rather than (iii), despite the fact that it leaves them vulnerable to exploitation. This may be partially explained by the threat of error, for how is the warbler to recognize her own? She cannot see herself. And in any case, reed warbler chicks do not look like adult warblers. Cuckoo chicks expel other eggs and nestlings from the nest, so the female cannot play spot-the-difference and throw the odd chick out. Suppose, for example, that she imprints on her first brood, and rejects all later chicks that do not resemble her first-born. If her first brood was parasitized, she will never raise her own chicks, for she will always reject her own as impostors. A learning rule that risks a false "cuckoo chick!" judgement threatens to be very expensive indeed. Despite the costs of brood parasitism, the error costs of some defenses may be greater still (Davies et al. 1996; Shettleworth 1998, pp. 177-8).


  


  Pulling these considerations together, selection will build mechanisms that vary behavior in response to variation in the world only if:


  1 The organism's environment varies in ways that matter to that organism.


  2 The organism has relevant variation in its repertoire; different actions have different payoffs in different environments.


  3 The organism has access to information about its environment.


  4 The benefit of optimizing behavior to the specific state of the environment outweighs its costs, including the costs of error. There must be a major fitness difference between optimum and satisficing responses, or the agent must have a reliable signal of environmental differences.


  I will use this picture to guide discussion about cognitive evolution, for environments can be complex in many different ways. Environments differ, of course, in their physical and biological parameters. That is, they differ in their functional respects: in the frequency of cuckoos and in the prevalence of leaf-eating insects. But they also differ in their informational or epistemic character. How easy is to spot an infestation of locusts? A cuckoo egg? This chapter focuses on the interactions between the informational character of environments and tracking systems. I shall argue that these interactions have crucial consequences for the kinds of tracking mechanisms that evolve in different lineages. In what kinds of environment are relatively simple tracking systems adaptive? What informational environments select for a shift from such simple tracking systems, and how do such selective environments arise? I shall purse these questions by exploring first the strengths, and then the limitations, of "detection systems."


  


  2.2 Detection Systems


  My project is to explore the consequences of different informational environments on the evolution of cognitive systems. I begin with a baseline for thinking about cognition and cognitive evolution: namely, those organisms that have mechanisms that mediate a specific adaptive response to some feature (or features) of their environment by registering a specific environmental signal that tells the organism of the presence of that feature. Many organisms have response systems that are geared in this way to a single cue. Thus cockroaches escape from predatory toads by detecting their presence from the wind gust caused by the movement toward them of the striking toad's head. They are equipped with antennae covered with hairlike wind detectors. When these register a wind gust of appropriate speed and acceleration, the cockroach turns away from the direction of the gust and scuttles for safety in that all too familiar way (Camhi 1984, pp. 79-86). The hygienic behavior of ants and bees - their disposal of dead nestmates - depends on a single cue, the oleic acid decay produces. Many arthropods are singlechanneled; they have beautifully ingenious ways of detecting relevant features of their environment, but they are often dependent on a single proximal cue.


  I shall call single-cued discriminatory mechanisms of this kind detection systems. Some are built-in. Others, perhaps, are learned by simple associative mechanisms. Such systems are ubiquitous, for virtually every organism has some capacity to discriminate between different states of the environment and respond appropriately to those differences. Bacteria, for example, can respond to chemical gradients in their environment, and plants register the seasons by monitoring day length. A detection agent is an organism equipped only with detection systems. Such organisms have control systems which enable them to track, sometimes very reliably, salient features of their environment. But they do so via a single channel. For each feature of the environment they register, they use only a single cue. As we would expect, many animals have hybrid control mechanisms, tracking and responding to some features of their environment by detection systems, but tracking other features by more complex mechanisms.


  I am interested in the strengths of detection systems and in characterizing the environments in which they perform reliably. But I am also interested in their limitations; in the environments in which they are unreliable, and in the control systems that evolve from them. For though detection systems can drive quite complex and structured responses, those behaviors are not just stereotyped; they are brittle. They are easily disrupted by perturbations in the sensory channels they exploit. For example, in the USA and Canada there is a large Glade of fireflies (around 125 species). The males of these species flash in flight a species-specific code to which the females respond. This system serves as a mechanism enabling males and females of the same species to find one another. But it is vulnerable to exploitation. Females of the Photitris group lure males of other genera by flashing those males' species specific signals and prey on them (Lloyd 1997).' Ant recognition systems are similarly brittle. Ants recognize and react to one another by specific chemical and mechanical cues, so parasites bearing no physical or other resemblance to the ants can invade and exploit their nests by mimicking the right specific signals. Thus a number of beetle species live in ant nests, mimicking the ants' chemical signature and the foodbegging gestures. These beetles persuade their hosts to feed them and even to tolerate their feeding upon the ants' larvae (Holldobler and Wilson 1990, pp. 498-505). Agents that rely wholly on detection systems for the control of their behavior are limited in an important way. In Dennett's felicitous phrase, they are "sphexish"; so-called for a wasp whose search routine was rigidly controlled by a specific cue.


  


  This way of characterizing a certain class of cognitive engines depends on our ways of identifying and counting channels between an organism and an environmental feature. There is no problem, of course, in counting cues when they rely on separate sense modalities: when vervets react to the voice rather than the sight of a leopard. But channels are not sensory modalities. A baboon that monitors a rival by visually reacting to each facial expression, body posture, and relative location is tracking intent through three cues, not one. But two stimuli are never exactly the same. Two retinal projections of the silhouette of a hawk will always be different in some way. So even a cue-bound organism must and will generalize, treating physically different stimuli as functionally equivalent.


  How can we distinguish stimulus generalization from the use of several cues? Suppose we are interested in whether an animal detects predators by just a single visual cue. If the organism is cue-bound, we ought to be able to construct a single optimum cue, a visual stimulus that elicits the strongest response. As we deform the stimulus along various dimensions, the strength of the response should drop off. It might do so relatively smoothly in some respects. In others, there might be threshold effects - large changes in response over small changes in stimulus character. If we conceptualize this as a search space, with height in the space reserved for reaction strength, then for a single cued organism the space should contain just a single hump; though even for single-cued creatures the height will vary, for response strength will be affected by arousal and similar factors. Its capacity for stimulus generalization is reflected by the shape of that hump: whether it has a large plateau on top; the dimensions in which the drop off is smooth, and so forth.'


  


  This problem is empirically tractable. For example, there is a rich experimental tradition investigating the conditions under which animals produce their distinctive alarm calls. In the light of this work I am inclined to treat chickens' responses to aerial predators as cuebound. They respond to a hawk silhouette, but the apparent size and velocity of the silhouette are also important. Though shape, size, and speed all matter, chickens seem to have a single peak in their search space (Evans et al. 1993). The search space of animals which are not cue-bound will have several humps. Moreover, with these animals, we should expect the relationship between a particular stimulus and response to be less stable. Response to a given stimulus should vary as other cues add to, or damp down, the overall response. To the extent that the animal reacts independently to other cues, our first cue will predict its behaviour less well.' So detection agents are not blind to all variability in the relationship between cue and environment, and they may well be capable of learning. Sometimes an agent learns to track a feature of its world using a single cue.


  


  Nonetheless, as I shall argue in sections 2.4 and 2.5, there are profound limits on detection systems and there are good reasons why agents have evolved the capacity to track important features of their environment using multiple cues. Reed warblers can use more than one cue to detect the presence of a cuckoo egg in their nest. They have rohitst tracking systons, not just detection system. This contrast in tracking systems, I shall argue, is partially explained by a contrast between environments. Some environments are transparent: that is, they are characterized by simple and reliable correspondences between sensory cues and functional properties. Other creatures face the problem that functionally similar items have different sensory profiles, and that functionally different items have very similar sensory profiles. Mimicry and concealment have just those results. Biological interactions often degrade the reliability of specific cues, making environments translucent, and driving the evolution of multiple-cued ways of tracking the environment. This is a theme we shall see repeatedly: biological interactions change the informational character of environments, and these changes often select for more complex tracking and control systems. One reason why the search for a connection property to identify as content has been so difficult is that agents' tracking capacities have coevolved with each other and their environments, and as a consequence there is a medley of agent/environment connections (chapter 11.5).


  2.3 The Power of Detection Systems


  It was once taken for granted that detection systems were not capable of driving nuanced behavior. An agent could act intelligently and adaptively in its world only if it had an inference-based internal cognitive organization that accurately and richly mapped its external environment. Intelligent, adaptive behavior depends on the existence of an accurate internal model of the world, so selection for adaptability was selection for agents with complex and richly connected control structures.


  


  That view is no longer uncontroversial. For there are very serious problems in maintaining an updated internal model of an agent's environment: this is one version of the famous "frame problem" (Dennett 1984). Perhaps the idea that intelligence depends on an accurate internal model of the world is misconceived. Within the Artificial Life literature there has been the development of anti-representational models of intelligent action; models of so-called "situated agents." These models deny that intelligent behavior must be guided by belief and goal structures within the organism (Brooks 1991). One idea is that intelligence is the result of the interaction between organism and environment. The information needed to guide behavior is constructed in behavioral interaction with the world by organisms actively searching for specific, relevant cues. And indeed, many biological phenomena fit this idea well. For example, spiders often have complex mating rituals, but there is no need to suppose that either participant has a stored template of the whole procedure if each stage completes the precondition for the next. At each step, the action of each participant is contingent on signals from the other. The same is true of those species of firefly whose mates find one another by species-specific coded pulses of light.


  Such examples are not restricted to invertebrates. One of the first naturalistic studies of animal behavior was that by Julian Huxley (1914) of the great crested grebe courtship ritual. These rituals are complex, taking place in a fixed sequence. The female begins by approaching a male, calling. The male responds by diving, at which point the female spreads her wings low upon the water, crouching. The male surfaces from his dive in front of her, as erect as possible, and revolves slowly until he faces the female. He then sinks slowly onto the water, still facing her, until finally the two face one another erect, shaking their heads. There is no reason to suppose that either grebe has any representation of the courtship display as a whole. Instead, each act by one partner is a precondition of the response of the other. Each act generates a specific cue that drives a specific response which in turn generates a specific cue for the other agent. Courtship is the result of a detection cascade.


  Complex anti-predator maneuvers can also emerge from simple cues. The "fountain" is an anti-predator maneuver where a shoal of fish under threat from a pike divides, peels back in two streams past the predator, and reforms behind it. The behavior of the school as a whole is generated by a simple rule for each fish, as it turns through a fixed angle while keeping one eye on the pike (Magurran and Pitcher 1987). Schooling, too, can be sustained by behavioral cues that do not presuppose that the animal knows about the school, or its place in it. If each animal in a group acts to maintain a minimum distance from others in the environment, matches velocities with others, and moves toward the perceived center of mass in its neighborhood, then flocking and schooling behavior emerge automatically. Such examples show how very simple, locally cued, behavioral rules can generate flocks whose global behavior appears to be coordinated (Langton 1996).


  


  Detection systems can also generate adaptive behavior when agents "store information in the world" rather than in their brain. Adaptive behavior is scaffolded by agents physically engineering their environment. They act on their environment so that it subsequently generates cues that support adaptive responses. Ant pheromone trails fit this picture of organisms storing information in the world. Such external storage can be very rich in information. Those trails carry information about direction and distance, and the number of ants using it carries information about the value of the food resource (Holldobler and Wilson 1990, pp. 272-3).


  Indeed, it has been argued that the capacity of agents to store information externally in this way should lead us to reconfigure our conception of the mind-world boundary. Andy Clark, Stephen Mithen, and other have recently argued that some aspects of the environment are literally parts of our mind.' They think the contents of an agent's mind includes information that the agent stores in his or her world - it includes any information that the agent can access reliably and at will. Mithen, for example, argues that spears, hearths, fish-traps, and the like are not just tools; they are information stores on how to make those tools. A fish-trap is a template for fish-trap manufacture. These artefacts are part of an agent's mind, though not part of their brain (Mithen 2000). This line of thought is an application to human evolution of Dawkins' important notion of the extended phenotype. But in contrast to Dawkins' classic examples of extended phenotypes, tools are not exclusive to particular individual agents. The fish-trap is part of the phenotype of which agent? Even if one person has exclusive use of the trap, it is available as an information store to everyone in that group. It is not the user's mental property, even if it is her physical property. Tools are not exclusive to individuals, and are not integrated into the cognitive economy of particular agents to the exclusion of others. While agents store information in the world, I doubt that this information is part of their mind.


  


  At their most ambitious, these antirepresentational models of agency suggest that the whole behavioral repertoire of adaptive, flexible agents can be generated by networks of detection systems (see Brooks 1991; for a critical analysis see Kirsh 1996b). For this to be true, it must be the case that:


  1 Behavior can be partitioned into behavioral routines, each with distinct sensing/control requirements.


  2 The behavioral repertoire of even complex creatures can be built from these routines, adding increments to a base of simple skills.


  3 Information available in the environment suffices to control the basic skills that compose an animal's behavioral repertoire. These skills can be appropriately triggered and guided by local cues.


  4 Organisms coordinate their behavior through a built-in motivational structure.


  The idea is that as the organism moves through its environment, it interacts with it in ways that generate a variety of appropriate behaviors without forming and maintaining a model of its world. For this program to succeed, an organism must typically find itself in an environment which provides it with reliable local cues. However, the world is less cooperative than this. Detection systems are important, but environments are much less informationally tractable than this model of agency supposes.


  2.4 Transparent and Translucent Worlds


  If environments are of the right kind, animals can respond adaptively even when they control their actions through a single specific cue. If the signal indicating the presence of a specific resource is reliable,5 and if the agent can use its sensory apparatus to discriminate that signal from other stimuli, then cue-driven behavior will succeed. For with respect to that feature, the animal lives in an infornmtionallii transparent environment. Detection systems reliably drive adaptive behavior in transparent environments. But cue-driven organisms will often struggle if ecologically relevant features of their environment - their functional world - map in complex, one to many ways onto the cues they can detect. Such organisms live in infornlationally trartsluct'nt environments. If food, shelter, predators, mates, friend, and foe map in complex ways onto physical signals they can register, cue-driven organisms' behavior will often misfire. They face the problem that many different sensory registrations form a single functional category, and similar physical signals may derive from very different functional sources. Obviously environments are typically heterogeneous: transparent with respect to some features, translucent with respect to others, and opaque with respect to still others.


  


  By and large, the epistemic character of an environment is no accident. Most simply, an environment can become transparent as the result of the organism adapting to its physical circumstances, tuning its receptors to pick up information that the world provides for free. Plants that use day length as a guide to seasonal change have evolved such an adaptation. Similarly, the navigation systems of long-distance migrants often depend on the position of celestial objects, on the earth's magnetic field, or on other large-scale features of the physical environment which generate signals for those with the right receptors. But transparency is often a coevolutionary achievement, for it is often a consequence of one organism signalling to another. Communication is by no means always honest. But there are circumstances when evolutionary interests overlap and honest signaling evolves. One organism sends an unequivocal signal to another, and the consequence is a clearer informational environment. Many social insects signal common nest membership to one another honestly. Within the nest, sensory and communicative mechanisms have coevolved. Imprinting is another single-cued system that depends on the overlapping evolutionary interests of parents and their offspring. Birds often imprint on their parent's song as part of mate preference formation. The same is true when they learn their own species-specific song. In such cases the parents have no interest in deception or concealment: their signal will be salient and unambiguous.


  Honesty can be imposed even in circumstances in which animals interact competitively. In a much discussed version of this idea, Zahavi has defended a "handicap principle" of imposed honesty. Receivers take notice only of those signals that must be honest, because sending them imposes a cost on the signaler (Zahavi and Zahavi 1997). The most obvious candidates are male sexual advertisements. Such signals are costly or dangerous to produce, and hence have been co-opted as signals of high quality. Males cannot escape the obligation to signal, and only those signals which are expensive will attract females. For example, females of the tungara frog will respond to a simple version of the male song. But they are attracted more strongly to a complex version in which a number of chucking sounds are added over the basic whine of the song. Hence males sing that version of the song when there are competitors present. But that version also attracts the frog-eating hat, Trachops cirrhoses (Ryan 1995, pp. 252-4). So signaling constrained by the handicap principle makes female epistemic environments more transparent.


  


  Thus the evolutionary interaction between lineage and environment can result in organisms living in worlds that are partially transparent. The epistemic character of the environment changes over evolutionary time scales, and it comes to include unambiguous and salient cues of features of great importance. But informational worlds also change over shorter time periods as animals epistemically engineer their own environments, rendering them more transparent. Animals act in their world to secure the physical resources they need for survival and reproduction. They seek food, drink, mates, shelter for themselves, and in some species for their offspring. But animals act epistemnically as well. On occasion they seek information rather than physical resources, sometimes paying a high price in risk to receive a simple and reliable signal (Owings 2002).


  One of the most apparently paradoxical behaviors in nature is predator inspection. In many species, prey inspect their predators: that is, they move toward, rather than away from, dangerous animals. Dugatkin (1997) reviews predator inspection in fish, where one or a few fish from a school leave the school to inspect potential predators. The danger this poses for the inspectors has been experimentally demonstrated, but there is evidence that schools without any inspectors are at great risk. Inspecting fish gain information about the extent and nature of the threat posed. Moreover, this information becomes available to the school as a whole (Dugatkin, 1997, pp. 61-2).


  Predator inspection is not confined to fish. Thus Griffin writes of Thompson's gazelles:


  When Thompson's gazelles detect a predator, they often do not flee but move closer. They appear to be ... interested and to be inspecting the dangerous creature. Walther sometimes saw a herd of tommies recognize a predator at 500 meters and then approach within 100 to 200 meters. Under these circumstances, the herd contracted. (Griffin 1992, p. 57)


  


  Characteristically, Griffin interprets inspection as evidence for intelligence, but the reverse may be true. Tommies accept the risk of approach to avoid the problem of having to integrate information about the threat lions pose with information about the topology of the region. Because they inspect, they do not need to locate dead ground - ground where an approach would he out of their line of sight - and evaluate the threat of distant predators reaching it. The tommies are trading proximity against ambiguity: a close lion in full view is less dangerous than a lion further way, but with the option of disappearing from their field of view altogether, to reappear who knows where.


  So evolutionary and behavioral interactions can make aspects of an agent's environment transparent. But evolutionary and behavioral interactions can degrade the reliability of signals too. They can make an environment franshicenf, and the animal will need to use more robust, less fragile ways of tracking the features that matter to it. It will need to use multiple cues rather than a single cue. The world may be translucent because a lineage has invaded many different environments. The greater the variety of environments in which an organism might find itself, the less it will be able to rely on constant physical signals to identify its needs. When a population is spread across many different niches, selection is less able to predict the informational specifics of the organism's world. So ecologically more generalized organisms will be under some pressure to escape cue-driven behavior. Koalas and echidnas may well be able to rely on a specific cue in recognizing food. I doubt whether a fox can. As generalist organisms find themselves in a wide variety of biological environments, the relationship between the signals they can detect and the resources and dangers they need to recognize is likely to be complex. If generalists have a single search image for food, there will be food around that they fail to detect. They will be plagued by false negatives. Such animals need multiple routes to the environmental features of interest to them.


  In such circumstances, redundancy helps, for environmental shifts are likely to disrupt some but not all specific cues. If animals have several channels to features of the world that are important to them, their capacities to act will be less subject to disruption through environmental instability. Bee navigation is a very basic example of the use of multiple cues, and of the value of redundancy. Bees prefer to use landmarks with which to navigate. If there are no prominent landmarks available, or if they have had no chance to learn landmarks, their fallback option is a solar compass. Bee vision is sensitive to ultraviolet light, so the sun compass is available on days that are lightly overcast, as UV penetrates thin clouds. On days of heavy overcast, so long as cloud coverage is not complete, bees have a third backup system. If the sun is blocked, they can use information available in the degree to which light is polarized. For polarization increases in a predictable way with angular distance from the sun. So if they can see a decent chunk of the sky, they can (using a few rules of thumb) roughly estimate the sun's location even when it cannot be seen (Gould and Gould 1988). So bee ability to track from hive to food source and home again (and to communicate this information to their nestmates) is grounded in multiple cues. Even though this information is never integrated - at any one time, the bee uses just one cue - their navigation is much more robust that it would be, were bees single-cued creatures.


  


  For cue-driven behavior to be adaptive, the cue itself must be detectable and able to be distinguished. Further, there must be a stable cue-world relationship. What the cue tells the organism about its world must be fairly independent of what else is in the local scene. That is why the organism does not need to represent that local scene as a whole. Hence the navigation system of the bee is an elegant example of an intermediate system: the sun compass is a cue the bee can and does use independently; the bee need notice nothing else. That cue is never misleading, but it is sometimes not available.


  Redundancy of this kind might be both important and quite common. Avital and Jablonka suggest that it might often characterize the transmission of food preferences from mother to offspring. They suggest that food preference transmission in the domestic mouse involves cues in blood flow around the placenta; cues in the mother's milk, and direct demonstration by the mother to her offspring (Avital and Jablonka 2000, pp. 115-16). The evolution of backup systems of this kind preadapts an agent for integrated, multi-channeled registration of features of the world that are adaptively significant but difficult to track.


  I conjecture that hostility is even more significant than ecological generalization in creating informationally darker environments. Prey and predators hide, thus creating false negatives. But they also disguise themselves. In such cases, merely creating an extra search image will not suffice. Hostility and its epistemic consequences most powerfully underscore the limits on detection systems. Action can be safely based on a single cue only when it is directed toward indifferent or cooperative features of the environment. Thus adaptive behavior targeted on the inanimate world (and biologically indifferent parts of the animate world) can often be controlled by simple cues of environmental structure. It is no accident that those who think we can explain intelligent action without appealing to internal representation choose examples of agents interacting with their physical surroundings. For instance, Gigerenzer and his co-workers argue that human cognition depends on simple heuristics, and their example involves catching a baseball by attempting to keep the angle of gaze (the angle between eye and ball) constant rather than by predicting the place the ball will land, and attempting to reach that spot before the ball (Gigerenzer and Selton 2001). They are no doubt right that this is an effective heuristic for catching balls on the fly. But creatures attempting to avoid capture pose much less tractable problems, and it is no surprise that huntergatherers depend on rich knowledge of the natural history of their prey (chapter 10.9).


  


  In a similar vein, and drawing a similar moral, Clark discusses robots that reach for objects in the world, navigate around a cluttered environment, and which walk insect-wise over uneven surfaces. But the terrain, for the most part, does not care whether an insect can walk over it or not. Terrain is not selected to actively sabotage or hinder an insect's progress. In contrast, biological agents pose far more difficult epistemic problems. An animal's predators, prey, and competitors are under selection to sabotage its actions. And much animal behavior takes place under the whip of predation and competition. Predation is not just a danger to life and limb. Predation results in epistemic pollution. Prey, too, pollute the epistemic environment of their predators. Hiding, camouflage, and mimicry all complicate an animal's epistemic problems.


  Thus hostility changes the informational character of local environments, degrading the covariation between easily discriminated cues and the functional properties they signal. Deceptive fireflies mimicking the female signal to the male decrease the overall reliability of the signal/mate relationship, as the firefly environment becomes heterogeneous with respect to the "species-specific" signal. Camouflage and mimicry make signals less reliable, and they make signals that are still reliable harder to discriminate. Mimics are rarely perceptually identical to their models. But they are not easily distinguished from their models, especially in less than optimal circumstances. Consider the contrast between reed warblers - alert to the possibility of cuckoo eggs and hard to fool - and the bee, which has a very generous conception of what counts as the sun:


  


  we can define the minimum criteria for the sun as understood by bees. To a first approximation, the object should be less than 20 degrees across (up to fifty times the sun's actual apparent size); it can have any amount or direction of polarization [the sun's actual light is unpolarized], its light must be less than 15% ultraviolet. In other words, having navigated by the sun for days, a forager will blithely accept a 15 degree, 100 polarized, green triangle for the .4 degree, unpolarized, white circle we know as the sun. (Gould and Gould 1988, p. 128)


  Even granted that prey fear false negatives over false positives, it is hard to imagine any animal getting by with a rule of thumb as rough as this for recognizing its enemies or victims. In navigating a hostile biological world, single cue systems combined with such a rough template would drown in false positives or perish from false negatives.


  Moreover, hostility also imposes a cost of probing; it escalates the costs of epistemic action to make the agent's world more transparent. Action taken to disambiguate a cue, or to locate one, can be costly in hostile environments. Predator inspection is not risk-free. That is especially true of those species that do not merely inspect but probe. Ground squirrels inspect rattlesnakes aggressively, trying to get them to respond, for those responses carry information about the snake's size and warmth, and large or warm snakes are more dangerous than small or cool ones (Owings 2002, pp. 21-2). Probing conspecifics can also be expensive. Much energetically expensive male-male mate competition - particularly ritualized displays which can but typically do not escalate into actual fights - is probably mutual probing.


  So pulling these themes together, biological hostility degrades an agent's informational environment in three ways. Hostile agents pollute an animal's informational world by concealment and disguise. They make decision problems more difficult through their agentsensitive responses. In hostile interactions, the target will anticipate or observe the agent's actions and respond to subvert, block, or thwart those actions. Finally, hostile agents impose costs on episteinic action, making it impossible or expensive to an animal to gather relevant information, or to position itself to take advantage of unambiguous cues.


  


  2. s Robust Tracking Systems


  Let's pull all this together. Whether signal pickup evolves depends on the reliability of the signal, the benefit of acting on it, and the cost of error. Environments that are partially transparent make available unequivocal signals of some of their salient structure. Such transparent environments thus select for the evolution of detectors that can pick up cues, and control systems that use them. But environments are often less informationally benign. In translucent worlds there is a complex relationship between the incoming stimuli that the organism can detect and the features of relevance to it. When no one cue is sufficiently reliable, selection can favor the evolution of the capacity to make use of multiple channels.


  Agents are often under mixed selective regimes. Some aspects of their world will be transparent, and other aspects translucent. Piping plovers are ground-nesting shore birds with a striking distraction display: they run from predators in an apparently helpless, broken-winged, panic-stricken flutter. Carolyn Ristau (1991) has shown that this display is not sphexish. Piping plovers monitor the behavior of potential threats, and their propensity to display depends on previous familiarity; whether the intruder seems to be searching; and the relative position of intruder, plover, and nest. Piping plovers can fairly shrewdly assess in ways that are flexible over the animal's life the degree of threat posed by an intruder. Yet if they are like other shore birds, piping plovers will prefer a false egg five times the size of one of its own, and ignore their eggs if they are moved from the circle of the nest. Such birds as herring gulls, kittywakes, piping plovers, and the like are not subject to brood parasitism.' Hence nest, egg, and chick are transparent aspects of their environment, and they rely on detection systems for control of their behavior toward egg and chick. Tinbergen's The Hem,, ' Gull's World (1960) is a classic demonstration of the operation of these detection systems in the herring gull.


  That is not true of reed warblers and other birds subject to brood parasites. Such birds do sometimes reject cuckoo eggs. And they can use multiple cues to determine whether to accept or reject eggs. They recognize eggs via a robust siista'ui, for they are able to use egg size: massive eggs are likely to be rejected. They can use timing: they reject eggs laid into the nest before their own clutch has begun. They are able to use cuckoo presence: a cuckoo sighted at a nest increases the chance of egg rejection.' And they are able to use colour and pattern: cuckoo eggs mimic host eggs, and those that fail to resemble host eggs are subject to rejection (Davies and Brooke 1988). Reed-warbler egg recognition is mediated by robust tracking, not by a detection system. Reed warbler/cuckoo coevolution illustrates the role of hostility in polluting reed-warbler epistemic environments. Cuckoos lay fast; they lay in the afternoon when the warblers are foraging and their vigilance is lower; and they lay mimetic eggs. Reed-warbler response illustrates the importance of multiple cues in such polluted, translucent environments. And it also illustrates the cost of such cognitive adaptations. We have already seen that the costs of error may have blocked the evolution of cuckoo chick recognition." They may also constrain host defences against cuckoo eggs. The systems that they use already have some error costs; they sometimes reject their own eggs by mistake (pp. 278-80). Hosts do not always reject cuckoo eggs even when mimicry fails. Moreover, reed warblers do not exploit the fact that cuckoo eggs are always slightly larger than their own. The costs of error may partially explain this continued incidence of false positives.


  


  Hostility and the epistemic consequences it generates are not sufficient for the evolution of robust tracking. As the parasites and predators that crack ant recognition systems show, plenty of arthropods are cue-bound with respect to their enemies. But if robust tracking is within the range of evolutionary possibilities for the lineage, translucence will select for it. It is needed in certain kinds of complex environment, those where the mapping between biological significance and proximate cue is complex.


  Agents with robust tracking - with the ability to use several cues either built-in or learned - have islands of resilience in their behavioral repertoire. The cues that control behavior have become flexible and intelligent: thus the piping plover display is not automatically triggered by a specific sensory cue. However, though this display is not triggered by a single cue, robust systems, like detection systems, are behavior-specific. Their function is to link the registration of a salient feature of the world to an appropriate response. If we think of these registrations in representational terms, as being about the states of the world they track, they are neither reports nor instructions. Ruth Millikan has noted that when organisms are only equipped with relatively simple means of representing their world, we cannot draw a distinction between representations that merely report how the world is, and representations that direct behavior (Millikan 1989). Meerkat sentries produce loud, high-pitched calls when they spot eagles, calls which sent meerkats full speed to their burrows (Avital and Jablonka 2000, p. 244). Since there is such a tight linkage between what is detected in the world - the call - and what is done, it is arbitrary to translate its registration as "Eagle Above!" rather than "Run!" or vice versa.


  


  If the Simple Coordination Thesis is within a bull's roar of being right, among our other contrasts with meerkats, within our mental representations there is a distinction between reports and instructions. Intentional agents have decoupled representations. That is to say, we have internal states that track aspects of our world, but which do not have the function of controlling particular behaviors. Beliefs are representations that are relevant to many behaviors, but do not have the biological function of directing any specific behavior. If decoupled tracking evolves, an agent's behavior will become less stereotyped across the agent's whole behavioral repertoire. For though these decoupled states are not tied to any specific behavior, they are potentially relevant to many actions in a number of task domains. Decoupled representation makes an agent's actions sensitive to a greater variety of information sources. The evolution of decoupled representation and its relation to behavioral flexibility is the theme of the next two chapters.
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  FUELS FOR SUCCESS


  3. 1 Decoupled Representation


  One central theme of this project is the connection between the interpretative facts and the wiring-and-connection facts; that is, between an integrated scientific conception of human cognitive evolution and our inherited folk self-concept. There is a reasonable consensus that, in principle, folk psychology could be undermined by such a scientific understanding of the mind. That consensus is not complete. On some views, intentional psychology makes no claims at all about the wiringand-connection facts; it says nothing about the internal organization of human minds. Rather, it describes agents' behavioral dispositions. But most people accept that folk psychology does have some empirical and falsifiable commitments about human cognitive architecture. In particular, I shall take it that folk psychology has the following minimal commitment: each of the categories of belief and preference correspond at least roughly to organizational features of our cognitive architecture. We form and use decoupled representations and we form and use representations of the targets of our actions. Many think that folk psychology implicitly makes more claims about our inner architecture than this. But there is wide agreement that there is at least this much relationship between folk psychology and the wiring-andconnection facts. If nothing in human cognitive systems corresponds to beliefs and preferences, then folk psychology does not describe even the gross architecture of our cognitive system.


  I shall begin by expanding a little on the idea of decoupled representation, and then move on to represented targets of action. Intentional psychology takes human control systems to include decoupled representations of the world. That is, we have internal cognitive states which (a) function to track features of the environment, and (b) are not tightly coupled functionally to specific types of response. As we shall see in section 3.3, many bird species have very detailed but functionally specific spatial memory: memory that powers one specific type of behavior. Such memories are not belief-like representations. In speaking of an agent's beliefs, we are attributing decoupled representations, representations that can influence many types of action. True beliefs are a "fuel for success": they form an information store about the world that advantages the animal in many different actions, but they are not tied to specific behaviors (Godfrey-Smith 1996). So I shall take the question "How and why did agents with belief-like representations evolve?" to be answered by a theory of the evolution of decoupled representations; of the evolution of mechanisms which generate acciir- ate tracking states pott'ntiall y relc 'nnt to many acts.


  


  If this conjecture is right, decoupled representations are unlikely to be switched on by a single cue. In principle, it would be possible for a state tracking, say, the presence of tigers in the immediate vicinity to be a response to a single tiger-cue, but not tied to any specific response. Elephants, perhaps, can afford to muse on the presence of tigers in this way. In practice, I think evolutionary processes are unlikely to build the capacity to form cue-bound but decoupled tracking states. For single-cued systems normally have to accept a reliability trade-off. Except in very benign environments, in using a single cue an agent has to accept a higher rate of false positives in return for a low rate of false negatives (or vice versa).' Such trade-offs are often advantageous if one kind of error is much more expensive than another, but I have just suggested that such an asymmetry arises only if the tracking state functions to drive a specific response.


  Accuracy is important. Peter Godfrey-Smith, Steve Stich, and others have pointed out that selection does not always favor representationforming mechanisms that are maximally accurate. That is, selection will not always favor the agent equipped with the mechanism that is most likely to elicit an internal tracker of X when and only when X is present.' For no mechanism is perfectly reliable, and hence not all representations will be accurate. And as we saw in chapter 2.1, the cost of error can be asymmetric. For the piping plover, false "predator" judgements are probably less expensive than false "safe" judgements. For the reed warbler a false "that is a cuckoo chick" judgement might be more expensive than a false "that is my chick" judgement. Since costs of false positives and false negatives can be radically asymmetric, selection can favor a mechanism with a higher error rate over a mechanism with a lower error rate, so long as the high rate mechanism makes cheap rather than expensive errors. However, I conjecture that this is true only of special-purpose tracking mechanisms - for cognitive systems where the tracking system drives a specific type of behavior. It is the tie to specific behavior makes one kind of error more expensive than the other. As a tracking state ceases to be tightly coupled to a specific behavior, there ceases to be reason to protect against false positives at the expense of false negatives or vice versa. Of course, the evolution of tracking mechanisms will continue to be constrained in many ways: by the physiological costs of cognitive equipment and by the constraints of preexisting sensory and cognitive systems. But setting these aside, if selection on a lineage favors the evolution of capacities for forming decoupled representation, it will favor more reliable mechanisms over less reliable ones.


  


  Thus intentional psychology takes human control systems to depend on decoupled representations of the world. It also takes intentional agents to have control states which do not function to track the features of the environment as it is. Rather, they specify and motivate action targets. In speaking of an agent's preferences, goals, or desires, we are attributing states of this kind. Preference is tied to specific action. As Millikan (1984) points out, the function of the desire for a good bottle of red is to bring it about that you have one, and even though we have many preferences about states utterly beyond our control, she has surely identified the core biological function of preferences. The question "How and why did agents with preferences evolve?" is answered by a theory which explains a shift in motivation based on sensations and drives to motivations based on represented targets in the world, of ways the agent can change his or her environment.


  So at a minimum folk psychology takes our control systems to include a functional distinction between beliefs and goals. Beliefs are registrations of the world as the agent takes it to be; registrations not functionally tied to specific actions. Goals are functionally tied to specific actions, namely those that would satisfy the goal. If our cognitive architecture does not reflect a belief/goal distinction, or if it does not exploit decoupled representations, then the interpretation facts do not even minimally describe the wiring-and-connection facts. The evolution of intentional agency (if, indeed, there are any such agents) involves the formation of world representations which are functionally decoupled from any specific action, while being potentially relevant to many. And it brings motivation under the control of representations of the external world. The rest of this chapter and the next discuss the origins of decoupled representation. Chapter 5 discusses motivation.


  


  In the next section I distinguish two ways through which the control of behavior by world representations can become more complex and subtle. Over the rest of chapter 3 and in chapter 4, I use that distinction together with the other machinery I have introduced to develop an evolutionary perspective on current issues in animal cognition. This discussion has two purposes. One is to develop a speculative but credible picture of the evolution of belief-like states. The other is to vindicate my analytic tools by showing that their use is fruitful: they enable us to see much more clearly both the strengths and the limitations of current empirical programs for the study of nonhuman cognition.


  3.2 Response Breadth


  Animals that use multiple cues to track those aspects of their environment that matter to them have more resilient behavioral capacities. Their adaptive responses are less likely to be disrupted by interruptions and disruptions to the usual flow of sensory stimuli that they experience. Even redundancy helps. But response capacities are especially resilient if these signals can be integrated or combined, so one channel can be checked against another. The epistemic environments of animals are often transparent in some respects, translucent or even opaque in others. So we should expect to find control systems that are partially resilient and partially brittle, as the animal multi-tracks some features of its world and single-tracks others.


  In the last chapter I discussed the evolution of robust tracking, contrasting robust tracking systems with detection systems, though it is more accurate to think of there being a family of robust tracking systems rather than a single kind of robust tracking. I myself have emphasized the ability at a single point in time to use multiple cues to alleviate the problems caused by ambiguous or misleading cues. Colin Allen (1999), discussing somewhat similar issues, emphasizes change in the salience of a cue over time, as an agent uses feedback from its action to change the weight given to different cues; (for somewhat similar views see Proust 1999). Allen's suggestion, like mine, zeros in on evolutionary responses to a noisy world. I focus here on a second dimension of cognitive sophistication, the use agents make of the information they pick up from the world, their response breadth to the information they receive. Some agents have very specific, even rigidly determined, responses to tracking; they have narrow-handed responses to the information they pick up. Other agents (or the same agents in response to other events) have broad-banded response: when (say) they detect a potential predator they have a large menu of potential responses. Response breadth, obviously, is a matter of degree. And my conjecture is the obvious one: decoupled representation evolves as response breadth increases. It is nothing but very broad-banded response.


  


  Detection systems, even the robust tracking systems I discussed in chapter 2, are special-purpose mechanisms: the agent tracks a specific feature of the environment to control a specific behavior. The piping plover tracks danger to control distraction behavior. The reed warbler tracks egg identity to control egg rejection. The same can be true of systems with temporal depth: birds of many species cache food, and show impressive memory for the locations in which they have stored their supplies. But though this information is stored rather than used immediately, it is still special-purpose; it powers only a specific kind of behavior (see section 3.3).


  Decoupling is a matter of degree, so I assume that decoupled representation evolves from an increasing flexibility in the use of information agents pick up. I begin with some considerations about how such flexibility might evolve, and about how these two dimensions of cognitive sophistication - response breadth and tracking robustness - are relatively (but only relatively) independent. Some animals have a difficult task to track certain features of their world, but once that feature is registered, there is no problem deciding what to do. Given that a bittern detects a predator, its response is determined. It will freeze in the characteristic bittern pose. But bitterns are unusual in having a single stereotyped response to threat. For animals that live in open country, recognition of a potential predator is only the first problem. In some circumstances that first identification problem is severe. Vervets are preyed on by martial eagles. But there are many large birds of prey that pose no real threat, and which are not easily distinguished from martial eagles. In other circumstances the recognition problem is not especially difficult, but risk assessment is. Once a predator has been recognized, the agent must then assess the risk the predator poses: taking into account its distance, its behavior, and the agent's situation vis-a-vis the predator and other animals. The animal might take epistemic action at this point, inspecting the predator, monitoring the response of other potential victims, or changing its vantage point. Given that a risk has been detected, the animal must decide between flight, concealment, a readiness to fight, or, if the risk is real but not intense, continuing normal behavior but at a higher state of alertness (see Avital and Jablonka 2000, pp. 119-22). predator recognition and predator avoidance illustrates how the informational problems of recognition and response can come apart.' The recognition problem can be easy and the response problem difficult, and vice versa.


  


  So in thinking about an animal's cognitive system, we need to think about the channels through which information flows to its mind (tracking robustness) and about the flexibility with which it can use crucial information. Moreover, we cannot assume that a sophisticated ability to track always occurs with a sophisticated ability to use that information. For instance, beavers are famous for building and maintaining their dams. It may be that beaver-dam repair is triggered by a single simple cue: the sound of running water. That would not be surprising, for this cue would be reliable. It would generate few false positives. And a fairly simple feedback mechanism (move so the sound gets louder) would take the beaver to the site of damage. Suppose that this is so. The beaver would then know that sonu'thing must be done via a simple cue. But knowing what to do may not be simple, and some evidence suggests that beavers are capable of an unstereotyped response to the problem of repair. Donald Griffin reports:


  one day in June, human vandals tore open a large hole in the dam, causing a torrent of water to rush out of the pond. The water level dropped at a rate that clearly threatened to drain the pond within hours. Ryden ... sought to reduce the damage by piling large stones in ... upstream from the opening ... even though all of the stones were under water. When the adult male emerged from the lodge at the normal time in the late afternoon and made his customary visit to the dam, he immediately responded to this emergency with drastically altered behavior. He first cut a few small branches and towed them to the gap in his dam where he succeeded in pinning some into the newly placed rock pile, although others washed away downstream. At this pond there were few dead trees available la beaver's normal dam-building material] ... In this emergency situation the beaver cut and bought to the dam green vegetation that he would normally otherwise have used for food ... Three other beavers from the colony joined in relatively fruitless efforts to fix branches to the top of the rock pile over which the water was cascading, although in many nights of observation they had seldom been observed at the dam. When adding branches to the top of the largely submerged rock pile failed to slow the torrent ... the beavers changed tactics within a few minutes. Instead of towing more branches to the hole in the dam, they dove to the bottom of the pond, gathered mud and vegetation such as water lily stems, leaves and roots, and used them to plug the underwater gaps between the rocks. This slowed the escape of water ... and in time stabilized the water level. (Griffin 1992, pp. 96-7)


  


  One anecdote proves nothing. The point of the example, though, is that beavers may have a quite broad and flexible band of responses to a damaged dam, yet recognize dam damage by a simple auditory signal. They may have a broad-banded response on the basis of a single cue.


  So in principle, and perhaps in practice, two forms of cognitive sophistication can be dissociated. Agents may have subtle ways of tracking their environment, taking into account several cues in determining whether (say) a high-flying bird is a dangerous raptor. And they may have subtle ways of responding to an obvious feature of their environment. A male baboon's response to a threatening lion may depend on the physical features of the location, the distribution of the troop through that location, his own rank in the troop - and especially his judgement of whether he is likely to be the father of juveniles at risk. Such a breadth of response is important, for belieflike representation is not tied to specific actions and hence evolves from broad-banded response like that of the male baboon.


  The robustness with which animals track their environments, and the breadth of their response to features they register, are empirically tractable issues. But current methodologies often make it difficult to probe both the robustness with which agents track features of their environment and the extent to which their tracking capacities are decoupled from specific responses. For these methodologies often constrain an agent's options very narrowly, and hence give them little opportunity to exhibit broad-banded response to information they pick up.t The rat can only pull the lever, or fail to do so. The pigeon can only peck or fail to peck. Moreover, these methodologies encourage us to focus on a rather narrow range of questions about the cues agents use to track their world. So there is a good deal we do not know about how animals pick up information about their environment and how they use that information.


  


  For example, in an important series of experiments on intention and preference, Tony Dickinson and his co-workers probed the rat's appreciation of causation (Dickinson and Balleine 1993; Dickinson and Shanks 1995; Dickinson and Balleine 2000). Does the rat treat temporally contiguous events and causally related events as equivalents? Rats learn to press their lever when doing so causes a food reward. But perhaps they do so out of habit or superstition. Dickinson first tested this idea through comparing two regimes. The rats end up with the same amount of food in both, but in one the rat received food whether or not it pressed the lever. Some food arrived after the lever was pressed, but the rat's feeding rate was not dependent on pressing its lever. It turned out that when food delivery was not contingent on the rat's action, it stopping pressing. Moreover, rat behavior is sensitive to causal illusions similar to those that affect people. For instance, both humans and rats are sensitive to delays between putative cause and effect. As the delay increases, humans are less apt to recognize a cause/effect relationship, and rats are less apt to press their levers. Both are sensitive to whether the "effect" takes place only when preceded by the putative cause. If the "effect" takes place even when the apparent cause has not, that disconfirms the hypothesized cause/ effect relationship. Rats will stop pressing a lever if food arrives in their cage even when they have not pressed: they no longer believe, it seems, that their pressing causes food to arrive. But if those apparent disconfirmers - food without a press - are preceded by an alternate stimulus (in Dickinson's experiments, a brief flash), then the rat responds as if its acts do still cause the outcome. And human observers judge that there is a causal relationship between the first stimulus and the effect. The second stimulus causes a "causal illusion" in both rats and people. Both interpret such circumstances as involving two causal pathways: the rat thinks that lever pressing and light flashes each independently causes the arrival of food. So Dickinson concluded that rats really do track a causal contingency in their environment.


  


  Dickinson's experimental design asks what information the agent picks up without asking what agents can do with this information. Though it is tough for the rat to determine whether it has an influence on the delivery of food, if it has causal control its choice of action is obvious. These regimes cannot test for any sophistication in the use of this information in behavior. These constraints on agent response seriously limit the questions we can ask about response breadth. Experiments which constrain responses in order to bring into focus the stimuli to which the agent responds cannot tell us whether the animal has belief-like states, because they cannot tell us about response breadth.


  Moreover, these experimental designs somewhat constrain the questions we can ask about information pick-up; that is, about what features of their world animals track. To see these constraints, consider natural kinds. Do animals recognize natural kinds, or are the categories they use defined only by sensory similarity? As Menzel notes (1997, p. 209) latching on to natural kinds could be of great survival value to an animal. Natural categories are predictively powerful: they project into the future. If an orang-utan or chimp learns to recognize a particular kind of tree, recognizing a new instance of that tree potentially indexes important knowledge about its palatability, its value as a tree in which to shelter, the strength of its branches, when it fruits, and what else is likely to live in it. Inductive associations are more adaptive the more they are directed toward natural categories. The instances of a given natural kind are similar in many ways, including ones not yet salient to the agent. Once an animal perceives its environment in terms of the array of natural kinds in it, its representations of the world are suited to guide its actions in many ways. If, on the other hand, its perceptions of similarity and difference are sensory and these do not map onto natural kinds, then even if a sensory distinction reliably marks the crucial difference for one task, it is unlikely to do so for others. Discriminating states of the world in terms of natural categories would "preadapt" an agent for decoupled representation. For the state of affairs then tracked - registering the fact that this is a pandanus tree - really would be relevant to a wide range of actions. The evolution of tracking and of response breadth are not completely independent.


  


  So the issue is important and empirically tractable. Yet it is quite hard for standard learning theory experiments to address this question. Often an agent can show that it understands the functional importance of some object only by being able to exhibit a variety of appropriate responses to it, and most experimental designs do not allow open-ended responses. Thus simple discrimination tests (peck versus not peck) can tell us if our animal has latched onto a natural kind only if we can confront it with exemplars of a natural kind that share no distinctive sensory similarity. While that is not impossible, it is not easy. It is no surprise, then, that much of the work on the formation of "abstract" animal concepts does not directly address natural kinds. Consider, for example, the concepts of "same" or "different" with respect to some property of the stimulus. Pigeons and other experimental animals have often been exposed to training sets of geometric forms: a focal shape and two alternatives, one identical to the focal shape and the other different, and will be trained to pick (say) the identical member of the two alternates. In the test condition the animal sees new shapes, but has the same task. Given the constraints imposed by many experimental designs, the focus on geometrical rather than causal similarity is hardly surprising (see, for example, Herrnstein 1992; Pepperberg 1999, chapter 5). 1 do not wish to overstate this problem. In section 3.4 we shall consider experiments that try to finesse them. But many standard experimental designs do not generate information about response breadth.


  Moreover, though there has been some work on the response of frogs, vervets, and especially birds, to acoustic signals, this literature is dominated by work on a few animals and one sensory modality, vision. Vision offers an animal a distinctive array of benefits and challenges. Vision is detailed. The resolving power of vision depends on the optical design of the eye and its receptors, but the physical limits are generous. There are trade-offs between different tasks, but optimally designed visual systems can resolve very fine detail. Vision has a fast transmission speed. Vision is directional. It locates objects in space, telling the viewer not just what is present but where things are. However, it is also true that vision is orientation-sensitive: an animal on its feet looks very different from the same animal lying down. It is also viewpoint-sensitive: a particular hill, tree, or other landscape feature will typically look very different from the north than from the south. Furthermore, vision is lighting-sensitive: the lighting conditions (and the background) typically have a dramatic affect on an object's visual appearance.


  


  Other modalities have very different operational characteristics. Consider smell. For animals with the right apparatus, smell can be very specific indeed: individual animals have a distinctive and recognizable odor. Moreover, their scent is not sensitive to viewpoint or orientation. Furthermore, smell has the potential to operate over very long distances. Pheromones released by a butterfly can attract mates from several miles' distance, as they follow the scent to its source. In contrast to vision, scent has temporal depth. Once an animal has moved from a particular location, its having been there is no longer visible, but its scent will stay for some considerable time. However, it has a low transmission speed, and is imprecise in the spatial information it delivers.


  These are very significant differences. The relationship between visual cues and the natural kinds salient to the animal might be quite different from those between olfactory cues and natural categories. A single visual cue might often be a pretty decent proxy for a natural kind, without that being true of olfaction, or vice versa. For all we know, the sensory modalities with which agents are equipped might bias its lineage for, or against, the evolution of multi-cued tracking systems. Yet unpacking the relationship between olfactory cues and categories is clearly much more technically demanding that doing the same for visual stimuli. In short, as is so often the case in pursuing evolutionary questions, there is a mismatch between the information we most want to have and the information our experimental techniques make most readily available. Our information about the extent and kind of robust tracking, and about the breadth of response to features that are tracked, is very patchy and is likely to remain so. So it is important for me to emphasize at this point of the argument that my suggestions about the evolution of decoupled representation and target representation are very preliminary. Even so, there are rich traditions both in comparative psychology and field biology about what animals notice about their environment and how they use that information. We can use that information to ask questions about the evolution of decoupled representation in agents with broad-banded responses to features of the environment they track. I shall begin with space.


  3.3 Fuels for Success: Space


  Animals live in and move through space. Many animals have nests, burrows, or other shelters which they use on a regular basis. Many have territories. All these animals need to know where they are and how to get to where they need to be. Moreover, they need to navigate through space for many purposes. So perhaps decoupled representation - representations not tied to specific actions - evolved from agents' representations of their spatial environment; in particular, from spatial representations that evolved to support a rich array of actions rather than a specific action. One possibility is that animals represent spatial information about their immediate environment as cognitive maps. Such maps would be decoupled representations, for an agent's spatial information about its environment would have the potential to support many actions. Maps represent territory as a whole. A single map supports all the spatially determined action of the agent.


  


  There is no doubt that many animals have surprisingly good spatial memory; they store and use quite rich information about their immediate environment. However, instead of using cognitive maps, animals may navigate by procedural representations of spatial information. A procedural representation of the path between two points takes the animal from one point to the other by specific directions to each of a series of landmarks. Procedures constrain behavior in an important way. If an animal knows the way from A to B through a set of specific instructions and then learns a route from B to C in the same way, it will be able to go to C only via B. In contrast, if an animal has an internal map of its territory, it can go direct from A to C or vice versa, even if it has never made that journey before. Indeed, this capacity is the distinguishing feature of map-like spatial representations.


  So the crucial experimental test for a map-like encoding of spatial information - in contrast to a procedural one - is an ability to use stored information to navigate between two locations the animal has never previously traversed. As Bennett notes, to find out that an animal has a cognitive map, we must exclude three possibilities. We must be sure that the agent has never previously used this route. Clearly, in dealing with animals operating in their own familiar territories this is a difficult condition to satisfy. Second, we must exclude the possibility that the agent is using "dead reckoning." An agent that keeps track of the distance and direction it has taken from home base can use this information to make a straight-line return. Suppose, for example, that it has gone south 200 meters, then west 100 meters, then north 300 meters. The agent then knows home base is somewhat more than 100 meters southeast. And we must be sure that the agent cannot recognize the endpoint from the beginning point. For then it could use the simplest of all procedures: head direct for the target (Bennett 1996). It follows from these requirements that many experiments on animal memory are not sufficiently powerful to reveal a mental map, even if the animal has one. As we shall see, rats do seem to use spatial information in a flexible way, and it is no surprise that Tolman coined the phrase "cognitive map" to describe their behaviors. But his famous experiments cannot show that they used maps, for his rats were allowed to explore the maze and learn its layout before being tested (Tolman 1948). These learning conditions preclude the crucial test, for there will be no novel routes; only routes newly rewarded.


  


  Rats probably can use spatial information quite flexibly. Foodcaching birds like the nutcracker have detailed but probably specialpurpose memory for spatial information. Many species hoard food caches throughout their territories, secreting items in crevices in bark or burying them. Caching is adaptive when birds face great seasonal variation in food availability, and their food can be cached without spoiling or excessive theft. The birds of some caching species can recall not just the place they cached their food, but also the social context of their action. Scrub jays are significantly more likely to retrieve and cache their food when another bird has observed their first caching (Emery and Clayton 2001). Sometimes these memories are reliable over considerable periods of time. For example, over winter Clark's nutcrackers rely on caches of pinyon seeds that they have made during the previous fall.' But though these capacities are impressive, they seem to power only a limited range of behavior: retrieving one's own food and perhaps (in pilfering species) that of other birds.


  Showing the existence of a cognitive map is experimentally demanding, and spatial memory often seems tied to very specific aspects of an animal's behavior, so the existence of cognitive maps remains controversial. Gallistel claims that many animals have them, but his criterion for using a cognitive map is too weak. For example, he takes Clark's nutcracker to have a map that differs from those of many other animals only in having a very large number of locations marked upon it (Gallistel 1993 [19901, p. 158). But the nutcracker may have nothing like a map. Remember that maps are ilIfegrafed spatial representations of the animal's habitat: maps specify the spatial relations of each location marked on them. But there is no reason to believe that the nutcracker represents the relationship of one cache to another. For all we know, the nutcracker might have encoded a visual "snapshot" of each caching site, finding the cache again by matching a current perception with this stored template." And there is no evidence that caching species can use information about where they have hidden food to take novel routes through their territories. Obviously, it would be enormously difficult to test for such a capacity. But as far as we know, the impressive memories of caching birds are not composed of decoupled representations.


  


  Some experiments do focus on the critical issue. Thus Gallistel reviews a series of experiments by Gould and his co-workers which seem to demonstrate that bees have maps. Bees were captured as they left their hive on the way to a food source and transported in sealed containers to a point elsewhere in their territory. At that point, the food source was shielded from the bees' view by a line of trees, so they could not see their target location. But nonetheless, the bees when released showed a strong tendency to fly in the direct direction of the food source, even though there was no reason to believe that this was a route they had ever traversed before (Gallistel 1993 [19901, pp. 1359). Gallistel concludes that bees have a mental map of their foraging territory. Indeed, he credits them with considerably subtlety in their use of the map. For if the experimenters "manipulated the dance of returning honey bee foragers so that it indicated a food source in the middle of a small lake ... [other] bees could not be recruited to this dance. If ... the dance of the returning foragers indicated a site on the far shore of the lake, other bees were recruited by the dance" (p. 139).


  If these results are accepted, then bees do indeed have a mental map. But there is some doubt as to their interpretation. Dyer argues that bees fail the Gould task unless they have a view of large-scale landmark features; features which enable them to navigate procedurally, by flying toward a familiar beacon that they recognize (Dyer 1994, p. 251). In effect, Dyer doubted that Gould's experiments excluded the third of Bennett's conditions: perhaps the bees could recognize their general (though not their specific) target from the release point. He reran Gould's experiment with a variation. He released the bees in a quarry, so their natural flying height would not give them a view similar to the one they would have when leaving the hive. And these bees did not fly to their feeder but continued in the direction they had been flying when they left their hive. Bee navigation is extraordinarily efficient, given the size of the bee's brain. But if Dyer is right (the issue is still controversial [see Gould 2002]), bees navigate procedurally by following a series of visual images each of which corresponds to a stage on a familiar route (pp. 250-3).


  


  Perhaps the ability to generate an optimal route between two locations in the territory, enabling the animal to develop a new route, is a sufficient condition of a cognitive map. But is it necessary? Gallistel (1990 [19931) suggested an alternative test. In an experiment of Menzel, juvenile chimps were shown the location of hidden food in their 30 by 120 meter enclosure by themselves, while their companions were confined in a small holding cage. There is no doubt that the chimps recalled the location of the food well: of 288 hidden items, 217 were found, and of these 200 were found by those who had seen them hidden. Since the chimps were familiar with the cage, and could see where they were in it, there is no question of chimps following a route never taken. But Gallistel argues that the actual routes chosen were efficient: seeming to minimize "the total difference covered in collecting all those foods" (p. 166). In effect, the chimps approximated a solution to the traveling salesman problem, and Gallistel suggests that this could not be done unless the chimps had a metric representation of their territory on which they plotted the location of their food. Gallistel's claim is plausible, but the small spatial scale of the experiment suggests that this problem might be solved by a simple strategy. For an approximate solution to the traveling salesman problem emerges if the chimps simply go from one item to the nearest, homing in on one beacon after another. In this case, acting on local cues results in behavior that approximates a good solution to finding the best route (Shettleworth 1998, p. 315). Menzel did indeed test for this possibility in a later experiment, though with macaques rather than chimps, and they do follow the simple heuristic of moving to the item nearest to the one they have just consumed (Menzel 1997, p. 221).


  Thus there seems to be no clean experimental evidence of the use of decoupled spatial representation in nonhumans. Given the difficulty of developing such tests and the small number of animals studied experimentally (no elephants, no cetaceans, few primates) it would be very rash indeed to suppose that nonhumans probably lack mental maps. Moreover, though coding spatial information as a cognitive map is sufficient for decoupled representation, it may not be necessary for it. Animals may be able to use procedural representations of routes flexibly, to power a range of different behaviors. There is some evidence of such flexibility.' While Tolman's experiments could not show that his rats formed cognitive maps, they do seem to show the intelligent use of information. Consider, for example, one of Tolman's striking early experiments on rats' use of spatial information. Rats were trained in a three-path maze, in which the first path was shorter than the second, which was shorter than the third. Rats easily learned both to prefer the shortest route to the food, and to fall back on a second (or third) path when the first was blocked. The first and second path shared a common final section, and the experimenters found a striking result when the first path was blocked at this final section. Though their previous history rewarded a shift to path two when path one was blocked, in these circumstances path two would also be useless, and the smart rat would, and the actual rats did, move direct to path three without trying and failing in path two (Tolman and Honzik 1930)." Since all three paths were familiar to the rats, this experiment cannot show the acquisition of a cognitive map. But it does seem to show that their spatial information about the maze, however they code it, is not tightly coupled to a very specific behavior. My bet would be that tracking spatial layout and using that information flexibly has been one route through which decoupled representation has evolved. But we just do not know the extent to which this route has been taken by our lineage or by others.


  


  3.4 Fuels for Success: Intervention in the Material World


  The discussion of cognitive maps was inconclusive. Decoupled representation may have evolved from flexible use of spatial information, from cognitive maps, but we lack unambiguous demonstration of the existence of such maps. Spatial information is not the only information animals have about their physical environment which has the potential to support a wide range of adaptive behaviors. Animals physically intervene in their environment: they engineer their environment in many ways. They move across and through their environment, often in ways that are sensitive to its physical properties. And, of course, animals depend on their local environment for the resources of life. They need information about their local ecology. In some sense, animals must have information about their physical and ecological worlds. They could not survive otherwise. But do they have this information in a form that makes it available to guide many actions or just a few? That is to say, do they have broad-banded or narrow-banded capacities to use information about features of the world they track? As usual, in confronting this question we are faced by both conceptual and empirical problems: the problems both of discerning the behavioral signature of broad-banded capacities and of trying to find that signature. As with cognitive maps, it is surprising how patchy and inconclusive the evidence for broad-banded response is.


  


  Tool use might manifest knowledge about the physical properties of tools and of the resources they help exploit. Richard Byrne (1997) has recently suggested that great apes' intelligence is a response to the challenge of complex resource extraction. Prima facie, a chimp's use of a hammer and an anvil to crack open a nut shows that the chimp understands that the nut is protected by a hard wooden case, and that that case can be cracked if it is placed on a firm support and struck with the right kind of object. Animals act on their physical environment in many ways, and they must somehow encode information that controls these interventions. But the error patterns they show when confronted with a new problem seem to show that most information is task-specific. If an animal's trials are really blind and all the work in shaping a skill is the reinforcement of chance actions, then the animal has no causal information about the domain that can be used to shape learning a new skill. They do not have decoupled causal information. So the information used to solve one problem cannot be exported to solve a related problem. With some exceptions, animals' physical skills do seem blind in this way.


  For example, there is some evidence to suggest that monkeys' tool use is a consequence of relatively blind trial and error learning. Visalberghi is responsible for a series of experiments on capuchin monkeys in which they have to use a variety of sticks to get peanuts out of plastic tubes. Capuchins mostly succeed, but the errors they make in the trial and error process strongly suggests that they have very limited understanding of the causal properties of the objects in question. For example, given a bundle of sticks tied with a tape, they are just as apt to try poking the tape up the tube to push the peanut out as they are to use a stick. They are as willing to try hopelessly unsuitable sticks: ones much too short, or too wide to fit into the tube. The blindness of these trials is good evidence that capuchins' information about the causal properties of sticks is tied to a specific procedure (Visalberghi and Limongelli 1995). On the other hand, there is more recent work (reviewed in Byrne 2000, p. 554; see also Hauser 1997) in which tamarins were able to select sticks with the right properties when offered a choice."


  


  This test has a general application. If an animal has information about a particular domain, and this information is not tightly coupled to specific tasks, its ability to learn new tasks in that domain ought to be accelerated in comparison to naive animals. For its existing knowledge base should cut down its search space, just as innate information is supposed to explain accelerated learning by cutting down the search space the animal would otherwise have to survey. Could chimps that open nuts by the hammer and anvil method learn, say, to crack coconuts or other much bigger items by adapting their method, choosing bigger anvils? Some populations of chimps "fish" for termites, pushing twigs into termite mounds, then pulling out the stick and sucking off the termites. Could they adapt their fishing techniques to exploit other social insects? Our suspicion about capuchins' limitations are reinforced by the fact that they are unable to generalize one solution to a slightly different problem. Povinelli has argued that chimps have the same limitations, and hence do not have belief-like representations about their tools and how they work. He and his co-workers conducted a long series of experiments on chimps' tool use and physical manipulation of their environment, and these experiments seem to show that they learn by trial and error, guided by reinforcement. He thinks free-living chimp technologies have similar explanations (Povinelli et al. 2000). His case is apparently powerful. But, as we shall see in the next chapter, his experimental subjects were raised in very unnatural conditions, and this suggests legitimate questions about the extent to which we can extrapolate from Povinelli's chimps to chimps in general (Allen forthcoming).


  


  Perhaps, outside our lineage, the best chance of finding decoupled representation of the causal properties of objects is in birds, not other primates. New Caledonian crows are omnivorous and opportunistic foragers. Like other birds, these crows drop nuts onto rocks, and use leaves and twigs to pry prey out of their hiding places. Unlike other birds though, these crows do not simply use what comes to talon and beak: they manufacture tools of two kinds (Hunt and Gray forthcoming). These tools are appropriate to their tasks, and they carry the tools around with them, rather than discarding them after use. Gavin Hunt recorded the use of two types of tool: one made from a live twig, with a hook at one end, the business end, and the extraneous leaves and bark trimmed from the gripping end. The other consists of pandanus leaves, trimmed to a point, cut on one side, but with barbs on the other. Hunt concludes that:


  Crow tool manufacture has three features new to tool use in free-living nonhumans, and that only first appeared in early human tool-using cultures after the Lower Palaeolithic: a high degree of standardisation, distinctly discrete tool types with definite imposition of form in tool shaping, and the use of hooks. (Hunt 1996, p. 251)


  The ontogeny of this tool use in the wild is unknown. But preliminary results from a pair of captive birds suggest that these crows are sometimes capable of fashioning new materials into new shapes when needed: on its first trial, one of the captive crows (but not the other) bent a piece of wire into a novel and appropriate shape to extract food otherwise inaccessible (Weir et al. 2002). The sample size is tiny, but this is just the kind of test that Povinelli's chimps failed.


  Our information is still very patchy. But most animals, it seems, do not have decoupled representations about the mechanical properties of the objects they manipulate. Their information about these properties is very closely linked to particular actions. But another possibility is that animals have evolved a belief store about the resource ecology of their environment: learning when fruit becomes ripe; which underground tubers are good to eat; which are poisonous; what is dangerous; which trees provide good shelter, and so forth. Animals do not just have information about the spatial layout of their territories. To survive they must have a good deal of information about the resources and dangers of those territories, and how they vary over space and time. Once more though, there is a serious issue about the extent to which this information is task-specific. An orang-utan's information about the ecological profile of her habitat might consist of a collection of informational and behavioral atoms, each established independently of the others, and each functioning discretely. Her information about the ripeness and the location of a stand of durians"' in her territory might only be available to guide one type of action, namely feeding in those trees, and not, say, to predict the behavior of other durianlovers. Her knowledge of poisonous or distasteful plants might be no more than a set of independent aversions, each individually primed by recontact.


  


  One problem is that of devising an appropriate test for decoupled representation of ecological information. We have quite good tests for cognitive naps and for causal understanding of tools. It is not easy to find an equivalent that applies to ecological information. How could we show whether, say, an orang-utan or a gorilla had decoupled representations of ecological features of its environment, rather than task-specific information? One possibility is to see whether ecological information interacts with social information.'' More valuable resources are more powerful motivators for other agents. So an orang-utan who could take into account the value of a resource in predicting others' competitive efforts would show a somewhat broad-banded response to ecological information.


  Once more though, there are serious limits on what we know. There is anecdotal evidence that elephant matriarchs recall information about watering holes and feeding sites that are not used in ordinary seasons, but which play a critical role in survival in rare droughts (Moss 2000). Such evidence is hard to evaluate, but if animals have evolved decoupled, belief-like representations about the resource profile of their environment, we might well expect to find it in long-lived animals occupying very large territories subject to considerable variation from year to year. My suspicion about resource information is similar to that about spatial information. My bet is that a broad-banded response to resource information has evolved in our lineage and that of others, and that it has played an important role in the evolution of decoupled representation. But there is surprisingly little unequivocal evidence of these capacities.


  


  3.5 Reprise


  Let's review the story so far. I began with the simplest form of control systems that are sensitive to environmental contingencies, and argued that while such detection systems can reliably deliver adaptive behavior in transparent environments, they cannot do so in translucent environments. In epistemically less tractable environments there is selection for the evolution of robust tracking. Robust tracking is clearly more cognitively complex than detection, but the action repertoire it guides can nonetheless be very limited, for there is no necessary connection between the sophistication with which a creature tracks an aspect of the world, and the richness of its behavioral response to that feature. While it may be necessary, robust tracking is not sufficient for the evolution of representational fuels for success. Intentional systems, if there are any, guide their action at least in part by decoupled representation: registrations of the environment that are relevant to many possible actions but functionally specific to none. In considering both spatial representation and interventions in the material world, it has proved hard to find unequivocal evidence of such fuels for success. This is due in part to the sheer difficulty of collecting relevant data. In part it is also due to the limitations imposed by experimental design. And in part it is a consequence of unclarity about the specific behaviors that would unambiguously flag the existence of decoupled representation. As we shall see in the next chapter, these difficulties persist in the flagship case of rich representation, social intelligence.
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  FUELS FOR SUCCESS:

  THE SOCIAL

  INTELLIGENCE

  HYPOTHESIS


  4. 1 The Cognitive Demands of Social Life


  In this chapter I shall develop two themes. The first is a (qualified) defense of the idea that the cognitive demands of social life played an important role in the evolution of decoupled representation, of belief. The social life of great apes (especially chimps' social life) is complex, dynamic, and demanding. Moreover, social competence is clearly essential for a chimp's successful life. But while that social competence does depend on certain important cognitive adaptations, including belief-like representation, I do not think chimps require a theory of chimp minds to navigate their social world. So the second theme is a somewhat skeptical response to the proposal that those cognitive demands include metarepresentation, beliefs about beliefs. Of course, even if chimps do not need a theory of chimp minds, it would not follow that we do not require a theory of human minds to navigate our social world. Perhaps we do. But the supposition that social competence depends on psychological competence overlooks the support other cognitive adaptations can give in underpinning successful action in a complex social world. And these are important for us too.


  The social environment is critical to the biological success of many animals. Moreover, social environments are cognitively complex. That is especially true of primates. Most mammals are sensitive only to the social relations second parties bear to them. They register the fact that they outrank, or are outranked by, another. They are sensitive to the fact that another animal is their mother, their sib, their offspring, unrelated, a stranger. Their social Umulelt consists of how others stand to them. But it does not include how others stand to one another. In contrast, primates register and respond to third-party relations.' For example, they redirect aggression against the kin of those they have been in conflict with, thus showing that they register third-party kin relationships. (Tomasello 2000). Since primates are sensitive to third-party relationships, their own social behavior is harder to predict that that of other animals. The greater the number of factors that influence an agent's behavior, the more an observer needs to notice if she is to predict that agent's action. Moreover, the right action - the fitness-maximizing action - will rarely depend on just one feature of the social environment. The appropriate behavior will be contingent on the value of a resource, the responses of competitors, the physical circumstances of interactions with those competitors, and the presence and attitude of third parties. So primate social environments are probably informationally translucent. Primates often live in worlds in which there is information available about other agents' intentions, but that information cannot typically be read off a single cue.


  


  These features of social life, especially primate social life, suggest that successfully navigating the social world requires a system of protobeliefs. This suggestion is reinforced by two further factors. First, information is often not acquired at the time at which it is used. Second, that information will often be relevant to more than one action. Consider, for example, female choice. There is suggestive evidence that extra-pair copulation is often directed at males that can deliver resources (either economic or genetic) to those females. Sometimes those resources will be advertised by physical signals that are immediately available in perception. But they may often be displayed only by a male's role and history within the group, by his having done the business. Such information would not be available online. It would have to be assimilated to memory and retained for possible later use. A delay between recognition and action, and a many-to-many relationship between information packets and actions to which those packets are relevant, select for decoupling recognition and action.


  So perhaps animals and especially primates construct social leaps: maps of family relationships and social hierarchies in their groups. Such maps are a plausible origin of belief-like representations. Social hierarchies and family relations show the right amount of stability over time. Social hierarchies change, but not very fast. Many social groups are ensembles of matrilines, and once an animal's place in such a matriline is established, it changes slowly or not at all. Other animals live in more dynamic environments. But even in these, information about hierarchy, alliances, and enmities will have a reasonable shelf-life. These considerations support a prima facie case for "the social intelligence hypothesis." Moreover, that prima facie case looks stronger when we consider the issue in a little more detail. The cognitive challenges posed by social life, especially the social life of animals living in relatively fluid social groups, are significant. They include:


  


  Mc,norl/ tk'niaiids: The need to recognize other individuals in your group as individuals imposes heavy demands on recognitional capacities and memory. As Dunbar has often emphasized (1996; 1998; 2001), this is especially true of larger groups. To map a social hierarchy, and one's place within that hierarchy, an agent needs to recognize and remember individuals as individuals. Moreover, an agent's own status depends not only on sheer size and strength, but on social networks. Specific relationships must be monitored and maintained, and, of course, they cannot be maintained unless the agent remembers specific individuals and how he or she stands with them.


  Action is ev!k'ctntion-deptcndtent: How others act depends on their expectations about your actions. An agent is vulnerable to exploitation if his or her own behavior is too stereotyped and hence easily predictable. And an agent is likely to be taken by surprise by others if he or she expects others to behave the same way in the same circumstances. For intelligent animals learn from their mistakes. Invariant rules of thumb probably work poorly in such social environments, and hence we would expect major fitness differences between a social action optimized to its particular situation and an all-purpose response. Thus I doubt that rational behavior can be founded in "fast and frugal" heuristics. I think it is no accident that the examples of such heuristics in action ignore interactions with other intelligent agents, especially competitive agents. For it is precisely in such situations that simple rules of thumb will go wrong (see chapter 10.9). Catching a ball is one problem; catching a liar is another.


  However, the view that invariant rules have poor rewards does depend on an important assumption about the costs of error. In some circumstances those costs can outweigh the benefits of acting on the basis of your expectations about others' actions. Consider the classic Prisoner's Dilemma matrix:


  


  Temptation > Reward > Punishment > Sucker's Payoff


  Temptation is the payoff for defecting against a cooperator; Reward is the payoff for cooperating with a cooperator; Punishment that for defecting against a defector; and Sucker's Payoff that for cooperating with a defector. There may be circumstances in which the Sucker's Payoff is appalling. Since there can be no perfectly reliable signal that the other player will cooperate, "All Defect," avoiding that danger, would then be the fittest option. The cost of error outweighs the benefit of cooperating with other cooperators. Equally, there are possible circumstances in which unconditional cooperation may prosper. Suppose, for example, we have a group in which warning calls are very important to everyone's prospects of escape, but the extra danger to the caller is not great. In those circumstances, "All Cooperate" may do better than conditional cooperation. Conditional cooperators will occasionally defect when they mistakenly identify defection in others, sinking the group into mutual punishment.' Standard models of games like Prisoner's Dilemma assume that most social interactions involve modest relative differences: T is not huge compared with R; SP is not fatal. Thus small relative differences were built into the payoff structure of Axelrod's famous computer tournaments (Axelrod 1984). If this assumption is right, then the cost of error facing conditional strategies is unlikely to overwhelm the gains of modulating response to expectations about other agents' actions. Investment in epistemic technology would then pay its way. If that assumption is false, if T is often huge or SP is a calamity, then the evolution of cooperation is even more mysterious.


  Social learning: Social learning potentially involves great benefits: the chance to exploit the expertise and information of others, and the chance to avoid the costs of error (including the cost of delay) involved in learning by trial and error. These benefits are greater still in the fission-fusion societies of some primate species. The chimp species (and almost certainly our hominid ancestors) spend some of their time by themselves or with a small number of others, and some of their time in large groups. Dennett has pointed out that a social environment of this kind creates a marked "information gradient." Different animals in the group will have overlapping information about their local environment. Information gradients set up an opportunity to use others as instruments for finding out about the world (Dennett 1983).


  


  Some social learning is passive. The ordinary ecological activities of adults affect the flow of information to juveniles as they accompany adults on their daily round. Juveniles with experienced adults selectively experience the adult's territory. This influences what the juvenile learns without calling for any special investment by the juvenile. On the other hand, agents that actively exploit the information and skill gradients in social groups face special cognitive problems. Language is clearly one mechanism by which information flows across a gradient, and one with profound cognitive costs and consequences. But it is not the only one. Learning by true imitation requires special cognitive capacities: capacities which seem to be relatively unusual among nonhuman animals.


  In sum, social information often arrives slowly. And while such information is important to agents, it is often relevant to many possible actions rather than specifying the appropriate condition for a specific action. It does not come labeled for relevance as does information about resources or threats. Other agents in your group are typically both potential competitors and potential allies, and that difference bears on the salience and relevance of information. Moreover, social environments often impose heavy memory demands, select for special learning skills, and force agents to take into account the likely response of others in selecting their own action. The idea, then, that intelligence in our lineage is explained by the social complexity of primate, great ape, and hominid lives is very plausible.


  4.2 The Social Intelligence Hypothesis


  There are many different versions of the social intelligence hypothesis, identifying quite different features of the social environment as the crucial drivers of cognitive change. Yet despite the ambiguities surrounding these hypotheses, they have a common core. Many animals live in cognitively demanding social environments, and this has consequences for cognitive evolution (see Byrne and Whiten 1988; Dunbar 1996; Tomasello 1999; Whiten and Byrne 1997). A social map would be an important tool for a social animal, for action in such worlds very likely depends on belief-like representation of the social environment. That is, it depends on representations not tied to specific responses, but instead relevant to many possible actions. That is true whether we think the key cognitive problem posed by social life is group size, tactical deception and counter-deception strategies, communication; or cooperation and guarding against cheats.


  


  However, the social intelligence hypothesis is not just a candidate explanation of the evolution of cognitive architectures roughly of the kind pictured by folk psychology. It is also thought to be an explanation of the evolution of these interpretative capacities themselves. The social intelligence hypothesis explains more than the fact that great apes have a belief-desire architecture. It also explains the fact that they, and we, are aware of the fact that other agents have belief-desire architectures. For the demands of social life force great apes to become interpreters of other agents, and the great apes interpret other agents by tracking their psychological states. They come to have something like beliefs about the mental states of other agents, and something like beliefs about the connection between mental states and action. That is, they come to have a rudimentary theory of other minds. In a widely used but very misleading phrase, the great apes have become "mindreaders" rather than "behaviour-readers."


  If this picture can be sustained, it would dovetail neatly with the Simple Coordination Thesis. Here is how the fit would work:


  I The increasing demands of social life drive the evolution of agents with intentional psychology: that is, agents with a cognitive architecture characterized by:


  (a) rich representation: these agents track a rich array of factors about their social and physical environment;


  (b) decoupled representation;


  (c) in virtue of (a) and (h) the control of action becomes more complex, for the agent notices more about the world, and more of what they notice is relevant to each choice. As a result of the increasing complexity of control, these agents come to have preferences as well as beliefs.


  


  2 As a consequence of (1), the behavior of other agents is less dependent on immediate features of their environment. Prediction of what other agents will do remains critical to fitness but it becomes more difficult.


  3 The only plausible solution to (2) is to evolve, despite its costs, a prediction engine: a capacity that enables an agent to predict other agents' behavior reasonably accurately via a reasonably accurate picture of those agents' inner world.


  4 Folk psychology is that prediction engine. Our ancestors, perhaps including the last common ancestor of the hominids and the great apes, probably had it too, albeit in a rudimentary form.


  So we can read the social intelligence hypothesis as a hypothesis about (a) why we have the fundamental cognitive architecture we do; (b) why we have a picture of our mental lives and those of others; and (c) why this picture is veridical.


  The social intelligence hypothesis is very plausible, but its relationship to the Simple Coordination Thesis is much more equivocal than this line of thought suggests. The rest of this chapter does not undermine the idea that the demands of social complexity select for a cognitive structure something like that depicted by folk psychology: decoupled representation and goal-based rather than drive-based motivation. But it does undercut the idea that the demands of social life have driven the evolution of a theory of the mind that is more or less right, and which socially adept agents use to anticipate and manipulate the behavior of other agents.


  I shall argue that mapping the social world, and using that map to interpret and anticipate the actions of other agents, depends on a cognitively sophisticated understanding of other agents' action and the social facts that constrain those actions. But it need not involve tracking the psychological causes of those actions. Furthermore, agents can track and respond to the mental states of other agents in their social group without having anything that approximates a theory of mind. The dichotomy between so-called "mind-reading" and "behaviour-reading" is false, and reliance on this dichotomy makes the inference from the social intelligence hypothesis to the Simple Coordination Thesis seem stronger than it really is.


  My overall line of thought is that great apes have cognitively sophisticated social skills, but these do not depend solely, and perhaps not even centrally, on a psychological model of other agents. This claim about extant great apes has implications for the evolution and operation of human minds. There is no doubt that if we have beliefs at all, some of them are about the thoughts of others. If we have beliefs, we have beliefs about beliefs. But there is considerable doubt about the extent to which these beliefs are systematized into anything like a theory, a theory that would explain our skills of interpretation. We may instead, or as well, rely on empirical generalization: rules of thumb about how others act in certain types of situation. Moreover, some of our predictive capacities may depend on skills that are more like pattern recognition than a Sherlock Holmes-style chain of reasoning: think of skilled poker players' suspicions that another is bluffing. Suppose that the social skills of great apes depend only on representations of social facts, facts about behavior and (perhaps) simple rule of thumb generalizations that connect thoughts to deeds. This would weaken the tie between being socially savvy and being psychologically savvy. In turn, that would make more plausible the suggestion that our own interpretative capacities do not mostly depend on a highly theoretical representation of the minds of other agents. For we have inherited and upgraded these representational capacities too.


  


  4.3 The Cognitive World of the Great Apes: Imitation


  On one version of the social intelligence hypothesis, a major breakthrough in cognitive evolution took place as the great apes evolved. Selection for social intelligence acted on a lineage of animals who were already large-brained, and who were not prevented by energetic, life-history, or architectural constraints from further investment in cognitive resources. These animals evolved a range of social abilities that in turn depended on a theory of mind, albeit a fairly rudimentary theory of mind. I shall argue that complex social skills can be supported in other ways. Selection for social competence need not translate into selection for a theory of mind.


  Consider one of the poster examples of tactical deception. A juvenile baboon watches an adolescent laboriously digging up a tuber. Before the adolescent has a chance to enjoy the fruits of her labors, the juvenile screams as if she had been attacked. Her mother, until then out of sight, arrives, jumps to the obvious conclusion, and chases the adolescent, leaving the juvenile free to eat the tuber, which she does. The anthropomorphizing interpretation of this episode is that the juvenile wanted her mother to believe she had been attacked, because she knew that her mother would then chase the adolescent, leaving the field to her. The alternative, deflationary, chance-reinforcement hypothesis has it that such behavior had previously been reinforced by accident. Perhaps the juvenile really had once come too close to the adolescent's food and had been threatened. The infant then screamed, with the consequences above. There is a third possibility. The juvenile understands social structure and social roles. She understands (a) that her mum outranks the adolescent; (b) that if she screams her mother will come; (c) that if her attention is directed at the adolescent when her mother arrives, her mother will chase the adolescent; (d) that the food will then be available.


  


  This example illustrates an important general point. Agents who understand their social environment, and the behavioral regularities such environments enforce, are often in a position to anticipate the actions of other agents. The social worlds of other agents often constrain their actions. These constraints will often make behavior predictable. Moreover, if agents can recognize the function of one action, they are often able to predict the next. Identifying a sound as a warning call, or a gesture as a threat, is predictively salient. Identifying function is cognitively sophisticated. But it does not require a theory of mind, or even the ability to track the mental states of others. For threats are not defined by their proximate psychological causes but by their role in social life. Social competence can be supported by an array of cognitive adaptations, not just theory of mind.


  I shall discuss this line of argument through a specific example, imitation. Imitation has been the focus of an enormous amount of attention because (a) it has been taken to be a very cognitively demanding form of social learning, one requiring metarepresentational capacities; (b) there are persuasive reasons for thinking that it plays a critical role in the evolution of complex cultures (on this, there is more in sections 6.4, 8.2, and 8.5); and because (c) there is considerable controversy about the extent of learning by true imitation outside the hominids. I begin by discussing the extent to which imitation plays a role in great apes' social learning, and then I discuss its cognitive demands.


  Do great apes imitate?


  There is no doubt that socially mediated learning is important for many animals. They do not come preprogrammed with an appreciation of the opportunities and dangers of their environment. Their social experience is important to their development. Oystercatchers acquire from their parents one of the two approved oyster-opening methods. Naive monkeys develop a fear of snakes by exposure to the fearful responses of adults. Chimps and gorillas often need to learn quite complex processing techniques to exploit some of their food sources. There has been recent documentation of behavioral traditions distinctive of particular chimpanzee communities (Whiten et al. 1999), so socially mediated learning plays a role in the ontogeny of much animal behavior. But not all social learning involves imitation. Learning can be socially mediated in a number of other ways. Adults in the normal course of their daily activities expose infants to some experiences and opportunities and shield them from others. The infant learns by trial and error experimentation, but the trials it makes are biased by adult behavior. They structure the flow of experience to an infant. The famous example of potato-washing by Japanese macaques is now generally accepted to be the result of socially mediated trial and error learning.'


  


  Environmental structuring in itself makes no assumptions about juvenile interest in or attention to adult behavior. But often juveniles are drawn to adult behavior. "Social priming" or "stimulus enhancement" makes certain aspects of the environment particularly salient to juveniles. It is easy to see how this could be adaptive, in drawing attention to events and activities about which the infant should learn. A mother eating a banana focuses her infant's attention on bananas, the possibilities of which it is then more apt to explore. This accelerates trial and error learning. The infant differentially explores its immediate environment. Learning can be primed still further if the juvenile becomes aware not just of an activity but its outcome, and thereby acquires the motivation to generate similar outcomes. The nut, or the termite mound, is not just salient. The juvenile becomes aware that these are resources. Its social experience has taught it about a potential resource, but not how to exploit that resource. A young chimp may notice that adults can get nuts by somehow banging away at them, and thus it may explore various ways of placing and hitting nuts intending to open them somehow, not having noticed exactly how the adults turned the trick. This is low-fidelity imitation, for some information about how to exploit the resource has flowed from model to student as the student has observed the model. But in true imitation a mimic acquires a skill from a model by noticing not just the outcome of the model's actions: say, a nut is broken open and food is extracted. The mimic notices and uses the inodcl's technique as well. The more such information the mimic notices and uses, the greater the fidelity with which a technique is transmitted.


  


  So similarity in adult and juvenile behavior does not in itself show imitation. The crucial test is to devise problems which have multiple solutions, to see whether the naive subjects tend to copy not just output but also procedure. We design tasks with two solutions; this is known as the "two-action test." Imitation is distinguished from trial and error learning if the naive animal solves the problem is the same way that the model does. Tests with this structure have been devised. It is now reasonably clear that chimps can be trained to copy actions.} For example, they can be trained to imitate a particular set of humanmodeled actions (raising two arms, patting the stomach, and the like) and then can generalize to new actions not in the training set. Notice though that these acts are not solutions to problems. We cannot draw a distinction between means and ends, and test to ensure that a mimic is achieving the same end with the same means as the model. So this test does not show that problrnt-solving skills can be acquired by imitation. However, Whiten has run experiments in which chimps see models opening "artificial fruit" - structures that contain a food reward and which can be opened in a variety of ways. And chimps can learn from these demonstrations, though not easily. Only after the third demonstration did the order of actions by the model begin to be reflected in the order of actions by the mimic (Whiten 2000). In experimental settings imitation is not restricted to great apes. It is also found in birds, who can learn from actions modeled by other birds.' And there is some evidence (though it is in need of replication) of both motor and vocal imitation in bottlenose dolphins (Rendell and Whitehead 2001).


  It is probable, then, that in specific experimental contexts chimps can learn a skill by watching a model. But what is the role of imitation in natural environments? Answering that question is difficult, for evidence that would distinguish true imitation from stimulus enhancement is hard to find in natural settings. Even where there are alternative ways of solving the problems posed by an animal's natural environment, one solution may be easier for the animals to find than the others, so a population using the same technique may consist of individuals who have independently converged on their best method. Perhaps the best we can hope for are fallible indicators of imitation. Thus Byrne (1995, p. 67) regards similarity in fine-grained motor patterns as evidence for imitation. And he puts considerable weight on observational and anecdotal evidence about parrots, apes, and dolphins, because the reported behaviors were not species-typical (p. 75). For that reason, they are not likely to be a consequence of the animals' normal maturation. The behaviors could result only from imitation or trial and error learning. If the experimenter can rule out trial and error, only imitation remains.


  


  Whiten appeals to similarity within groups and differences between groups in arguing for the existence of imitation learning in natural populations. He argues that some social differences are natural analogs of two-action tests. For example, Gombe and Tai chimps both engage in ant-fishing, but they use somewhat different techniques:


  At Gombe chimpanzees use a long wand (average 66 cms) to gather many ants which are then swept off with the free hand and eaten as a large mass. At Tai a shorter stick is used to gather about 15 ants at a time, which are then swept off with the lips. The Gombe method is overall about four times more efficient ... materials are appropriate for using it at Tai, but the chimpanzees ... have never discovered it. (Whiten 2000, p. 487)


  Rendell and Whitehead make similar claims about the differences in resource use and social organization between "resident" and "transient" killer whale groups off Vancouver: residents are fish-eaters; they live in larger pods whose membership is very stable indeed, and each pod has a distinct set of calls. "Transients" live in small, less stable groups and depend more on marine mammals for their food (Rendell and Whitehead 2001).


  Clearly, imitation is one way a difference in material culture of this kind might arise, but it does not seem to be the only possibility. Consider the chimp example. Once a difference arises, it can be maintained by stimulus enhancement. Mothers at Gombe use long wands. So these both become more salient to their offspring and they have more opportunities to learn to use such sticks by trial and error procedures than do young Tai chimps. Tai learning environments make shorter sticks salient and provide trial and error learning opportunities with such sticks. The same mechanism could explain stable practices in killer whale groups: the offspring of seal-killers experience seal harvesting. In short, while there may be some examples of behavioral traditions maintained in primate populations by imitation, the best guess is that social learning in nonhuman primates does not depend heavily on high-fidelity imitation. Social learning is important for these species. But much of that learning can be explained by socially mediated trial and error learning, perhaps enhanced in various ways. Imitation might play a role, but it seems unlikely to be a central role. As Tomasello (1999) notes, there is no evidence of cumulative cultural learning, of innovations being passed on by imitation to become a foundation for further improvement. We would expect this pattern if high-fidelity imitation were central to great apes' learning.


  


  What does imitation demand?


  Suppose that this best guess is wrong. Would that establish that great apes (or killer whales) had something like a theory of mind? Ten years ago this was the claim. The line of thought went as follows. Think of a chimp seeing a model opening nuts with a hammer and anvil. The mimic wants to open nuts, and it transforms a representation of the model cracking them as seen from a spectator's vantage point into a representation of nut-cracking seen from the point of view of the agent itself. The mimic is then able to compare its own attempts to open nuts with this stored and transformed representation of successful opening. This comparison is used to improve its own attempts. Byrne, Whiten, Ham, and others took this to involve a theory of mind.


  To imitate in the visual mode involves B copying an action pattern of A's that was originally organised from A's point of view ... It is necessarily a different pattern from B's point of view, yet it has then to be re-represented in its original organisational form so as to be performed from B's point of view. The expression "re-represented" seems unavoidable and is used advisedly: it translates as second-order representation or metarepresentation ... To put the idea graphically; we might say that B has to get the program for the behaviour out of A's head: in other words, to engage in a type of mind-reading. The hypothesis predicts that, as acts to be imitated become more complex, so it will be difficult to achieve imitation when the viewpoints of model and imitator differ, as opposed to B watching over A's shoulder. (Whiten and Ham 1992, p. 271)


  


  Whiten and Ham accept here a certain picture of the cognitive process underlying imitation, one involving transforming between points of view. The perceptual representations of another agent using a hammer are quite different from the perceptual representation of my use of a hammer, even if both are visual representations. So the thought is that imitation requires a transformation between one representation system and another, and that in turn requires the agent to represent representations."


  The link between imitation and a theory of mind depends on the supposition that imitation involves a translation between points of view: the mimic represents something like the model's motor pattern as seen by an onlooker, and turns it into a representation of a motor pattern as seen by the agent himself. But that is not the only possibility. Consider the skills involved in using a hammer and anvil to open tough nuts. If the mimic represents the model's behavior functionally - pick up a rock in the grasping hand; hold the nut facing away; place it on a smooth hard surface - there is no need to transform between points of view. If, in seeing nut-cracking, the young chimp constructs something like a recipe, no point of view is involved. The chimp copies a sequence of interventions and outcomes, not a motor pattern.


  


  Byrne himself makes a similar point in introducing the idea of a behavioral progranr. He suggests that great apes' skills sometimes have an overall functional organization. His favored example is the preparation of recalcitrant plant food by gorillas. If adult gorillas' thistle preparation is a behavioral program, juveniles might learn from adults by imitating the program - the organization of their behavior - rather than specific motor sequences (Byrne 1995, p. 68; for a skeptical response see Whiten 2000).


  The idea of a behavioral program is important, for motor imitation would be a poor learning strategy. Juveniles are less strong than adults, and many of the components of an adult skill have become automatic, skilled, rehearsed. Often, then, if juveniles try to copy an exact motor pattern they will fail. They would be much better off if they could analyze an action sequence into a behavioral program, and then use the strength and skills they have to execute those elements. Thus the idea that primates might represent a behavior program rather than an exact motor sequence is important. But it undercuts the idea that imitation demands transformation between perspectives. Imitation is still significant, for it involves an important capacity for abstraction. It would be cognitively sophisticated without being a "mind-reading" skill.


  The extent to which imitation plays a role in the social learning of chimps and other primates is obviously important if our interest is in the evolutionary effect of imitation, its effect on the evolution of culture. If hominids are the only animals regularly learning by imitation, these effects will be found only in the hominid Glade. But it also matters if our interest is in what imitation shows about the cognitive architecture of the mimic. If imitation were an infallible indicator of a specific cognitive structure, the rate of imitation would not be important. The crucial question would be: could they imitate at all? But we have already seen that animal minds are often mosaics. They are clued up about some of the challenges that face them, and simple-minded about others. Suppose that juvenile chimps do indeed decompose termite-fishing into functional components. It would by no means follow that they categorized other aspects of their environment or behavior in similarly functional, nonsensory terms. If my hunch that imitation depends on functional categorization is right, then we would need to find out not just that chimps were capable of learning by imitation, but what they could learn by imitation, and in what circumstances.


  Let's summarize the state of play so far. Imitation is not necessarily a theory of mind task, but it is a cognitively sophisticated one. The evidence is patchy and indecisive, especially of imitation learning in natural settings. But chimps, and probably their close relatives, are certainly capable of considerable social learning, and that probably involves imitation, though perhaps in highly constrained circumstances. Moreover, there is some other evidence of an ability to analyze behavior functionally, for chimps sometimes succeed in "role-taking" experiments, and these too can be solved if the chimps in question can identify the behavioral programs to which they must contribute (Whiten 2000). The notorious mirror self-recognition experiments may be relevant here. They show that chimps can identify actions on the basis of novel sensory cues, using an unusual visual input to control action.'


  


  On one way of thinking about the social intelligence hypothesis, agents become more cognitively and socially sophisticated by developing metarepresentational capacities: by the evolution of the capacity to have beliefs about beliefs. They evolve from behavior-readers to mind-readers. This analysis of imitation through the idea of a behavior program illustrates an alternative possibility. Evolution might build agents with richer representational resources than a database of stimulus/response contingencies by generalizing the stimulus condition and response from ones defined by perceptual similarity to ones defined by functional similarity, that is, in terms of the agent's socioecology. Imagine that Abe, a proto-baboon, stores information about Basto in the form:


  if Basto hears a noise like so, Basto will act like thus,


  where the "so" is a sensory specification of the noise, and the "thus" is a specific motor pattern. Consider the increase in predictive power if in one of Abe's descendants, the "so" is replaced by a description of the salient ecological causes of such noises - "noise of the kind caused by large terrestrial animals" - and the "thus" is replaced by a specification of the problem-solving response - "will orient toward the noise, and attempt to move into a position from which there is an unobstructed line of sight to the animal causing the disturbance." If we persist in the "behavior-reader" terminology, Abe and his successor are both behavior-readers. But this terminology obscures the great difference in their ability to predict their fellow animal's actions.


  


  To learn from experience, an agent has to categorize that experience, to group tokens into types appropriately, and then notice that certain kinds of experience predict other kinds of experience. An agent can group action tokens into action types by perceptual similarity, as in our proto-baboon example above. He can do it functionally: so token acts of hammering are grouped together as hammerings, whether the hand or foot is used to grasp the hammer, and no matter what is used as a hammer. In section 4.3 1 have argued there is some evidence of great apes' functional understanding of behavior, and I have further argued that if chimps have evolved such capacities, they would much enhance their learning and social skills. I turn now to the extent to which they identify and exploit the cognitive causes of behavior.


  4.4 The Cognitive World of Great Apes: Tracking Other Minds


  In this section, my general strategy is to sketch an account of representational resources that are (a) richer than those that would be possessed by an agent capable only of recognizing, remembering, and acting on other agents' stimulus/response contingencies; (b) sufficient to guide successful behavior in a socially complex world of other intelligent agents; and (c) does not presuppose that the agent has the full repertoire of adult intentional attribution.' I shall suggest that agents can become more cognitively sophisticated by (a) developing the ability to robustly track the psychological causes of behavior in other agents, and (b) by increasing response breadth. I begin by sketching the conceptual landscape with the aid of a thought experiment, then focus the discussion through an extended and important example: the capacity of chimps to track visual attention. To reiterate the point made at the end of section 4.2, at issue is not just what chimps know about other minds. The more social competence can be founded on cognitive architectures of this kind, the less compelling becomes "the argument from success" for supposing that intentional psychology is a true theory of human cognition. Suppose we were able to show that chimps do not have beliefs about beliefs, but were still adept at predicting what other chimps do. We should then be more skeptical about the idea that our social competence shows that our interpretative ideology is a true mirror of the mind.


  


  Let me begin with a thought experiment about tracking. Primates in general adapt their behavior to the psychological states of other primates. Bonobos, for example, respond differentially to chimps that are motivated to attack them. That is, they often recognize the clues that signal the imminence of attack. If, as de Waal (1989) suggests, bonobos appease angry behavior by trading sex for peace, they track anger. They recognize and respond to sets of behaviors that are cues to, because they are consequences of, particular psychological states. So in this very minimal sense, primates track the psychological states of other primates. They respond, often appropriately, to the threat of attack in virtue of a flow of information about the motivational states of the potential aggressor to the mind of the responding primate. However, tracking mental states is one thing; tracking them robustly is another. It might well be the case that anger-mediated behavior has a distinctive sensory signature, or that the only angry states that bonobos recognize share a distinctive sensory signature. In that case, though the bonobos would indeed track anger more or less well, they would be wholly reliant on that sensory signature, and would track anger only as a by-product of tracking the sensory cue. If the sensory cue and the psychological cause diverged, a cuebound bonobo would follow the sensory cue, not its typical underlying psychological state. Our thought experiment supposes otherwise. Suppose, then:


  I One bonobo always reads actions a, b, c, d, e ... as actions of the same type;


  


  2 Actions a, b, c, d, e are in fact (almost) always generated by anger;


  3 a, b, c, d, e ... do not have any single simple sensory cue in common. We shall see that chimps may track visual attention by a simple cue, "face visible." E3onobos, let's suppose, do not track anger like this. Body posture, facial expression, vocalizations can all independently feed into the registration of threat. If the anger behaviors that the bonobo categorizes together share no single distinctive sensory cue, the bonobo is not stimulus-bound with respect to anger, but can track it via a variety of its manifestations.


  Putting this together, then, a primate responds to the mental state of another if it can track - that is, it responds distinctively with some reliability - to some suite of behaviors that are actually caused by some specific mental state. It tracks that state robustly if it is not cuebound. In other words, if condition 3 holds, we are imagining that the emotional states of other bonobos are signalled translucently, but that those signals are registered nonetheless. For one bonobo, working out that another is angry is neither easy nor impossible. And we are imagining that this is information worth having. Once you have that information, it predicts something important about the other agent's future.


  Notice that multiple tracking in and of itself says nothing about whether a bonobo's representation of another's anger is decoupled or whether it is linked to a specific action. The fact that another bonobo is angry might have very specific downstream consequences for its actions, and anger-tracking might itself drive a very specific, invariant response. Social intelligence can also be increased by an increase in an animal's breadth of response to features of the world which it registers. And this returns us to issues of experimental design, to what experiments tell us about what animals can do with what they know. As we move beyond thought experiments to real experiments, we need to bear two issues in mind. The first is the tracking problem. Is one agent's response to another driven solely by a simple sensory cue, one that covaries well enough with the underlying psychology of the other agent so that it mostly guides action adaptively? Or does the agent robustly track the underlying psychological state itself? The second concerns response breadth. Suppose an agent really does track the underlying causes of another's actions. What can they do with that information? Unless they have fairly open-ended capacities to use information about others' psychological states, they do not have decoupled representations of those states. They have no belief-like states about other minds.


  


  I think it is fair to say that the experimental literature has been more focused on the first of these issues: on tracking. For example, Celia Heyes, in her skeptical review article argued that many experiments were not powerful enough to show that great apes have a theory of mind. It is striking that her own suggestion, though, probes only the issue of tracking, for she suggested a variation of Povinelli's "knower/ guesser" paradigm. The basic setup is that the chimp can see into a room, and can see who is in that room. The chimp can also see that something good to eat is being placed in a bin, but the chimp cannot see which bin it is in. But the person, or people, in the room can see where the food has been hidden. The procedure is to train the chimps to ask for advice about where food is hidden, and then see if they can ask for advice from the right person when offered a choice between two "informants," only one of whom knows where the food is. In the training regime the difference between a knowledgeable and an ignorant informant covaries with a simple sensory cue. When the bin is being baited with food, one informant ("the knower") stays in the room while the other ("the guesser") leaves it. After the chimps learn to ask the right person in the training regime, the circumstances change to test whether they are just using this sensory cue. In Povinelli's original version of this experimental design, in these "test" trials, both informants stay in the room, and the guesser is rendered ignorant by (for example) having a bag over her head while the bin is baited. The idea is that if the chimps are just using the sensory cue, they will have no idea which informant to ask, whereas if they understand that to know you have to see, they will pass.


  Heyes is skeptical of this design because chimps might pass the test trials on the basis of other sensory rules of thumb. Perhaps chimps in the training regime were just tracking "visible head." In that case they will still succeed in the test trials. Thus she suggests an experimental design involving the use of transparent and opaque glasses to minimize the chances of chimps using such a rule of thumb to track seeing (Heyes 1998). But Heyes' experimental design asks questions only of tracking. No experimental design in this family probes for response breadth, for a broad band of capacities to act on seeing. Once chimps track seeing, to succeed in these experiments they need only to master fairly simple, unconditional, output rules. A chimp could succeed in these experiments by following the rule "beg for food from those who can see it," without having any appreciation of the role of seeing and attention in numerous other contexts. They only need to identify targets of attention and respond in a fairly stereotyped manner.


  


  I think a similar focus on tracking characterizes Povinelli's very striking work on attention. Attention is important for it is behaviorally overt and salient. If chimps do not understand attention, surely they would not understand belief. Yet the results of Povinelli and various colleagues suggest that chimps have only the crudest of capacities for registering attention. Chimps were first trained to use their natural begging gesture to beg food from a trainer. The experiments tested for general attention by having tests in which one trainer was offering food, the other a valueless object. Chimps had no trouble asking for food. Moreover, test trials were alternated with standard trials to confirm a continuing interest in food. In the test trials, the chimps were offered the choice between seeking food from a trainer that was attending to them, and ones that were not. A number of different "attention-defeaters" were tested. Inattentive trainers variously had buckets over their head, were blindfolded, sat facing away, or sat with their hands over their eyes. In those cases in which distraction might have been a problem, the attentive trainers had matched "distracters." They sat with buckets on their shoulders, with a blindfold around their mouths, or with hands over their ears.


  In their initial series of experiments, chimps' performance collapsed on test tasks in which they had to discriminate between trainers whose heads were visible but whose eyes were obscured, and those who could see. They performed well only in discriminating between trainers facing them and facing away. They eventually improved their performance, but Povinelli and his colleagues suspected that this might be because they were beginning to respond to a simple perceptual cue: face visible versus face not visible. When they tested this hypothesis in regimes in which both trainers had visible faces but only one could see them (the others variously were blindfolded, distracted, or had their eyes shut) once more their performance collapsed (Povinelli and Eddy 1996). Further testing indicated that the chimps could learn a nested set of cues: aspect > face > eyes, in decreasing order of importance: "to put it bluntly, it was more important to the ape that your general frontal aspect (or face) was visible, than whether your eyes were open" (Povinelli 2000, p. 525). On this view, chimp ability to monitor attention is somewhat reminiscent of bee navigation: there is redundancy in their ability to track attention but no ability to use one cue to calibrate another. This view of their relative weighting was supported by an experiment in which one trainer confronted the chimps fully front on, but with her eyes closed, while the other sat facing away, but with her head turned and looking back over her shoulder with her eyes open. The chimps preferred the front-on trainer (pp. 526-7).


  


  These deflationary results were not a quirk of this specific task. Povinelli and his co-workers obtained similar results investigating pointing. Could chimps learn to exploit this gesture? After some training, chimps did learn to pick containers to which trainers pointed. But on probing, it seemed that they were operating on perceptual or configurational cues. Some chimps seemed just to be simply picking the container closest to the finger. When the trainer pointed at an angle, so her finger was pointing at the more distant of two containers, the chimps picked the closer one instead. Other chimps seemed to be using an even simpler rule, picking the container that was part of a single perceptual gestalt that included the finger. For these chimps, just increasing the absolute, not relative, distance between finger and target caused their performance to collapse, so these chimps were using a very simple version of stimulus generalization.


  Povinelli and his co-workers have drawn some important general conclusions from their experimental program. They think that chimps' understanding of attention and related skills depends on automatic and quasi-perceptual mechanisms, probably inherited from deep in the mammalian Glade. These capacities are widely shared phylogenetically and show in themselves no higher cognitive skills. While their capacities to use attention are sensitive to experience, they learn only crude empirical rules of thumb (Povinelli et al. 2000). Moreover, they argue that human "theory of mind" capacities are overlaid on top of these shallow and primitive quasi-perceptual systems. These capacities are unlikely to have produced any wholly novel behavior; instead, they upgraded our systems of control. There is no atom in the human behavioral repertoire that is the result of human capacities for a theory of mind. Rather, those capacities play a role in the use of that repertoire. If this is right, it would follow that there is no specific action that would show that an animal had a theory of mind. This could be demonstrated only by contextually appropriate action unfolding over time.


  These results are very striking, but there are problems with taking Povinelli's results at face value. I shall begin with the methodological concerns.' These chimps were reared without a mother figure. Povinelli has this to say about the upbringing of his experimental subjects:


  


  we selected a cohort of seven young chimpanzees that had been reared together with human caretakers from birth, and housed them together in a spacious indoor-outdoor complex with attached testing facilities ... beginning when the apes were 2 to 3 years old, we established a standardized routine in which they were trained to leave their group one at a time and be tested through a Plexiglas partition - a predictable routine that has allowed us to conduct uninterrupted tests with them well into their adulthood. Thus these animals have received extensive, daily interactions with humans from birth, but their primary attachments have been with their fellow apes. (Povinelli et al. 2000, p. 512)


  To put it mildly, this is an unusual developmental environment. Hence Povinelli's claims about chimp mentality clearly depend on the development of representational capacities in chimps being highly canalized, and insensitive to quite radical shifts in developmental environment. Without independent support, this is an assumption with little to recommend it.


  A second problem with Povinelli's inference is empirical. His results seem to be in tension with a set of experiments by Josep Call (and perhaps those of Gomez). Povinelli's experimental design tested chimps in cooperative interactions and, as Whiten and Suddendorf note, in natural environments chimps do not kindly point out food to one another. Call tested his chimps' understanding of attention in a competitive environment. The basic structure of his experiments was to test whether the behavior of subordinate chimps was sensitive to the field of view of dominant chimps; to what those dominant chimps could and could not see. The experimental setup involved a common space into which two (sometimes three) chimps housed apart could see, but they could not freely move there. One chimp was subordinate, the other dominant. The experimental tests typically involved the use of mobile opaque screens in the common space. These functioned to screen some but not all of the food from the dominant individual. The aim of the experiment was to see whether the dominant's field of view was reflected in the subordinate's behavior when both were released into the common space, with the subordinate chimp being given a small lead. The essential idea was that if the subordinate was sensitive to the field of view of the dominant, he or she would head for food items screened from the dominant's view (see Call 2001).


  


  A number of variations were run on this broad theme, but the overall result is that subordinate behavior is sensitive to what the dominant can and cannot see. The main problem with this result is interpretation. Could the subordinate chimps solve this problem just using automatic quasi-perceptual mechanisms, or does it require some kind of understanding of vision and visual attention? This question is difficult to answer, for we lack a sharp account both of the distinction itself and its manifestation in behavior. If a particular problem has formed part of the selective environment of the lineage for evolutionarily significant periods of time, and if there are stable cues available at the time of action that can be regularly exploited to solve the problem, then an automatic mechanism may evolve. Thus chimps follow gaze around barriers: if they themselves cannot see the fixation point of another's gaze because of an obstruction, they will move to make that point visible. They expect to find something of interest at a fixation point "upon following human gaze and not finding any interesting sight (just the ceiling of the cage) chimpanzees looked back at the experimenter, presumably to ascertain if they were looking at the same location" (Call 2001, p. 388).


  So what would a chimp equipped only with shallow, low-level mechanisms be incapable of doing? The geometry of attention - the bearing of opaque objects on what another individual can see - has been a stable feature of the environment of the lineage, for the effects of barriers depend on fixed features of the physical world and of visual systems. The consequences of obstruction of another agent's line of sight could be automated, that is, computed by an encapsulated subsystem of vision. Call argues against the idea that his results might be a consequence of the operation of such a shallow mechanism by pointing to the novelty of the problem."' Chimps were able to adjust their behavior to the difference between transparent and opaque screens even though they had no previous experience with screens. And they were able to adjust their behavior appropriately in the face of quite complex manipulations of the basic scenario: cases in which two dominants were involved, and the subordinate had to keep track of which one had seen an item being hidden and then shifted, and which one had not. So if shallow systems are completely rigid, and do not support monitoring fields of view in any novel circumstances, or if shallow mechanisms cannot be combined with information held in memory to generate appropriate action, then they cannot explain the skills of Call's chimps, which could combine perceptual information with information in memory. And they were able to adapt to unfamiliar objects: the screens.


  


  We will return to this issue in chapters 10 and 11. Fortunately, we do not have to solve it here, for I have an alternative analysis of the difference between Call's chimps and those of Povinelli. They look at different aspects of competence. To determine whether X is a target of Luit's attention, Nikki must ask himself: (a) is Luit looking towards X, that is, is lie visually oriented toward X; and (b) is the line of sight from Luit to X occluded? Call is interested in the second of these conditions; Povinelli the first. Call tests the ability of chimps to take into account the geometric layout of their environment in determining the targets; in their ability to take account of geometric defeaters of tracking. Moreover, Call is also interested in chimps' response breadth, for lie tests how they use information about other agents' focus of attention to solve their own socio-ecological problems. The experiments of Gomez (1996) also ask questions about social competence. In his experiments, chimps are asked to get attention, rather than simply selecting between attending and nonattending trainers, and his chimps are less hopeless than Povinelli's. Povinelli, by contrast, does not test chimps' ability to use information about attention in socio-ecological problem-solving. Instead, Povinelli is interested in the psychological cues chimps can use to determine the target of another agent's attention. He tests the information chimps use to determine an agent's visual orientation at a target.


  One possible solution to the apparent inconsistency of Povinelli's results with those of Call (and Gomez) is that we have here another example of a cognitive mosaic: quite sophisticated tracking capacities coexisting with simple ones. And perhaps we should not find this too surprising. Given the way chimps interact with their natural environment, it is not surprising that they are better tuned to geometric than psychological defeaters. For geometric impacts on attentional targets will be ubiquitous in their natural environment, whereas in such environments chimps rarely wear blindfolds, or buckets, or sit with hands over their eyes or with their eyes closed. For this reason, it would not be surprising if determining whether you were an agent's focus of attention could be computed by a module asking a single question: is that agent's face visible? The problem of taking into account the three-dimensional structure of the physical environment is clearly much harder. But since line of sight depends on stable features of the physical world, perhaps it too is solved, as Povinelli suggests, by ancient, automatic, quasi-perceptual mechanisms. Using information about the focus of attention to solve social problems, on the other hand, is another story. That may well require flexibility. So if we are to find "intelligent understanding of visual attention" we might expect to find it in response breadth. To the limited extent that the experiments bear on this issue, that expectation is confirmed, albeit weakly. For Call shows, I think, that chimps can use information about targets of attention to solve a fair range of social problems.


  


  It is time to sum up the state of play. First, there is a methodological moral. The distinctions between transparent and translucent environments; between single-cued and multiple-cued tracking, and between tracking and response breadth all earn their keep. They enable us to focus on what the empirical work on primate cognition tells us, and what we still need to know. That, it turns out, is a lot. There is an enormous amount we do not know about the information-gathering and information-using powers of great apes. But I think the best guess is that they do track some cognitive states of other agents robustly, and they have some partially decoupled capacities to use that information. Cognitive tracking is neither wholly cue-bound nor rigidly tied to specific behaviors. Great apes are neither Skinnerian psychologists nor folk psychologists. More generally, I think the basic thrust of the social intelligence hypothesis is right. The fact that social interaction is strategic, and the fact that there is a feedback loop built into this picture of cognitive evolution, makes it easy to agree both that selection for social intelligence was an important element of primate cognitive evolution, and that social life was an important driver of the evolution of belief-like states in our lineage. Decoupled representations may well have had their origin in social maps.


  How, though, do these considerations bear on the "argument from success" that links the social intelligence hypothesis to the Simple Coordination Thesis? They do not cut that link. For, as we shall see in chapter 6, human social complexity much exceeds that of the great apes. So even if great ape social life does not require that chimps, bonobos, gorillas and the like be provided with a true theory of mind (of the appropriate beast) the same may not be true of human social life. But these considerations do somewhat erode the link between social and psychological competence. They do so first by pointing to the importance of other cognitive adaptations in supporting social competence: imitation, and the functional categorization of both behavior and environment. They do so second by drawing attention to the ways that one agent can track, register, and respond to the cognitive states of another without having full-blown beliefs about those cognitive states. I shall argue in sections 11.2 and 11.3 that arguments for innate, modular, folk psychology overlook these points, and as a consequence are seriously flawed.
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  THE DESCENT OF

  PREFERENCE


  5. 1 Internal Environments


  In this chapter the focus turns from belief to motivation. We interpret other agents in terms of both their beliefs and goals. Thus, according to my interpretation of their behavior, my friends go to the pub on Thursday nights both because they belicz'e that the bar is open and others they know will be there, and because they Want a few drinks in their mates' company. In the last two chapters I have sketched out something like a natural history of belief. Belief, I have argued, evolves as the result of two processes. Tracking becomes robust as agents come to use multiple cues to lock onto features of their environment that matter to them, and tracking becomes decoupled from specific actions. Some tracking states no longer function to drive specific acts; instead, they are potentially relevant to many. Moreover, I have developed a conjecture about the selective environments responsible for those changes. Translucent environments select for the use of multiple cues; single ones are no longer reliable enough. Moreover, many translucent environments select for decoupled representation, for in many such environments information becomes available in a piecemeal fashion and without its immediate significance for action being apparent. Selection for decoupled representation feeds back, making reliance on a single cue more problematic, as single-cued systems typically involve accepting a higher probability of one kind of error (false positives or false negatives) in return for a lower probability of the other kind. Environments can become translucent for many reasons, but biological hostility is crucial.


  These features of agents' informational environments are at most necessary conditions of the evolution of decoupled representations. Even so, they make it possible to understand how such representations might have evolved. Response to specific perceptual cues has become less automatic as a result of the evolution of multi-tracking, making it less contingent on a specific cue. And it has become less automatic as a result of decoupling the internal registration of an external feature from an automatic response. In short, in our lineage and others there has been a transformation in the way registrations of external features of the world control behavior. That transformation is largely caused by the adverse effects of others on an agent's informational environment.


  


  Action, though, is not the result of external signals alone. Detection of water is relevant only if the animal is thirsty; of food, only if not sated; of a potential mate, only if the agent is ready to reproduce. Action depends on both the registration of some resource or danger in the external environment, plus a rnotiz'ation to use that resource or avoid that danger. A starving animal might risk a predator in circumstances in which a less hungry one would flee. Moreover, just as it is possible to act without having beliefs about the external world, so too it is possible to act without having preferences. It is not always necessary to represent your needs in order to act on your needs. Motivation can be based on the strength of various internal drives: see, for example, Manning and Dawkins' (1998) discussion of homeostatic models of motivation. Likewise, Jeremy Bentham thought that human action was under the control of two "sovereign masters," the sensations of pain and pleasure. While this is too restrictive a view of human motivation, some of our action is motivated directly by sensation. It is very likely, that there are some animals all of whose actions have such motivations.


  If we are roughly as folk psychology portrays us, motivational systems, like detection systems, have been transformed in cognitive evolution. There is a plausible evolutionary scenario that explains the evolution of decoupled representations. But that story cannot be generalized to explain the transformation of motivation: the change from motivation based on internal signals of physiological condition into motivation based on representations of the external world. As we shall see, there are great differences between internal and external environments.


  As I have just noted, an agent's actions depend partially on its internal environment. An animal that registers increasing dehydration will behave differently from one that is satiated. A warm animal will not act like one that is cold. How is information about the internal metabolic states of an agent translated into behavior? To what extent is internal monitoring like, and unlike, perception? There are clearly some important similarities between the internal and the external registration of events. Both are potentially of great fitness significance to an animal. Those fitness consequences, good or ill, are often contingent on what the animal does. Thus it is not surprising that animals register features both of their external environment and their internal physiological states, and have evolved mechanisms which connect such registrations to appropriate action.


  


  However, there are important differences between perception and internal monitoring. Organisms do not live in a world of identical evolutionary interests, where each agent is selected to signal to others as honestly and unambiguously as possible. But organisms are communities of cooperative and coadapted parts. So we would expect the internal environment to evolve toward transparency. The health and welfare of an agent depend on the continued integrity of a set of interlocking physical subsystems. If those systems begin to depart from operational efficiency, those departures will have effects. The natural physiological side-effects of departures from homeostasis have the potential to be recruited as signals for response mechanisms. Over time, we would expect these signals to be modified to become cleaner and less noisy; and internal monitoring systems to become more efficient in picking them up and using them to drive appropriate responses. Ecological and evolutionary forces make many single-cued responses to external environmental features fragile, and make many signals noisy. But these forces do not apply to internal signals.


  Thus the features which make reliance on fast and frugal heuristics for tracking external environments risky are absent from inner environments. Drinking in response to sensations of thirst, and resting in response to feelings of lassitude, are pretty good fast and frugal heuristics. Consider the following differences between external and internal environments. First, there is no danger of deception and little of noise with internal signals, so they do not have to be epistemically filtered or vetted. Second, the functional import of internal signals is unambiguous. Drinking is not always the right response to internal signals of dehydration. Other matters might be even more pressing. But that signal sets up a clear prima facie motivation to drink. It votes unequivocally for drinking. Third, internal signals keep information available on-line. By contrast, features of the external world cannot be relied on to remain perceptually salient while relevant to an animal's decisions. Fourth, information extracted from internal signals does not have to be re-represented. With vision, we must translate between the egocentric representation of space that the visual field gives us, and a geocentric system we will need for object recognition, to anticipate third-party interactions, and to integrate visual information with what we learn from nonvisual systems. The same is true of other sense modalities which generate spatial information. None of these complications arise in sensing internal signals of hunger, thirst, exhaustion, body damage, and the like. Internal environments do not support a distinction between egocentric and geocentric representation.


  


  In short, perception of the external environment often (a) delivers signals that are noisy and somewhat unreliable; (b) delivers signals that are functionally ambiguous; (c) delivers signals transiently, and often not at times when they are relevant for action. Moreover, (d) perception sometimes generates information which, to be used, must be integrated with signals through other sense modalities.


  These features of perception partially explain the evolution of decoupled representations that mediate between perceptual registration and action. Since internal signals do not share these symptoms of translucence, why might goal-like representations have evolved? It is easy to see, given (a) - (d) above, why there could be selection for decoupling perception and action. But what selective payoff could there be for routing action (say) through preferences about drinks rather than through the sensation of thirst? To put the point crudely: it is easy to see why you should think about what you perceive before acting, for external environments are translucent. But why think about what you feel before acting on those feelings? Internal environments are transparent. The problem, then, is to explain the evolution of more complex motivational mechanisms and to identify their behavioral markers. In the rest of this chapter, 1 sketch out a tentative and partial answer to this question.


  5.2 The Forager's Dilemma


  As I noted in the last section, it is not always necessary to represent your needs in order to act on your needs. Instead of representing their needs, many organisms simply have a built-in motivational hierarchy. Their internal metabolic climate controls the value of the internal variables which drive their behavior, perhaps in conjunction with a few external cues. These motivations of "habit machines" are keyed directly to signals of physiological condition. They act on hunger, thirst, lust, fear, and the like. They forage when their internal food reserves drop, and the value of a specific internal variable is cranked up. They drink on internal signals of dehydration. Moreover, as I argued in section 5.1, these internal signals are likely to be reliable and unambiguous in their import for particular actions. Furthermore, their behavior is flexible. The same perceptual signals, combined with different drive states, will cause different behavior. So will different perceptual signals combined with constant drive states, so habit machines can respond adaptively both to variation in the environment itself and variation in their own physical needs. Moreover, they can learn by association. They learn that one response to an environmental signal is rewarded, whereas a different response to that signal is punished. So they show behavioral plasticity both at one time and over longer periods of time.


  


  In an important series of papers, Tony Dickinson and his colleagues have attempted to characterize both the scope and the limitations of the capacities of habit machines (the terminology is his). In particular, he takes up this problem of preference. His guiding assumption is that the evolution of preference is tied to flexibility in behavior. He argues that intentional agents can adjust their behavior to changes in the value of resources even when those changes in value are not reflected in immediate sensation. Moreover, intentional agents know about the causal connection between their acts and the consequences of those acts. In his view, rats meet these conditions but simpler systems do not. Thus his project is to identify and explain the limits on the flexibility of habit machines.


  Dickinson explores this problem by describing artificial agents, "Norns," that are quintessential habit machines. Norns have no instrumental knowledge of the outcome of their actions; they just perform whatever act has been "reinforced in the presence of the current stimulus input." They are homeostatic beasts: reward is just drive reduction. As such, Dickinson argues that their behavioral repertoire is limited in an important way. Imagine a rat that gathers food in two ways: it hunts for protein and it gathers carbohydrates. All its life, the rat has been hungry. It has never fed to satiety on either food. What would happen after the first time it is satiated on, say, carbohydrates? Will it hunt or will it gather? Real rats under these circumstances hunt: they solve the forager's dilemma. But Dickinson and Balleine argue that Norns, being habit machines, cannot fine-tune their behavior adaptively in this respect.


  


  Let its assume that during previous foraging episodes, both actions have been equally reinforced by their appropriate food rewards in the presence of an input from the hunger drive produced by a deficit in both resources. As a consequence, the hunger-hunt and the hunger-gather connections have equal strength. Now, for the first time, the Norn experiences a novel state of carbohydrate satiety, a state that has no pretrained connections with either action, with the result that the creature finds itself with very little inclination to perform either activity and, at best, vacillating between hunting and gathering. In the absence of knowledge of the causal relationship between each action and the associated food, the Norn cannot choose to hunt rather than gather on the basis of the fact that protein should now have a higher goal value than further carbohydrate intake. (Dickinson and Balleine 2000, p. 187)


  Norns are crippled in novel situations. Here Dickinson is scratching where it itches. He has posed a critical methodological question: what behavioral abilities distinguish habit machines from intentional agents? And he has posed a critical evolutionary question: what selective adz, anto(~e do those abilities confer? Intentional agents solve the forager's dilemma because they have instrumental knowledge of the relation between action and outcome: they understand the causal consequences of their own actions. And they represent the goals of their own actions.


  Dickinson uses aversion learning for his experimental analysis of the distinction between habit machines and intentional agents. His key experimental manipulations probe the consequences of induced aversion in rats. Aversion is a very striking phenomenon, and powerfully illustrates the connection between preference and affect that is at the core of Dickinson's view of preference. For he shows that the physiological basis of an aversion becomes motivationally salient only through affect, and that affect has to be induced through the agent having contact with the object of aversion. Thus Dickinson himself did not realize that he was averse to watermelon until he re-experienced watermelons. The physiological changes induced by his nausea after he first ate watermelon had no immediate impact on his subsequent actions: he still went to the watermelon stand again. It was only the sight and smell of watermelon that triggered feelings of nausea, causing him to abort his plans of eating more. Likewise, rats made averse to glucose water do not seem to realize that they are averse to sugarwater unless they are allowed to have contact with sugar-water.' On Dickinson's picture, internal signaling - conscious sensations - continues to play a critical role in action generation. Sensations determine preferences. Yet though affect plays a key role in establishing a motivation, Dickinson argues that the motivation itself is an abstract representation of the value of the commodity. Rats are motivated by preferences, not sensations. For if the physiological mechanism that underlies the aversive experience is suppressed after the evaluation has been made, the substance to which the rat has been made averse continues to be rejected. Dickinson gave nausea-suppressing drugs to the aversive rats, and yet they still continued to reject sugar-water. It is not the experience of nausea itself that motivates, but the utility function induced by that experience.


  


  Thus Dickinson's case for the existence of a rat preference order rests on the capacity of the rat to adjust its behavior to changes in the value of resources, and the decoupling of that change in behavior from sensation. On his view there are two critical differences between habit machines and intentional agents. Intentional agents have a utility function, not just drives. And they know about the causal connection between their acts and those acts' consequences. His supplementary hypothesis is that affective experience plays a critical and indispensable role in this process of evaluation and re-evaluation (Dickinson 1985; Dickinson and Balleine 1993; Dickinson and Shanks 1995; Balleine and Dickinson 1998; Dickinson and Balleine 2000).


  Dickinson's experimental program asks exactly the right questions. I am not sure, though, that it yields exactly the right answers. First, his taxonomy of control systems recognizes only three categories: completely inflexible systems; habit machines driven by association; and intentional systems. So his way of setting up the issue prejudges an important question: can the evolution of beliefs be decoupled from that of preferences? Second, it is very odd to take aversion learning to be a central exemplar of preference change. For in humans at least, a most striking fact about aversion is that it is encapsulated. Dickinson's aversion to watermelon is impervious to the knowledge that it was too much wine, rather than too much watermelon, that caused his nausea. It is cognitively impenetrable. Aversions seem to me to be instances of motivation without preference. It is not hard to conceive of a directly affective proximal mechanism that would explain the aversion phenomena. Dickinson's experimental setup suggests that sugar-water aversion does not operate by making rats feel nauseous in confrontation with sugar-water. But it may be that the aversive experience makes sugar-water just taste NO (as Dickinson himself notes at one point), and aversive rats continue to reject it for this reason.


  


  Thus there does seem to be an alternative explanation for the persistence of aversive rejection despite the suppression of nausea. What might evolutionary considerations suggest about such cases? Would rats' actions based on preferences typically be more adaptive than actions based on habits? Of course, no mechanism will perfectly align motivation with need. We do not always want what we need: motivation based on preferences has error costs. So are rats that act on a utility function more or less likely to track their biological needs than a rat acting on drives or sensation? In section 5.1, 1 argued that some sensations are likely to be reliable motivators.` Pain seems to be such a case. Acute pain has few false positives: if you feel serious pain in, say, your knee, very likely there is damage of some kind. Equally, if there is significant damage, there will probably be pain, so false negatives are also rare. There is a very stable connection between the specific feature pain detects, namely damage, and its fitness implications. Avoiding or reducing damage is nearly always a good idea. So the sensation of pain is a reliable signal of something of significance to the animal. The behavior pain motivates is normally appropriate to the state it signals. It tends to induce rest, attempts to protect injured tissues, withdrawing from injurious stimuli, and the like. To put the point in terms of failure rather than success, motivation can fail in three ways. There can be false signals, and a failure to signal; pain without damage; damage without pain. Moreover, the signal can generate an inappropriate response: itches can motivate damaging scratching. The signal can have the wrong motivational strength, sometimes overriding more pressing matters, sometimes failing to override when it should. No doubt pain sensations sometimes cause all three errors. Yet though this system has error costs, there is no reason to believe other systems would be more reliable.


  How might these considerations about pain translate into rats' recalibrating their food preferences? Rats are generalist omnivores, and while they are conservative, learning food preferences from their mother (Avital and Jablonka 2000, pp. 133-6), they clearly need the capacity aversion learning buys them. They need to quickly learn to reject dangerous food. So they do need a re-evaluation mechanism. But do they need preferences? Would the evolution of a preference structure bring a rat's action more reliably in tune with its needs: will it want what it needs and need what it wants? Dickinson suggests, in regard to the Norns, that motivational mechanisms based solely on drives - noncognitive motivational mechanisms - doom an animal to very limited capacities to adjust to new experiences. They cannot solve the forager's dilemma. Hence the Norn architecture would generate false negatives: they would lack motivation to forage for protein, even though they need it. They would fail to want what they need.


  


  However, this idea seems to turn on an impoverished menu of drives and their associated sensations (on this, see Spier and McFarland 1998). Norns are helpless in the novel circumstance of satiation because they come equipped with a single hunger drive. This drive is extinguished by eating either protein or carbohydrates, and that is why the Norns fail to switch adaptively to protein search. But suppose that there are do ficit-specific hungers. Carbohydrate need drives carbohydrate hunger; protein need drives protein hunger. Gathering has tended to extinguish carbohydrate hunger, and hence there are associative connections between carbohydrate hunger and gathering; hunting has tended to extinguish protein hunger and hence there are associative connections between protein hunger and hunting. Through its history, the rat has pretty well always been deprived of both carbohydrate and protein. So both hunting and gathering have been reinforced, pretty well as much as one another. Once the carbohydrate drive has been reduced, the hunger drive will motivate hunting. So instead of a utility function, false negatives can be avoided through a richer menu of drives.'


  Overall then, I think Dickinson raises exactly the right questions. But I have yet to sign on for his answers. First, we cannot just assume that the evolution of preference is coupled to the evolution of belief. Second, I am not sure that his experimental technique does distinguish between drive-based and preference-based motivation. In particular, aversion may not be the ideal phenomenon for exploring that distinction. Third, I see no reason to suppose that adaptive action in the choice situations that confront Dickinson's rats require preferencebased motivation.


  


  5.3 Preference Eliminativism?


  This chapter, even more than those on belief, treads a delicate path between eliminativism about intentional kinds and the Simple Coordination Thesis. For reasons I outline in section 5.4, 1 think there has indeed been a transformation of motivational mechanisms in our lineage. Nonetheless, I do not think that there is even a rough mapping between preferences identified in our interpretative frameworks, and states of the internal cognitive architecture that controls human action. I begin by sketching my reasons for doubting that preferences or goals correspond in very direct ways to wiring and connection facts.


  As Peter Godfrey-Smith has pointed out to me, a natural thought is that intentional agents, unlike agents whose motivations are based on internal signals of their physical condition, can learn what is good for them. The menu of internal signals that drive an agent's behavior changes only oz4r czvolutiormn/ time. Humans, for example, may well have acquired distinctive, effectively significant social emotions - pride, shame, sympathy, and the like - over hominid evolutionary history. In contrast, preferences change through individual learning (including mislearning). As we shall see in section 5.4, there is something right about this suggestion. But matters are not so simple, for there is an important sense in which an agent with motivation based on a fixed menu of signals can still learn what is good for it.


  Consider Alice, a thirsty women in the Australian hush, caught without her water-bottle. But though thirsty and waterless, she has bushcraft. She can see a row of river red gum trees in a dry riverbed about a kilometer away, and she knows that if she digs a hole in the sand in the riverbed between the gums, water will slowly seep into the hole, and she will be able to drink. So she begins walking east toward the gums. Using the machinery of intentional interpretation, there is a standard explanation of Alice's actions in terms of her instrumental (or derived) goals. Why did she walk east? Because she wanted to reach the line of red gums. Why did she want to reach that line? Because she wanted to dig a hole there. Why did she want to dig a hole? Because she was thirsty and she believed the hole would fill with water. Alice has a plan, and her execution of each element of the plan is explained by her instrumental goal (together, of course, with the relevant belief) until we reach her final goal.


  Notice, though, that this description of Alice's behavior seems to be just a notational variant of one that interprets Alice's behavior just in terms of her beliefs and her ultimate goal. Why did Alice walk east? Because she believed that if she walked east, she could reach a line of river red gums. And she believed that if she reached those gums, she could dig a hole between them, and that water would seep into that hole. And she was thirsty, so she wanted water. We can trade talk of instrumental goals for talk of beliefs that connect elements of Alice's plan to her final goal. These explanations seem to me to be equivalent. Moreover, there is nothing special about this example. If they are in general equivalent, we ought to be able to convert intentional explanations that mention instrumental goals into intentional explanations that mention only ultimate goals.


  


  Two morals seen to follow from this. First, if instrumental preferences are a dispensable part of intentional interpretation, we certainly should not expect that they correspond in any direct way to wiring and connection states. Second, the notion of "learning what is good for you" is crucially ambiguous, for sometimes it focuses on changes in instrumental rather than ultimate goals. When Alice first learned the bushcraft skill that would allow her to find water in these challenging circumstances, in one sense she did not learn what was good for her. She already knew that she needed water. What she learned was how to get what is good for her in those challenging circumstances. There was no change in Alice's ultimate goals a only in her instrumental goals, and those changes can be seen as just a change in what Alice knows. Such changes seem to be possible for an agent whose motivations are based on drives or sensations. If agents with motivations based on a fixed internal menu of sensations can learn new ways of responding to those internal signals - including new ways of responding based on belief-like representations of the causal structure of the environment - then it is not necessary to have preference-based motivation to be able to learn what is good for you, at least in the sense that Alice learnt what was good for her.


  The dispensability of instrumental preferences is not the only reason for doubting the existence of a simple correspondence between preferences and wiring and connection states. The role of preferences, and their associated utility functions, in rational choice theory leads to a similar conclusion. Many of the social sciences systematize the folk picture of the intersection of belief and motivation. The models of human action that emerge from this systematization, especially in economics, see humans as maximizers of expected utility. In acting, rational human agents weigh the desirability of outcomes against their probabilities. A rational maximizer has a set of expectations (their beliefs) which specify the probability of certain outcomes given certain actions, and a utility function, which derives from their preferences. The utility function both ranks possible outcomes and specifies the extent to which one is preferred to others.


  


  In the social sciences, it is no news that agents are not perfect maximizers of their expected utility. For many purposes this does not matter, as many of their models of agency can disregard frequent but modest departures from expected utility maximization. Consider, for example, a rational choice explanation of the "great demographic transition" - the sharp and often sudden decline in birth rates seen all over western Europe in the nineteenth and early twentieth centuries. On one view, this is a response to urbanization. As people move from rural to urban ways of life, the cost of children goes up and their benefit goes down. They cease to be a valuable source of farm labor, and must instead be fed, housed, and educated. So rational choice theorists explain a collective social effect by decomposing that effect into a set of actions by a few kinds of agent and by developing a cost/ payoff matrix for each of those agents. That cost/benefit analysis tells what an agent in that environment would do, if he or she were rational. The collective effect is then explained by (a) proposing that agents' actual behaviors are clustered around the rational norm, and (b) by showing that if they were, those individual behaviors would sum to the collective effect.


  Explanations of this genre do not require that each agent is a rational maximizer. Hence the success of rational choice models in the social sciences does not show that human decision-making psychology is well described as the maximization of expected utility. They depend on the much weaker claim that the behavior of individual agents does not vary sharply and systematically from maximizing behavior. Rational choice theory in economics, anthropology, and similar domains is a theory about patterns in human action. It is not a theory of the underlying cognitive processes that drive our behavior. It need not make rich assumptions about the psychological organization of agents. Individuals can act in conformity with rational choice theory while not utilizing its principles to determine their actions. Optimal foraging theory reveals than many animals conform quite closely to the expectations of rational choice theory. Birds make good decisions about when to keep foraging on a given patch; when to shift to a new one; and how to trade danger against the need for food (for an example, see Manning and Dawkins 1998, pp. 194-6). But behavioral ecologists assume - surely correctly - that birds are using simple heuristics of some kind rather than cranking through probability theory to calculate expected utilities.


  


  Defenders of the Simple Coordination Thesis are fond of the argument from success. The successful use of our interpretative concepts in our ordinary day-to-day interactions shows that those concepts describe the cognitive architecture of our mind well. I shall argue that the power of that argument is much overstated. My point here is that an alternative version of the argument from success, one based on the systematized version of our interpretative concepts used in the social sciences, would also fail. Rational choice models of human action in history, economics, and anthropology have often been insightful and persuasive. But there is no good argument from a vindication of rational choice models in the social sciences to the Simple Coordination Thesis, for such models do not assume that the mechanisms of human cognition are well described by expectations (i.e. beliefs) and a utility function (i.e. preferences). To the extent that human agents maximize their expected utilities, they may be doing so on the basis of simple heuristics.


  There are attempts to describe such simple choice heuristics by those who have attempted to develop models of bounded rationality (Gigerenzer 2001; Gigerenzer and Selton 2001). Defenders of these models argue that we make good choices on the basis of "fast and frugal heuristics" and are profoundly skeptical of the idea that human agents calculate expected utilities, or anything like expected utilities. Consider, for example, the problem of "incommensurable choice." We face such choices when (a) we must choose a single item from a set; (b) when we have multiple desiderata; and (c) when no item ranks top on all criteria. To take one of their favored examples, in choosing a car, price, reliability, economy, and safety might all matter. And it will typically be the case that no car comes top on all these choice factors. A maximizing choice is still possible if the different criteria can be assigned a weighting of some sort. But Gigerenzer and his colleagues point out that as the array of factors to be considered goes up, or as time pressure becomes more intense, agents shift to "noncompensatory" decision rules. They use choice heuristics which allow a single criterion to dominate the decision process (Gigerenzer 2001). For example, in choosing a car they might decide to let safety dominate, and simply choose the car that scores highest on this criterion. There is no reason to suppose that this reliance on just one criterion reflects an rtnMct'tk'nth/ cxistin,c. Epreft'ncncc struchn-e, i.e. a ranking of choice criteria that existed in the agent's mind before they encountered the choice situation.' Gigerenzer and his colleagues, on the contrary, suppose that the use of a particular criterion results from the agent's interaction with the choice situation. So at least in some situations, there is evidence that actual decision-makers are not trying to calculate a best outcome, all things considered, but nonetheless still make choices which do not diverge dramatically from optimal choices. I am very skeptical indeed of the general conception of cognition defended by Gigerenzer and his colleagues. But they help to show that agents can often approximate the behavior we would expect from rational maximizers on the basis of simple choice methods.


  


  We can treat rational choice theory as a theory of pattern rather than process. Rational choice theory could be a good description of human behavior - action might typically conform to its predictions - without being a good theory of the causes of behavior. There is no reason to suppose that the preferences identified as part of the rationalizing interpretation of an agent's action correspond directly to wiring and connection control states.


  In sum, there are reasons to be somewhat skeptical about the extent to which preferences correspond directly to wiring and control states; to be more skeptical of a Simple Coordination Thesis about preference than about belief. First, as I noted insection 5.1, the evolutionary argument for the adaptive import of belief-like states does not extent to preference. Second, folk psychology itself seems to support some reservations about preference. For example, it is hardly a truism of folk psychology that preferences are stable and well-ordered, that is, that we always know what we prefer to what and by how much. Third, as I have just argued, we can dispense with instrumental preferences in favor of beliefs. And finally, rational choice theory, successful as it is in many contexts, does not depend on taking decision theory to capture agents' thought processes. While these skeptical considerations do seem to me to have weight, in section 5.4 1 offer some countervailing considerations.


  


  5.4 Preference-like States


  If our cognitive architecture is roughly as portrayed by folk psychology, then the evolution of intentional agency involves the formation of world representations functionally decoupled from any specific action, while being potentially relevant to many. And it makes motivation cognitive. It brings motivation under the control of representations of the external world, representations of the way the world would be, if the goal were achieved. Moreover, the evolution of preference liberates motivation from its dependence on immediate affect, and hence frees the animal from phylogenetic constraints on its menu of distinct sensations and drives. An animal can learn to associate internal rewards with new stimuli. A rat can learn that sugar-water now tastes horrible, or that a McDonald's hamburger bun tastes like food. But new drives and new sensation spaces can only be assembled over evolutionary time. An animal that forms and acts on goals can build new motivators in ontogenetic time; to learn new things to want, rather than just new ways of getting things the animal has always wanted. We can want, and act on wanting, an extraordinarily wide range of states of affairs. In doing so, many of our actions are no longer under immediate affective control.


  What type of agent would need motivational systems such as these? The tasks the rats are confronted with in Dickinson's experimental setup require them to track some subtle features of their environment. But they never require complex or subtle responses to those features of their environment. His rats do not need to show broad responses to causal connections. Their world might be complex, so knowing when intervention will be effective is a difficult problem. But the interventions are few in number, simple and structureless. I doubt that preferences are needed to support interventions of that kind. If preference-like structures have evolved, my guess is that their evolution is linked to the complexity of choices which face an animal, and their relation to affective reward. I think there are at least four elements that feed into the complexity of an animal's response to its world, and hence which play a role in the evolution of preference-like motivation.


  First, if the agent's behavioral repertoire includes many possible responses between which it must choose, decision points themselves can become complex. This feature of decision is in turn related to the agent's ability to track its environment in nuanced ways. Decision problems become difficult only when the animal can discriminate between many different situations. For only then does the problem "What do I do now?" get tough. A baboon that acts in only one way when it detects hostility from a superior has no decision problem. A baboon that takes into account the number and location of his friends and those of his rival, the physical geography of the interaction, the value of a resource, and perhaps other factors might still face only a binary decision: concede or resist. If so, the source of immediate motivation might still be a competition between the drives of greed and fear. Such a picture of motivation looks increasingly less plausible as the range of options increases. If cognitive evolution has given the baboon a finer discrimination gradient - if it now recognizes that there are several different kinds of situation in which it faces a hostile superior - then the possibility is born of the baboon developing an optimum behavior for each of those situations. As the range of potential behaviors increases, so the mechanisms of control must change."


  


  Second, basing motivation on a fixed set of internal drives will become problematic as the range of resources necessary for a successful life increases. Some animals need only a few types of resource: specific types of food, shelter from the elements and from enemies, and little more. Those that must protect their young, or build social capital to negotiate social lives, clearly need more. As the resource menu increases, it becomes increasingly implausible to suppose that the control of behavior could be vested in a Norn-like structure of resourcespecific drives, with control at a single time determined by the urgency at that time of each of the drives. Indeed, Dickinson argued that even for rats, the drive menu would have to be too baroque and elaborate to reliably produce adaptive behavior. An animal with a large range of options - one facing decisions about what to do, when, where, and with whom - would need both a large menu of drives and some way of balancing between competing urges.


  Third, basing motivation on a drive structure will not produce adaptive behavior in circumstances where winner-take-all control systems produce disaster. In Norn-like architectures, the strongest drive determines the action chosen, and at that point the other drives are epiphenomenal. Real animals often do not seem to control their behavior that way, and it is easy to see why that can be a good design feature. If we need to explain the behavior of a foraging rat as it trades off risk against the richness of a food source, we do not need to invoke preference to explain its increasing tolerance of risk as it grows hungrier. The sensation of hunger, we can suppose, is growing sharper and more insistent, tending to override feelings of anxiety. However, we cannot appeal to a model of competition between drives if the suppressed drive adaptively affects the manner of the unsuppressed behavior. One clear example is the suppression of copulation cries by chimps who rightly suspect intervention if their activity is discovered. The "mate" routine is not running independently of the animals' other motivation systems. Similarly, it turns out that there are examples of risk-sensitive foraging where risk affects not the rate of foraging but its manner. For example, a sparrow will more actively recruit others if it wishes to feed on a risky-looking patch (Manning and Dawkins 1998, pp. 194-6). Though more sparrows mean more food competition, they also mean more eyes (and, of course, a better chance of it not being you if one does fall to predation). For such animals, control is not vested just in a hierarchical order of drives, one of which turns out to be the strongest.


  


  Fourth, basing control on a hierarchy of drives requires that the specific sensory profile of the resources needed by the agent stays stable over evolutionary time. I suggested that rats could solve the forager's dilemma by having protein-specific and carbohydratespecific hunger drives. But that suggestion is plausible only because the need for these two kinds of food, and rats' affective and sensory responses to them, are phylogentically ancient. It is very unlikely that the legendary attachment of peasants to their land can be given a similar explanation. This is not just a cheap shot. If the basic resources agents need become highly variable in space and time, there will be selection for change in motivational structures that enable agents to learn what they need, not just how to get what they need. In part II, I shall argue that hominid environments were unstable in just these ways.


  Putting all this together, motivations based on preference are distinct from those based directly on affective mechanisms in four ways:


  1 While affect plays an indispensable role in establishing a preference structure, motivation is liberated from immediate affective reward. The point of an act is to change the animal's environment in the way specified by the content of the desire on which the agent acts. While that may involve an affective reward of some distinctive and uniform kind (for instance, the pleasure of drinking when parched), it need not.


  


  2 The evolution of preference sensitizes the animal to a feature of its environment; the change the animal itself would make to its environment in satisfying its preference.


  3 Preference-based motivation liberates an animal from phylogentically fixed sources of motivation. Such an animal can learn what it wants, not just how to get want it wants.


  4 If preferences are ranked, the animal has acquired a mechanism through which its behaviour can be made responsive to many sources of motivation, not just a few competing drives or sensory spaces.


  I think something like preferences have evolved in the hominid lineage, and perhaps others. But that transformation is very unlikely to be complete. Human motivation has a hybrid character. Unless we are quite hopelessly deluded about ourselves, belief/preference psychology does seem to describe some human decision-making quite well. Perhaps the most incontrovertible cases are in complex calculating games like bridge and chess, and the behavior of skilled poker players and other gamblers. Here actual behavior tracks optimal behavior quite well. And it does so in environments in which agents who employ simple rules of thumb crash and burn. Fast and frugal heuristics do not work well against high-class chess players.


  Yet surely not all action has such roots. We sometimes respond not to preferences about pain, pleasure, and the like but to the sensations themselves. These cases themselves form a heterogeneous category, for they are subject to differing degrees of override and conscious awareness: consider the difference between sensations of nausea and vomiting and sensations of itching and scratching. But even when we resist the urge to scratch and those internal signals do not cause action, they remain motivationally salient. Unlike most perceptions, internal registrations give rise to more or less pressing urges. In this respect, there does seem to be a striking contrast between perception and internal registration. My conjecture is that this difference is a relatively recent product of evolution. Once states evolve that mediate the connection between perception and action, perception ceased to have intrinsic motivational salience. Vervets' perceptions of leopards, I noted earlier, is neither a belief nor an instruction but the fusion of the two. My guess is that the perception is intrinsically motivating. To put it far too anthropomorphically, for a vervet, seeing and recognizing it martial eagle must be somewhat like the sensation of an intense itch, creating an almost irresistible urge for a specific action, an urge that can be relieved only by performing that action.


  


  Let me summarize the state of play. This chapter exemplifies the themes of the book, for the considerations I have developed are hardly a vindication of the Simple Coordination Thesis. I very much doubt that the preferences we identify in others typically map neatly onto computationally salient, representationally structured control states in their cognitive architecture. But they do not vindicate a Churchland- like debunking of intentional psychology either. Our choice problems are likely to be very complex indeed compared to most other animals. The range of resources needed for human lives is large at a time and place, and is highly variable over space and time. No doubt many of these features of human choice were features of choice for our hominid ancestors. Some, at least in rudimentary forms, are likely to be features of primate and even mammalian decision-making. But just as cognitive evolution has transformed hominid capacities to represent their external environment, so too, though for very different reasons, and quite likely at different times, it has transformed hominid motivational systems. In part 11 1 shall develop a picture of hominid cognitive evolution and the mechanisms that are responsible for it. This picture is foundational for part III, where folk psychology and its status once more move back to center stage.
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  6


  RECONSTRUCTING HOMINID EVOLUTION


  6. 1 Testing Theories of Human Evolution


  Human cognition would be better understood if we could place it in an evolutionary context. But though that is desirable, is it possible?' This chapter is focused on epistemic issues, on our ability to test theories of human cognitive evolution. My conclusions will be guardedly optimistic. Reconstructing hominid cognitive history is particularly difficult, but it is not doomed to be nothing but just-so storytelling. I begin with adaptationist conjectures about human evolution, for though not all evolutionary hypotheses are adaptationist ones, the methodological issues posed by adaptationist hypotheses have been discussed more systematically than those involving other evolutionary mechanisms.


  Evolutionary biologists have two standard tools for testing adaptationist ideas. One option is to construct a quantitative model of the evolutionary transition of interest. Suppose, for example, we propose that fish of a particular species school together as a protection against predation. Given some information about predators, and the habits, capacities, and needs of the schooling species, we could test the hypothesis by determining the optimum size of the school. For if the benefit of staying together is vigilance, we should see a threshold effect. Once a group has reached a certain size, adding extra eyes adds little extra protection. The point at which diminishing returns kick in will depend on the physical and biological environment, together with the search efficiency of individual fish. These factors can be measured independently of the model. For example, the acuity and the field of view of the fish can be measured. So too can water clarity. Once these factors are estimated, a prediction about the optimal size of a school can be generated. A close quantitative fit between predicted and actual schooling would confirm, perhaps very strongly, this adaptive hypothesis. A poor fit - as in some recent work on primate social groups (Janson 2000, p. 79) - disconfirms it (Orzack and Sober 2001).


  


  However, tests of this kind are powerful only when the ecological parameters can be independently estimated (Sterelny and Griffiths 1999). Unfortunately, in much work on human evolution these background assumptions are not very robustly established. Consider, for example, work on mate choice. Such work typically assumes that there is much greater variance in male than female fitness. But Hrdy points out that even contemporary information on such variation is unpersuasive. It is one thing to have children. It is another for those children to have descendants. And she shows that the first of these is a very imperfect predictor of the second (see Hrdy 1999, especially chapter 20, and Hrdy 2000). That is trouble enough; but projecting this variance back into the past is even more problematic. A similar problem arises in assessing a debate about the role of male hunting in forager societies, for there is some suggestion that hunting is not really an efficient way of collecting food. But even if hunting does not really pay its way in near-contemporary forager societies, it would clearly be risky to project such a conclusion back to ancient forager societies (see Hill and Kaplan 1987; Hawkes 1991; Hawkes and Bird 2002). A final example: Robin Dunbar (1998) has developed quantitative models of the evolution of language in which group size is the driving variable. For the last 100,000 years or so paleoanthropology is able to make highly educated guesses about group size. But as we go further back in time, these go from guesstimates to guesses.


  The problem of independently estimating ecological parameters in models of human evolution is intensified once we take into account Robert Brandon's distinction between a lineage's physical environment and its selective environment. The selective environment of a lineage is composed by those aspects of its physical and biological environment that bear differentially on the fitness of members of the lineage (Brandon 1990). The physical environment of hominid evolution is becoming increasingly well known. For instance, the climate fluctuations of glacials and interglacials have become dated ever more precisely. But information about the hominid physical world specifies the selective environment increasingly imperfectly over time. As we shall see in chapter 8, hominid evolution is increasingly characterized by humans constructing their own niche, rather than adapting to independent features of the physical and biological environment (Laland and O( iling-Smee 2000; Laland et al. 2000). The selective environment can be Irtbile even if the physical environment is stable. The invention of fire, or of water-containers, or of an effective projective weapon, changes the hominid selective environment. Equally, niche construction can buffer change in an agent's physical environment. Engineering the water supply can contain the impact of increasing aridity. If it is local, small-scale engineering leaves few paleoanthropological traces; it is difficult to independently test the ecological assumptions built into optimality models. Optimality models face the parameter challenge.


  


  Comparative biology offers an alternative technique. Let's go back to our fish. In the ideal case, our schooling species would be a member of a species-rich Glade distributed through environments which vary in predation risk. Suppose we discover that species in predator-free environments do not school. Those in environments infested with fish-eaters school. In a group of closely related fish species, historical, genetic, and developmental factors will mostly operate the same way. The differences we find are due to the environmental differences, and the covariation between schooling and predation risk would support the adaptive hypothesis. That hypothesis would gain additional support (a) if the covariation is clean; (b) if the Glade of related species is large; (c) if schooling is new behavior; it is not found in the group's ancestors (Brooks and McLennan 1991; Harvey and Pagel 1991; Sterelny and Griffiths 1999). But the techniques of comparative biology are also hard to apply to our Glade. It has never been rich in species, and now only our own species survives. The techniques of comparative biology are not hopeless. Comparison with the surviving great apes puts some constraints on hypotheses about hominid evolution. So too do reconstructions of the morphology and behavior of extinct hominids. For example, we know now that bipedal locomotion long predates the expansion of hominid brain size. Walking upright and getting smarter did not coevolve. Even so, humans are far from ideal for the application of comparative techniques.


  6.2 From Cognitive Device to Evolutionary History


  Granted these limitations on our standard techniques, theorists of hominid evolution need to find ways of empirically constraining evolutionary hypotheses about human behavior. One recent approach to this problem develops out of evolutionary psychology. Evolutionary psychologists suggest the following discovery procedure (Cosmides and Tooby 1992, 1994; Tooby and Cosmides 1994):


  


  (a) Consider the problems our ancestors would have needed to solve, given their way of life and their environment: namely, foraging as hunter-gatherers in the Pleistocene.


  (b) Develop a theory of the cognitive mechanisms needed to solve those problems.


  (c) Specify the ways such mechanisms would be manifest in development and behavior.


  (d) Once (c) is complete, deploy the experimental techniques of developmental, cognitive, and social psychology to test for those mechanisms' presence. If they are discovered, that confirms the evolutionary scenario of (a)-(b). If they are not, that scenario is disconfirmed.


  For example, Cosmides and Tooby think we evolved in social environments characterized by a good deal of cooperation, but where it was important to guard against cheating. Our ancestors lived in a world in which cooperation and exchange were essential to survival, but where the risk that a favor would not be returned was always present. We would have been under selection pressure to cooperate, to trade, but warily. The unconditionally trusting would not have done well. Nor would those who never enjoyed the advantages that cooperation breeds. This scenario predicts that we should reason well about social exchange, and we do. There is a standard logical task - the Wason selection task - which we find difficult. But when that task is formulated as a problem in social exchange, subjects do much better. Cosmides and Tooby (1992) conclude that we have domain-specific reasoning mechanisms. But they also take their experimental results to confirm the hypothesis that we have an adaptive specialization for social exchange and cheater detection. It confirms the evolutionary scenario that leads them to predict a cheater detector.


  The attraction of this line of thought is clear. This approach sidesteps the problem of independently confirming assumptions about the ecological properties of ancestral environments. Testing evolutionary hypotheses would require only the techniques of experimental psychology. Moreover, this strategy is a version of an important and legitimate form of scientific inference: it is an argument to the best explanation. At times we can be confident of inferences from events to their causes, even though we cannot directly observe the cause in question. We have no direct access to the interior of the sun, but we are rightly confident that at its core hydrogen is being fused into helium on a truly gigantic scale. That is the best - indeed, the only remotely credible - explanation of the sun's observable behavior. On a more mundane scale, the best explanation of a child's surprising blood type might well be the involvement of the former next-door neighbor, who has since decamped to regions unknown. Along similar lines, evolutionary psychologists argue that the best explanation of cheater detection skills is the evolutionary scenario that predicts their existence.


  


  Dan Dennett (1982, 1995) has discussed a parallel inference: inferring the function of an unknown artefact from its current structure and behavior. He argues that the more complex the artefact, the better our chances of picking its function. Acheulean handaxes are teardropshaped worked stones. They are roughly symmetrical, with a cutting edge. Very likely they are multi-purpose tools and weapons. They performed many tasks adequately, but none superbly. Thus it is no surprise that though they were the dominant element in human stone technology for over a million years, their exact uses remain a matter of conjecture. A three-pronged spear, on the other hand, is plainly a fishing spear. It is too light for most hunting, but it is excellent for fishing. Tools are constrained by the jack of all trades principle. A tool that can be used for many purposes is rarely superb for any single one. In a well-equipped kitchen, no one uses a Swiss Army knife for carving. Complexity tends to optimize for one role and detract from others. Hence Dennett argues that complex tools have (relatively) unambiguous functions.


  We can sometimes exploit this principle to infer from structure to evolutionary cause. The woodpecker Glade has a complex of special modifications of tail, bill, neck muscles, and skull. For instance, their tails are modified to allow them to prop and lean back; and their skulls are modified to absorb the shock of repeated blows (Skutch 1988). We are surely justified in thinking that these constitute an adaptive complex to support their very distinctive woodworking. This system is (a) complex and integrated; (b) it powers a very distinctive type of behavior; (c) that behavior is central to the life history of the animals in question; (d) it supports only that type of behavior. The first condition, adaptive complexity, is the mark of an adaptation. The others allow us to identify that adaptation more or less unequivocally.


  


  However, with the exception of our perceptual structures and motor systems, human psychological propensities are rarely functionally unambiguous. Some important features of the human mind may not be adaptations at all: they are not complex and integrated. One striking finding to emerge from an evolutionary perspective on human behavior is the risk children face from step-parents. Children are many times more likely to suffer serious abuse or death at the hands of stepparents than of natural parents (Daly and Wilson 1988). It has been half-suggested that this behavior might be analogous to that found in species like lions and langurs. In those species, males are infanticidal, killing dependent offspring when they take over a group. In such species, male infanticide may be an adaptation. It enhances the fitness of males by inducing females to be fertile while they have access to them, for when the female loses her infant, she comes back into season (Hrdy 1977; Hrdy and Janson 1995; Sussman and Cheverud 1995; Borries and Launhardt 1999; Janson 2000). But there is no reason to suppose that abuse by step-parents is an adaptation. There is no evidence that abuse now enhances, or ever has enhanced, the biological fitness of its perpetrators. Very likely it is generated by the failure of attachment mechanisms which normally damp down the frustrations and angers caused by dependency.


  There are those who think male sexual jealousy is an adaptation: it is a adaptive response to the risk of supporting a child not your own (Buss 1994). Once more though, jealousy does not have the features that uttntnbig>uouslti mark adaptations: complex, coadjusted and coordinated structure. Compare our propensity for jealousy to, say, the mechanisms which generate our visual field. No one doubts that our visual systems have been built by natural selection. Vision is astonishingly accurate and reliable. It can be tricked, but only with great ingenuity. Yet the circumstances that do trick it, trick us all. That is why we can name standard visual illusions. Jealousy would obviously be an adaptation, if its onset and intensity were exquisitely modulated to the risk of misdirected paternal investment, and if jealousy illusions were as unusual but as interpersonally predictable as visual illusions. The case for taking jealousy to be an adaptation would be much stronger if, say, there were an "lago illusion" which was as reliable and as predictable as the moon illusion. Of course, despite its contrast with vision, jealousy might still be an adaptation. Not all adaptations are organizationally complex. Not all drive fine-tuned responses to their target. Indeed, given the intimate connection between sex, male investment, and fitness, jealousy may well be an adaptation. But it might also be a side-effect of more general human capacities for the aggressive defense of resources. In any case, given that the psychological mechanisms that generate jealous emotions are not fine-tuned and interpersonally invariant, to show that jealousy was an adaptation we would need to apply the methods of comparative biology or optimality modeling, with all their empirical burdens.


  


  Some cognitive mechanisms clearly are adaptations. There is no serious doubt that the human mind is specifically adapted for the use of language (Pinker 1994; Deacon 1997). But though language is central to human life history, it is not functionally unambiguous. Any cooperation or coordination problem - increasing group size; more elaborate division of labor; intersexual negotiations - might prompt the evolution of an efficient and open-ended system of communication. Language shows that complex capacities are potentially multifunctional, and hence some unmistakable adaptations might have been built by quite different historical paths. When a trait is potentially multi-fuctional, we cannot infer from its nature alone to its evolutionary history.


  6.3 Making Progress


  The problem of empirical constraint is not fully solvable. Theories of human evolution will remain more conjectural than theories of rodent evolution. Nonetheless, there are empirical constraints that are enough to shift the field from speculative storytelling to hypothesis formation and revision. As I see it, there are six ways of constraining theories of human cognitive evolution


  Experiment: Evolutionary psychologists are right to think that their experimental results are evidentially important. The richer and more detailed our picture of the current architecture of the mind, the more historical pathways to that architecture we can rule out. Moreover, many evolutionary hypotheses imply that extant humans have specific psychological capacities. In chapter 7.5, for example, I shall discuss an evolutionary hypothesis that is committed to the claim that human emotions are both easy to discriminate in others and difficult to fake convincingly. That is just the kind of claim that can be tested by the techniques of experimental psychology. Moreover, experimental work on the great apes is also important in establishing cognitive baselines, in establishing what distinctive features of human cognition evolved after the split between hominids and great apes (Heyes 1998; Tomasello 2000).


  


  Task analysis: A second important technique is task analysis: specifying the informational and computational demands of particular hominid capacities. I shall argue in chapter 10 that a task analysis of language enables us to rule out very early language scenarios, for an utterance has symbolic meaning in virtue of the intention of the utterer that the audience form certain beliefs. Hence there could be no symbolic meaning - no real language - without a rich theory of mind. Nonhuman primates (with the possible exception of language-trained ones) have at best partial success in tests of theory of mind (Heyes 1998; Origgi and Sperber 2000), so our best estimate is that the great apes do not have rich ways of representing the minds of others. We have no reason to suppose that the australopithecines had made any major cognitive advance over the common ancestor of hominids and great apes, hence very early members of the hominid Glade were probably not capable of using language.


  Informal task analyses have been developed for early hominid stone technology. It has been argued, for example, that handaxes can be made only by animals that can plan. These tools take a lot of making, and the flakes from which they were made come in a variety of shapes and sizes. Symmetrical, well-proportioned tools cannot be made by an automatic use of one method that fits all. Thus Wynn (2000) has argued that the makers must have had their target in mind through the shaping process. To date, most task analysis is informal and qualitative. One way to advance human paleobiology is by its more rigorous and quantitative development. In the case of language, learning theory provides a rigorous task analysis, but these ideas have not been systematically extended to other domains of human problems. This is no accident, for the artificial intelligence community has taught us that this is a far from trivial task. If problem-solving depends on a specific algorithm, then the task environment to which that algorithm applies must be well-defined. That is why so much work in Al has focused on chess and other well-defined games, for the rules of the game define the environment. It is hard to extend these techniques to agents in real-world environments. For to do so, we would need explicit characterizations of their task environments. And as David Kirsh points out, there may be no objective and explicit characterization of the task structure and task environment of many mundane real-world problems. In going to a supermarket to buy food for a dinner party, there is no discrete, well-defined set of choices. To define this task environment objectively, we would need to segment tasks into their components, identifying the action repertoire of agents, the costs of various actions, and what elements of the action repertoire are actually feasible at various points of the action sequences. Mundane tasks probably are not naturally segmented in these ways (Kirsh 1996a).2 Clearly, these problems are related to the frame problem in Al and to issues about the modularity of the mind. For they turn on the extent to which problems confronting real-world agents are discrete. There is more about these issues in chapter 10.9. For the moment I shall continue using task analysis, but in an informal and qualitative way.


  


  Modeling and confparatitie biolog>ti: Even though there are limitations in the use of quantitative modeling and comparative biology in reconstructing cognitive evolutionary pathways, they are indispensable.


  Let me outline a few examples of the use of models, to underscore both the promise of, and the constraints on, modeling. Robin Dunbar is responsible for one of the most serious and sustained attempts to use quantitative models, in arguing for the critical importance of group size in hominid cognitive evolution. Dunbar's project is to demonstrate and explain a covariation between the relative size of the neocortex' and group size. Once a reasonably robust relation is established, the neocortical ratio can then be used to estimate the cognitive upper limit of group size for the species. As Dunbar conceives it, the main selective function of group life is defense against predators (and maybe defense of territory). This selection pressure pushes size up. Group size is constrained by ecology. As group size goes up, the group has to forage further and further to meet its resource needs, putting pressure on its time and energy budget. Moreover, it is constrained by the need to service the group, by grooming and other affiliative behaviors. Affiliative behaviors are essential in containing the inevitable tensions of group life, yet they place stress on time and on cognitive resources.


  


  So the features of the physical habitat, together with the predators present and the anti-predator behaviors of the species, define a predation minima: the smallest size that contains the risk of predation. The resource characteristics of the habitat and the cognitive equipment of the species defines a group maxima. The species is viable in a habitat if the group maxima is greater than the predation minima (Dunbar 2001, pp. 183-6). This model has been developed only for baboons, and it is quite well calibrated for those animals. It predicts both the pattern of fission within populations and the distribution of the species. But Dunbar thinks that the prospects are good for extending this model to extinct hominids (pp. 186-7). Their neocortical ratios can be estimated, and so can the carrying capacity of the habitats where they were found. The basic ecological characteristics of a habitat can be estimated from total rainfall and seasonality, and there are reasonable measures of these values from paleoecology. From its ecological characteristics, we can obtain its productivity and hence its carrying capacity.


  Perhaps Dunbar is right in thinking that we can estimate group max- imas.' I think estimating the predation minima is even tougher. For that depends not just on the predators present, together with the physical and biological landscape; it depends as well on the anti-predator techniques of the group in question. And that, in turn, is very sensitive to both their social organization and their material culture. Weapons, fire, and structured, disciplined cooperation make an enormous difference to a group's prospects in the face of predators. Even so, while I have doubts about the specifics of Dunbar's model, it enables his evolutionary conjecture to come into contact with paleoecological data.


  Let us take a second example. Stephen Mithen is another who has made an impressive attempt to combine quantitative data and formal models to answer questions about prehistoric social structures. He has developed models of foraging decision-making and compared the predictions of those models to the archaeological remains left by Mesolithic hunters in Europe, and he argues that the power of these models is sufficient to indicate that Scandinavians used different foraging decision rules from Germans. Germans hedged their bets, whereas Scandinavian hunters attempted to optimize their return per hunt, even at risk of a nil return. Mithen links this difference in hunting strategy to the fact that Scandinavians were shore-dwellers, and hence had seafood as a fallback resource. They did not need to hedge their bets against total failure. Scandinavian hunting in his view was in part male advertisement. In contrast to that of the Germans, it was not a purely economic activity - a difference Mithen takes to be further correlated with the speed with which farming invaded German but not Scandinavian lifeways.


  


  While obviously simplified, Mithen's models are impressive. But they are demanding of information. His models include parameters for the value of kills of different species (both their food value and the value of bone, hide, and antlers); the probability of encounters per hunt day (which in turn depends on the behavior of the animal together with its population density); the probability of stalking per encounter; the probability of kill per stalk; the size of the social group; and the length of occupation of any particular territory.


  The hunters' responses - their decision about whether to stalk or not; their group size; their decision on whether to stay or go - are all open parameters. One point of the models is to investigate the consequences of different hunting strategies. But if the models are to have any real empirical content, kill value, the chance of encounters, and the chance of kill per attempt all have to be estimated pretty robustly. Even for the Mesolithic, putting numbers to these parameters is a bit of a stretch. Those for kill value are pretty solid. The size of the different prey species is known and that determines their food value. Archaeology itself tells us if and how bones and other hard parts were used. But extracting population density, group size, and prey vulnerability relies on modern analogies. Mithen's models are not arbitrary. There are empirical constraints on his key parameters. But it is not at all obvious that we can project models of this specificity deeper in time while retaining these empirical constraints: the Mesolithic is only 8,000 years ago (Mithen 1990, chapters 5-6).


  Mithen and Dunbar model quite specific episodes. There are much more general models, and these are particularly valuable if they are robust: if the qualitative outcome of the model is insensitive to small changes in the value of the parameters. Thornhill's conjecture about the adaptive value of rape is seriously undermined by such modeling. For a simple model shows that even on conservative assumptions about the cost of rape, and generous assumptions about its benefits, the costs massively outweigh the benefits (Smith and Borgerhoff Mulder 2001). Axelrod's work on tit for tat has been so influential because it too was taken to be robust. So long as certain features of the payoff matrix are preserved,' and so long as agents can tell whether another has defected or not, tit for tat does well in many mixes of competing strategies.


  


  Archaeology: For early hominid evolution, the archaeological and paleobiological record is very patchy, and uncertainties remain over even the most fundamental questions: whether australopithecines or habilines were the first users of stone technology (Sussman 1998); whether early australopithecines were one highly dimorphic species or whether there were two species of different sizes; whether early hominids hunted or only scavenged (Mithen 1996a). But in the more recent past, the record is rich enough and systematic enough to reveal quite subtle features of hunter-gatherer lifeways (Tattersall 1998; Gamble 1999; McBrearty and Brooks 2000). In particular, there is quite rich information about the use of resources. The bones found at various sites show the type and age range of animals harvested. Grindstones show that vegetable foods were part of hominid diets in Africa for at least the last couple of hundred thousand years. But more subtle features of social life can also leave traces in the record: for example, the existence of long-distance exchange networks from roughly 130,000 years ago is shown by the fact that at times the materials from which stone tools were made had their source some hundreds of kilometers from the sites at which they were found (Tattersall 1998; Gamble 1999; McBrearty and Brooks 2000, pp. 514-15).


  It is important, though, not to overestimate the precision of archaeological evidence even with respect to basic issues of resource use. Consider, for example, Wrangham's hypothesis that cooking was a crucial early hominid adaptation, and that it mediated the evolutionary transition from "woodlands apes" to hominids. We would expect the regular use of fire to leave a trace: fire marks a world." So this hypothesis raises the crucial issue of negative data. There is no direct evidence of control of fire. Yet in other respects, Wrangham argues persuasively that cooking, especially of underground storage organs like corms and tubers, played a crucial role in the full transition from the "woodland ape" grade to fully hominid ancestors.' Something striking happened with hominid diets around this transition time (1.9 million years ago). There was about a 60 percent increase in female body mass and a consequent sharp reduction in sexual dimorphism. There was reduction both in the size of the tooth/jaw complex and in gut size. At the sane time, there was a significant increase in brain volume. And this is expensive tissue to run.


  


  These factors indicate better food. Yet there seems reasonable evidence that meat-eating had already become significant about 2.5 million years ago. So Wrangham suggests that this sign of better food signals the invention of cooking.' Moreover, as he points out, if this idea is right, it has important implications for social organization. If cooking is important, food is not always eaten on the spot. Cooking implies delayed consumption and a central place to which foragers return. For even after the use of fire was mastered, igniting a new fire would have been at best a laborious and time-consuming activity (Ofek 2001). In turn, the use of a central cooking area implies the elimination (or reduction) of the expropriation of the resources of the weaker by the stronger. No one will take food to a central cooking place if it is likely to be taken from them.


  Wrangham marshals two additional considerations in favor of this idea. The first is a good candidate for the food that first made cooking important: underground storage organs. Forest apes do not utilize underground storage organs of plants to any extent, and they are quite scarce in rainforests. But tubers, corms, bulbs, and the like are a common response to increased seasonality, and that was one of the climatic changes that drove a shift to woodland habitats. There were important, repeated pulses of forest expansion and contraction. Moreover, some underground storage organs are quite accessible in wetlands, so there were opportunities for an easy transition to foraging regimes using such organs as a fallback food source. Furthermore, if Wrangham is right in thinking that these organs became an important part of hominid diets, it confirms the view that meat-eating had already become a significant feature of our ancestors' diets. For though these organs are rich in energy, they are not balanced. A diet could not be based only on them (Milton 1999, pp. 18-19).


  


  Second, cooking is universal among human cultures. It is often absolutely critical. In contrast to meat, which can be eaten raw, many plant staples are not edible without being cooked. Cooking makes food more digestible, and hence increases the food value of resources which were already in use. In short, the invention of cooking should generate a clear signal of improved diet. And there are only two such signals: a relatively recent (250,000 years ago) reduction of molar size, which happened after the domestication of fire, and the event 1.9 million years ago that signaled the arrival of t'rgaster-type hominids.


  This plausible but circumstantial case has to be set against the fact that there is no direct evidence of control of fire, let alone of regular cooking in hearths. According to Klein, the oldest evidence of fire is half a million years later: baked earth in deposits at Koobi Fora in East Africa. Even this is not unequivocal, as the fires may represent natural ignitions, and the same is true of other early Paleolithic sites. Absolutely unmistakable evidence is not found until sites of between 500,000 and 250,000 years old (Klein 1999, pp. 350-4; Klein 2000, pp. 23-4). From this period there is clear evidence in China and Europe of fossil hearths. Is this absence of evidence evidence of absence? Perhaps not: Klein notes that the evidence from 130,000 years ago and less (where evidence of control of fire is clear and abundant) are from cave sites. The earlier sites are open-air sites, and here evidence of control of fire would be less well preserved. On the other hand this may be because those hominids had not mastered fire. Perhaps once you have fire, and only then, will caves be homes, not traps.


  This example illustrates two features of archaeological evidence. One is negative: continuing uncertainty about even fundamental features of hominid behavior. But the second is positive: the link between resource use and other features of social organization. Confirmation of early cooking would confirm the early evolution of more cooperative life within hominid bands. This link - the strength of the connection between subsistence patterns and cultural life - has been the source of a continuing controversy about the power of archaeology: one that has lasted the best part of 50 years. Can it address questions that go beyond group size and resource utilization to address the nature of hominid political, cultural, and ideological life? Does archaeology have the power to determine the extent to which hominid social organizations are egalitarian rather than hierarchical, or the beliefs of hominids about their world? This question was posed with skeptical intent in a classic paper by Christopher Hawkes (1954), and the problem has never gone away.


  


  In the recent past - the last 100,000 years or so - there is direct evidence about the ideological and political lives of our ancestors. There is evidence from graves and grave goods; from carvings, cave paintings, and bodily decorations. But for the most part, we have direct evidence of hominids' subsistence activities and their impact: of the places they lived; the tools they used; the resources they exploited. The record improves as we near the present; there is demographic evidence too: evidence about population size and structure, and about health profiles. Diseases and injury can leave traces on skeletons: thus we know that Neanderthals lived tough, damaging, and short lives (Klein 1999, pp. 473-6). Ecological and demographic information about past populations is limited. But even if it were rich, do the economic and demographic facts fix, or at least sharply constrain, the ideological, political, and cultural facts? Do facts about subsistence constrain facts about how these peoples organized themselves and how they saw themselves and their world? Notice that the constraints in focus here are epistemic, not explanatory. Hawkes' skeptical challenge can be answered if patterns of subsistence and life history do not z'ari/ independentli/ of patterns in social, political, and cultural life. At issue is integration, not determination: we do not need to suppose that the organization of subsistence determines the organization of other aspects of life, just that these vary together. The right response to Hawkes' problem turns on how tightly a group's ecology is linked to its sociocultural life (Binford 1984, 1985; on these vexed issues, see Jeffares 2002).


  Speciation and discontiniiitt/: Speciation patterns have the potential to impose empirical constraints on our hypotheses. For different views of cognition and evolution make different predictions about the interaction between speciation and the archaeological record. Evolutionary psychology takes the human mind to consist in an array of developmentally entrenched adaptive specializations. This picture of the mind suggests that the archaeological record should be one in which discontinuities are linked to speciation events. If key features of the human behavioral phenotype are direct consequences of specific cognitive adaptations, and if new adaptations are predominantly built at speciation events," then significant changes in human social organization, ecological roles, and technological competence should be correlated with such speciation events. Phenotype changes involve changes in our innate cognitive equipment. These in turn induce behavior changes. And those behavior changes will result in physical traces: a discontinuity in the record. If, on the other hand, evolutionary change takes place mostly within a lineage rather than when lineages split; or if hominid behaviors depend on developmentally more labile aspects of hominid cognition; or on more general-purpose cognitive mechanisms; or on the gradual, socially mediated construction of skills, then we would expect changes in behavior to be more gradual, more regionally varied (for behavior would be more dependent on features of the local ecology) and less tightly coupled to speciation patterns.


  


  There is a good deal of controversy about the extent to which changes in hominid behavior are linked to speciation events and species boundaries. There does seem good evidence for a distinct and continuing difference between modern human and Neanderthal lifeways and one that persisted even when they were in contact (Mithen 1996b; Tattersall 1998). Even this case, though, is complicated. There is one important late Neanderthal site showing apparent technological and cultural transfer from the sapiens culture with which these Neanderthals were in contact."' Let's suppose, though, that the Neanderthal case holds up. Even in contact, these two hominids behaved, lived, and thought differently. If so, this seems to be the exception rather than the rule. For example, the "Middle Stone Age" (also known as the Middle Paleolithic) marked a major transition in hominid life. It marked the beginning of the burial of the dead; of clear evidence of routine hunting of large game; of clear mastery of fire; of clear evidence of cultural variation in tools. It was the time of a revolutionary change in stone technology. After more than a million years, handaxes were replaced by composite tools - complex tools in which shaped stone was combined with wood and hide. These differences mark a major change in material culture - especially if the invention of complex tools really did co-occur with a significantly increased mastery of fire. Yet no one thinks this shift took place as part of a speciation event; nor was Middle Stone Age technology restricted to a single species. Middle Stone Age dates are rubbery, and it seems to have begun at different times in different places. But, say, 250,000 years ago there were Middle Stone Age cultures in Africa, Europe, and Asia, in three independently evolving hominid lineages.'' If the transitions from handaxe cultures to Middle Stone Age cultures were piecemeal, gradual, dispersed in time and space, and if they took place in three distinct hominid lineages, then the explanation of these transitions is probably cultural or demographic.


  


  The same, I think, is true of the "Upper Paleolithic" - the transition, so-called, to fully modern human behavior. This case is much more controversial, for until recently it has been received wisdom that this transition was abrupt and explosive. Many have supposed there to have been a major discontinuity in the archaeological record about 60,000 years ago (Mithen 1996a; Klein 2000). On this view, there was a "cultural explosion" whose effects included a massive increase in the regional differences between the material culture of different groups; in the elaboration of material culture; and in the range of physical materials exploited. This explosion was marked as well by the first appearance of grave goods; by boat-building (hence Homo sapiens got to Australia), and by public symbols. The first preserved public symbols (cave paintings) date from about 30,000 years ago, but ocher and nonfunctionally carved artefacts were in use considerably earlier (Mithen 1996b). Even if the cultural explosion is real, its link to speciation is uncertain, as anatomically modern H. sapiens was certainly on the scene 100,000 years ago. But more importantly, this whole conception of an abrupt change may well be an artefact of concentration on Europe, the limit of the sapiens range. In Africa, in the core area of its range, the changes in behavior seem much more gradual and less coordinated (McBrearty and Brooks 2000). In my view, there is a good case for thinking that many distinctively human behaviors were assembled gradually, and they had no common center of origin.


  It would obviously be premature to think that a pattern has been demonstrated. But as I read the record, distinctive human behaviors do not seem to have points of origin. They seem mostly to appear gradually and at different places. While the hominids were still a multispecies lineage, innovations did not generally appear in just a single species and spread in it alone. These considerations seem to me to tell against the idea that distinctive human social, ecological, and technological skills were based in capacity-specific, developmentally entrenched adaptations. Tomasello (1999) argues that three time-scales are important in hominid evolution: that of an individual's life history; that of phenotypically significant genetic changes in a population; and the "sociogenetic" time-scale of the socially mediated, gradual construction of new skills, techniques, and social organizations. The dispersed origins of distinctive human capacities, if confirmed, would support the importance to human evolution of this intermediate time-scale. It would also confirm the importance of developmentally labile aspects of human cognition, of cognitive mechanisms not developmentally precommitted to specific capacities. There is more on this in chapter 9.


  


  Putting all this together, it is clear that there is no golden bullet. There is no source of data that allows us to test our hypotheses unproblematically. All these data streams have problems and limitations, typically increasing with historical depth. Nevertheless, the evolutionary history of hominid behavior is not an information black hole. There are empirical constraints on our evolutionary speculations; soft constraints, perhaps, but nonetheless real ones. I will illustrate these empirical constraints through a specific example, Tomasello's Conjecture.


  6.4 An Example: Tomasello's Conjecture


  Tomasello (1999, 2000) has argued that the evolution of a quite specific learning capacity plays a critical role in the transition to modern human behavior: namely the evolution of true imitation. While I think that Tomasello oversells the importance of imitation (see chapter 8.5), he is right in thinking that it plays a pivotal role in human culture. True imitation makes cumulative improvement in technique possible. It makes it possible to transmit the incremental improvement made by one agent to others, so the improved technique becomes available as a platform for further improvement. Thus chimpanzee material culture is quite varied, but it is also quite rudimentary. There is no evidence that any chimp tools exist in their current form as the result of a cycle of discovery and improvement (Boesch and Tomasello 1998; Whiten et al. 1999). That is not surprising. In experimental circumstances, great apes are capable of learning by imitation, but it seems to be at the edge of their cognitive capacities (see chapter 4.3). Tomasello's Ratchet - that is, the cumulative improvement of innovation through social learning - does not turn in the chimp social world. When, then, did true imitation become an important part of hominid psychology and social life? I think there is evidence that imitation has quite shallow historical roots, for the archaeological pattern shows that for the best part of 2 million years - until the evolution of unquestionably modern humans - stone technology was very conservative, and for long periods quite crude.


  


  Broadly speaking, in the period before the appearance of culturally modern humans, stone technology developed in three phases. The first was the so-called "Oldowan" industry - a miscellany of worked rocks of various sizes and shapes. Many of these may well have had no function at all - the business was done by small flakes struck from these rocks, and what we see are the waste products. So Oldowan industry stone artefacts probably consisted of flakes removed from pebbles and the remaining useless core. The Oldowan appeared about 2.5 million years ago, and disappeared about 1.65 million years ago, to be replaced by a handaxe technology that lasted till maybe 250,000 years ago (Klein 2000). Handaxes were symmetrical, often nicely proportioned, pear-shaped tools with one face worked on both sides, so one edge was sharp. There is a fair bit of variability in the details of the use of stone after handaxe technology was replaced, but the major change is the shift to composite tools using worked stones as parts.' So the gross pattern is one of three major periods: sharp flakes for about 800,000 years; then handaxes (plus flakes) for more than another million years; then composite tools with a diversity of stone shaping techniques beginning about 250,000 years ago.


  The dominant impression here is persistence rather than change. How is this to be explained? Perhaps the record of the use of stone tools is misleading, and conservative technologies in stone coexisted with the exuberant development of other technologies - ones using hides, sinews, wood, and other plant materials. But stone was not the only durable material available to early humans: shellfish, coral, bones, ivory, antlers, and teeth were also available and until recently (that is, the last 200,000 years or less) there is no sign of these materials being incorporated into a dynamic technology. It would surely be stretching credulity to suppose innovation proceeded in perishable materials but not persisting ones, given that there are so many persistent materials.


  


  Thus until the relatively recent past, hominid use of tools was characterized by technological conservatism, perhaps extreme technological conservatism. There seem only two ways such conservatism could be explained. Perhaps tool use by individual hominids did not vary much in adaptively significant ways. The millennia ticked by, and handaxe- makers (for example) went on making and using handaxes in the ways they always had. This does not seem likely. It may well be that no one improved their tools, or made a new tool, in a flash of insight. But the suggestion that there was no variation implies that toolmakers almost never even stumbled by mistake on improved tools or techniques, recognized what they had found, and then took advantage of this happy accident. A second option - surely more likely - is that improvements were not preserved. I think this is very suggestive indeed. It hints that Tomasello's Ratchet is not yet turning.


  A task analysis (alas, informal) of early and middle hominid stone technology reinforces that suspicion. There is no reason for thinking that Oldowan industry required true imitation. Oldowan tools can all be produced by hard hammer techniques in which flakes are struck off cores with naturally acute angled faces by sharply angled strikes. This is quite a skilled activity. But it is not beyond the limits of trial and error discovery, especially if this is socially mediated by the knowledge that stone tools are a resource and if there is plenty of time during juvenile dependency for the skill to be acquired. Moreover, there are a number of ways these tools can be made. Their form does not determine a single method of making them. They can be made by hard hammer percussion, in which both hammer and core are handheld, and the hammer is used to strike flakes off the core. But there are other techniques that work as well (Schick and Toth 1993).


  Handaxes were struck from much larger rocks, using large hammer-stones and considerable force. This yields a stone which requires further shaping. Once more though, these techniques do not require a complex and predetermined sequence of specific behaviors though handaxe manufacture probably does require that the makers understand their aim (Schick and Toth 1993). Thus it is not until we reach the "Levallois" technology (or perhaps even later), that we see components that require a good deal of specific preparation and tools with proper parts (Mithen 1996a; McBrearty and Brooks 2000). We then see axes, spears, and other hafted tools though the earliest spears are dated at about 400,000 years ago (Tattersall 1998). It may be possible to pass even this technology down the generations by trial and error learning, for prolonged juvenile dependency gives plenty of time for experimentation.


  


  So until relatively recently, stone technology does not seem to have required true imitation. Recall too the fact that stone is not the only hard material that was available to hominids. Bone, horn, antlers, and ivory were also available. For those that lived near water, shells, corals, and other hard marine materials were also available and at times abundant. Bone may well have been used as a digging tool for a very long time, since it would not need to be worked for this use. But there is strikingly little evidence for the use of carved bone, horn, or ivory much before 100,000 years ago (Mithen 1996a; McBrearty and Brooks 2000). Yet the flexibility of horn makes it superior to stone for a number of purposes. Since it gives, it is less apt to break. If there were occasional uses of these materials, they failed to spread in the population, and failed to become available as a basis for further innovation.


  Moreover, the failure to exploit other useful materials suggests that the users of stone technology had a rather "blind" understanding of their own tool making efforts. Error patterns are revealing. As we saw earlier (chapter 3.4), Visalberghi is responsible for a series of experiments on the use of tools by capuchin monkeys, in which the errors monkeys make in the trial and error process, and their inability to generalize one solution to a slightly different problem, strongly suggest that they have very limited understanding of tools' causal properties (Visalberghi and Limongelli 1995). The fact (if it is a fact) that until Homo sapiens or its immediate ancestor, hominids did not work bone, antler, horn, or ivory suggests that they too did not understand the properties that made material suitable as tools. If so, that makes imitation learning less likely, for imitation and causal understanding are connected. I argued in chapter 4.3 that true imitation is a cognitively sophisticated task, calling for a quite abstract, functional representation of a problem and its solution.


  The evidence suggests that true imitation was late, not early. Comparative biology is part of this evidential mix. Work on great apes shows that they learn little via true imitation, and hence this capacity has been greatly elaborated in the hominid lineage. Informal task analysis plays a crucial role, for that analysis tells us that both that the older forms of hominid stone technology probably did not depend on true imitation for transmission across generations, and that the paleoanthropological signal of high-fidelity true imitation is the cumulative multi-generational construction of new skills. Paleoanthropology itself tells us that this signal appears surprisingly late in our record. If the recent critique of the "human revolution" is right, it appears gradually, and at no point of origin. Different new skills first leave their mark in widely scattered, mostly African, sites (McBrearty and Brooks 2000). This is as we would expect. Even if true imitation itself is a genetic change with a true point of origin (rather than an interaction between a genetic change and the changing hominid environment), the signal we see is not true imitation itself but its cultural consequences: the multi-generational construction of a new skill. Those consequences will be dispersed in space and time. For they depend not just on the capacity itself but on environmental opportunities and demands, and on the exigencies of individual innovation.


  


  Despite converging lines of evidence, there is room for much more rigorous tests of the conjecture, tests in which quantitative models play an important role. For example, the conjecture rests on the idea that the spread of innovation depends on the transmission of highfidelity information. Yet transmission is not all or none. Is the information that a spear can be made by attaching a sharp stone point to a wooden shaft enough to sustain the spread of this innovation? If not, how much more information is needed? Evolutionary models could be used to test fidelity thresholds for the spread and maintenance of innovations in a population. Clearly, models of this kind will be difficult to construct, for they must depend on assumptions about the power of trial and error learning. Information transmission models will have to be linked to others which explore the costs and benefits of imitative learning. These benefits include acceleration. Some abilities which are acquired by trial and error learning could be acquired more rapidly by an animal who could imitate. Thus chimpanzees in some populations learn to open hard nuts by a hammer and anvil technique. They do not learn by imitation, and they take some years to acquire this ability. Imitation, presumably, would accelerate this process. As the target ability becomes more difficult to acquire, a point will be reached where it cannot reliably be acquired by individual trial and error learning. But if one or a few others have been lucky, and a model is available, it can still be within the range of imitation learning. But imitation will also have costs. Those include the costs of the neural equipment needed to sustain it, and that is a cost we cannot currently estimate. But there are also costs of error: a tendency to copy what others do is a way of falling into had habits as well as good ones. In fast-changing environments, the habits of the previous generation may no longer be adaptive, yet they may still be transmitted from parent to offspring. Moreover, a suboptimal technique can become fixed in the population if it happens to be hit on early and to spread. We saw in chapter 4.3 that different chimp groups use different techniques in termite-fishing, one of which is inferior to the other. If these behaviors are maintained in their respective populations by imitation, we have here an instance of the fixation through imitation of a suboptimal technique. If we can explore these trade-offs, we may be able to get a fix on the type of environment in which imitation pays for itself: when the learning it alone makes possible is worth its costs (Laland 2001).


  


  Modeling the costs and benefits of learning must go hand in glove with experimental investigation. Which paleotechniques really need imitation and cultural invention; which can be done by socially mediated trial and error learning? Experiment cannot recreate the circumstances of a juvenile in a hominid culture, especially if that juvenile was a member of another species. But if paleoanthropology students find it easy to learn for themselves, say, the techniques involved in making stone tips and hafting them onto spears, that would undermine the view that imitation was needed for this skill to be propagated in the group. Conversely, if the acquisition of these skills, fundamental to Paleolithic lifeways, utterly resists individual exploration, the imitation-learning hypothesis becomes much more credible.


  In short, while there is room for considerable further empirical testing, Tomasello's Conjecture has considerable empirical support. Moreover, both its strengths and its limitations illustrate the evidential constraints discussed in section 6.3.


  6.5 Conclusions


  The task of synthesizing human psychology and evolutionary biology has been extraordinarily difficult. Some of those difficulties are unavoidable. We are very peculiar beasts, peculiar in ways relevant to evolutionary theory. But mine is not a counsel of despair. Some cognitive adaptations may be like the woodpecker's skull. They have their history immanent in their structures, and a more detailed understanding of their cognitive architecture will make their history obvious. Some of evolutionary psychology's bold conjectures may well come off. But most will not. Even then, a combination of task analysis, as detailed and specific as possible; a gradual improvement in our knowledge of archaeology, paleobiology, and hominid speciation patterns; together with quantitative evolutionary modeling, can slowly turn conjectures into hypotheses; hypotheses not just testable, but tested. I turn now from these methodological issues to establish a broad framework for hominid cognitive evolution.
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  THE COOPERATION EXPLOSION


  7. 1 The Cooperative Primate


  I have a distinctive story to tell about the distinguishing features of human evolutionary trajectories. That story will depend on the confluence of three features: cooperation, the interaction of evolving lineages with their environments, and selection for plasticity. I begin with an aspect of human life that no one denies, but whose significance has been understated: cooperation. I want to emphasize two aspects of this discussion. It will turn out that hominid social environments are heterogeneous over space and time, and it will also turn out that social and environmental challenges are interdependent. The social world is neither stable nor infornlationally autonomous.


  Humans are an extraordinarily co-operative species. Matt Ridley begins his Origins of Virtue (1996) by claiming that it is probably a million years since humans lived by their own unaided efforts. His dates are somewhat conjectural, but there is no doubt that there has been an explosion of cooperation in the human lineage,' and one with profound implications. For cooperation encompasses not just collective and coordinated hunting and defense, important and ancient though these adaptations probably are. It includes, much more unusually, cooperation between the sexes, for males invest time and energy in their children. And it includes a division of labor and the trade that makes that specialization possible. This too may well be ancient. Our technological and ecological proficiency is social, mediated both by the accurate transmission of information between the generations and the division of labor within them.


  


  Once established, cooperation is an enormously potent adaptation. Technological specialization and the advantages that the law of comparative advantage bestows on trade generate great benefits. Specialization and trade probably presuppose an established environment of cooperation. But even cooperation in defense, hunting, and foraging gives access to a far broader range of resources than any individual hominid could access. Cooperation both increases the fraction of local resources harvested and buffers the effects of variation in any one resource, and it ameliorates many dangers to which primate flesh is heir. Once established, then, cooperation will transform both the ecological and the social environment. In turn, among intelligent social animals cooperation leads to profound cognitive transformations by changing the mix of problems faced by agents.


  But cooperation is a difficult adaptation - it is not within the space of evolutionary possibility for most lineages, for reasons made vivid by the Prisoner's Dilemma. For most animal species, the Temptation to Defect subverts cooperation.' Male langurs attempt to kill the dependent young of females in bands which they take over. Yet, despite the fact that each female would be protected in a solid coalition, they do not mobilize collectively against such males. If they cooperated in defense, wildebeest would have little to fear from African hunting dogs. But in both cases, and many others, the free-rider would be fitter still. Though everyone is better off in a cooperating rather than a defecting group, a defector in a predominantly cooperative environment is better off still. Defection is often disruptive, reducing everyone's absolute fitness. Yet without some countervailing evolutionary mechanism, selection can allow disruptive behavior to invade. Thus, if aggressive males who expropriated the foraging resources of women were more fit than males who respected their property rights, without a countervailing force that behavior would spread in the population. It would spread even if this bullying strategy undermined cooperative food gathering altogether, depressing the absolute fitness of every individual in the population, even that of the thief. For selection is sensitive to relative, not absolute, fitness. Hence cooperative behavioral patterns are hard to build and maintain.


  


  7.2 Group Selection and Human Cooperation


  Cooperation thus raises an important problem in evolutionary theory. Sober and Wilson (1998) have argued that, despite the dominance of individualist views of selection, models of the evolution of cooperation explicitly or implicitly rely on group selection. If the notion of group selection is understood in a somewhat undemanding way, as a kind of population-structured selection,` Sober and Wilson are right (see Dugatkin and Reeve 1994; Sterelny 1996b; Kerr and Godfrey-Smith 2002). Thus, to understand the cooperation explosion we need to explain the special potency of group selection in human evolution.


  Group selection for cooperation is powerful only if three conditions are satisfied:


  I Groups must differ one from another in their cooperative tendencies.


  2 Animals from cooperative groups must have a tendency to form cooperative groups themselves (and likewise for other group profiles).


  3 The fitness advantage of altruistic groups over selfish groups must outweigh the fitness advantage of selfish individuals over altruistic individuals within mixed groups. This can happen in two ways. The fitness difference between cooperators and defectors within a group might be small compared to the fitness difference between selfish and altruistic groups. This is the cheap altruism solution. Another possibility is the existence of mechanisms which (largely) prevent mixed groups forming. This is the harrier solution. Without cheap altruism or barriers, group selection cannot be strong.


  


  Sober and Wilson (1998) argue that human cognitive adaptations often reduce the cost of altruism in mixed groups. Altruism is often cheap, because monitoring defectors and imposing sanctions on them flattens fitness differences within groups. Surveillance and punishment do not make the problem of defection disappear. Surveillance and punishment are collective action problems in themselves. But they can be cheap forms of cooperation. If cooperative acts are rewarded in my group, and defection is punished, my individual fitness calculations change. Suppose I have caught a pig. All else being equal, I would like to eat it myself. But all else is not equal. If I share the pig, my prestige and status will go up. An extra-pair copulation or two may even come my way. If I eat the pig myself my name will be mud. The cost-benefit calculation shifts toward sharing.


  This does not mean that there is no problem in explaining the evolution of food sharing. Rather, the problem switches to explaining rewards and punishments, for these acts are altruistic: they benefit the group rather than the individual agent concerned. But this is a crucial transformation, for this problem is much easier to solve. As we shall see in section 7.5, there probably is some fitness cost to hailing the conquering pig-killer and ostracizing the selfish glutton. A defector avoids the risk of making an enemy. But the fitness cost is usually small. A reward and punishment system acts as an altruism multiplier, by transforming a large sacrifice of self-interest (sharing the pig) into a small one (rewarding the pig-sharer). It thus reduces the cost of altruism to altruists in mixed groups, without reducing the grouplevel benefit of altruism.


  Thus Sober and Wilson think that the cognitive and social innovations that support a system of rewards and punishments form the key to the human cooperation explosion. For it enhances the power of group selection: a willingness to punish defection from social norms reduces the benefit of free-riding in mixed groups. Boyd and Richerson agree. They call this "moralistic punishment" and they think it is important because the cost of punishment is distributed across all the punishers. In ordinary iterated Prisoners' Dilemmas, punishment comes only from those directly affected by a failure to reciprocate. But punishment for violating norms can come from any individual in society, and will come from most, if punishing norm violation itself becomes a norm. If the cost of cooperation is that of punishing defectors, moralistic punishment, in reducing the cost of punishment per head, makes the evolution of cooperation more likely (Richerson and Boyd 1999). Moreover, their models and experiments suggest that just a few moralistic punishers shift the cost/benefit payoffs of all others in the group toward cooperation (Richerson and Boyd 2001).


  


  Boyd and Richerson further argue that human social learning tends to generate variation at the level of groups. Barriers are important in making group selection important in hominid evolution. Imitation and other forms of social learning tend to make social groups homogeneous. The evolution in the hominid lineage of imitation magnifies the influence of group selection by increasing the variation between groups and decreasing it within groups, for in different groups, different innovations appear and are picked up. Pervasive cultural traditions - good, had, and indifferent - reduce variation within groups and enhance it between groups. Once the conditions for group selection are in place, between-group selection will act powerfully in favor of cooperative groups. For example, it will favor those groups that share hunting successes, thus reducing the variance in their food intake. Richerson and Boyd (1999, 2001) argue that this form of bio-cultural evolution has a quite deep evolutionary history, and as a consequence we have deeply entrenched "tribal" social instincts.


  On this view there is a complex of cognitive and emotional adaptations that coevolved with and empower group selection: imitation learning, norms, and the emotions that guarantee them; language, if norms must be expressed and taught. Perhaps, too, the differences between the languages, norms, and customs of different groups reduce mixed group formation by making immigration between groups less easy (Dunbar 1999). These ideas offer a convincing account of the elaboration of cooperation in the human lineage. Once a cooperation threshold has been reached, any mechanism which improves the resource-extracting efficiency of a group tends to suppress free-riding, makes shifting between groups more difficult, or intensifies groupgroup competition will promote the evolution of cooperation. But these mechanisms do not suffice to explain the ignition of the hominid cooperation explosion. Language, norms and the willingness to enforce them, and perhaps even high-fidelity social learning are consequences of the cooperation explosion. They presuppose the prior existence of a cooperative social life. Important as these considerations undoubtedly are, they leave something out. They fail to explain why the explosion began and why it is uniquely hominid. I shall suggest that the cooperation explosion is most plausibly seen as the result of a collision between the changing world of hominid evolution and unique features of the evolving hominid lineage. A picture of that collision is sketched in the next section.


  


  7.3 The Ecological Trigger of Hominid Cooperation


  Hominid evolution took place in a world that was becoming increasingly inhospitable to ape-like ways of life (see, variously, Foley 1995; Potts 1996, 1998; Key and Aiello 1999; Foley 2001). Hominids evolved in a habitat of increasing seasonality and aridity, changes involving the transition from forest to savannah and open woodland. These changes reduced resources that were at the core of ape life, in particular, the ripe fruit on which chimp diets are based (Kaplan et al. 2000, p. 166). Pressure increased on time budgets as travel time increased, which in turn increased heat stress. Such changes played the central role in explaining the transition to bipedality. As the African forest shrank and fragmented, and the environment became drier and more seasonal, and perhaps more varied on longer time cycles (as Richard Potts argues), one lineage of African apes responded by evolving bipedalism, a more omnivorous diet (perhaps biased toward meat and scavenging), and extractive foraging with an increased use of tools. These evolutionary transitions were linked to increased body size, and growth in both absolute and relative brain size. The fact that these changes involved a shift to a more meat-based diet is of special significance to encephalization and cooperation. Brains got larger. Guts, also expensive, got smaller. Eating meat enabled us to get smarter. So if cooperation requires intelligence, one critical aspect of the cooperation explosion in the hominid lineage was this relaxation of energy constraints on brain size (Foley 1995; Milton 1999).


  These changes occurred at the same time as selection for increased cooperation. Some of these changes in life-history patterns would have impacted particularly heavily on females. A shift to a life based in woodland or savannah required hominids to travel further to meet their resource needs than had their forest-dependent ancestors. So infants had to be carried further. And they were bigger, and they were dependent longer. At some stage the increased period of juvenile dependency, perhaps together with the extra costs of larger body size, increased the energetic costs to females of children beyond a certain threshold. This, Key and Aiello argue (1999), selects for the female cooperation suite. This suite includes direct female/female cooperation over childcare, with mothers sharing the care, protection, and perhaps even the feeding of children. It includes female cooperation against males: concealed ovulation and synchronized cycles of fertility.


  


  One important version of this idea is that the female cooperation suite centrally involved cross-generational cooperation, with the evolution of post-menopausal grand mothering. In comparison to other large primates, human life history has a number of unusual features. We live longer, both on average and at our maximum (Hill and Kaplan 1999). We reach reproductive maturity late. Quite strikingly, women (but not men) typically live for ten years or more after they are no longer fertile. And yet human children are weaned younger than chimps, and (even in foraging societies) interbirth intervals are shorter than those for the chimp species, despite our larger body size and extended juvenile dependence. Kristin Hawkes and her colleagues have suggested that these life-history characteristics are linked. Grandmothers help feed and care for their recently weaned grandchildren, and this selects for a slowing down of senescence in their nonreproductive characteristics, and allows their daughters to wean earlier and reproduce faster. They tie these ideas to Charnov's model of the evolution of life histories; a model in which a crucial variable is the mortality rate of young adults. A reduction in that rate selects for greater body size through delayed maturation and a longer period of growth. And, indeed, chimps do suffer a greater adult annual mortality than humans in forager societies: 4 percent versus 1.5 percent (Hill and Kaplan 1999, p. 409).'


  Hawkes' hypothesis presupposes rather than tests Charnov's model. There are empirically constrained guesses about the basic life-history features of ancestral hominids - guesses about their age at sexual maturity, lifespan, and the like (Bogie and Smith 1996). But, of course, we have no information about their annual mortality. However, if Hawkes' idea is right, it has an important and relevant consequence: an extended juvenile period. Moreover, that would be a period in which the juvenile would spend a lot of time with an experienced and attentive adult. If an extended period of juvenile development evolved in Ho)no ergaster or H. habilis as a passive side-effect of selection for greater adult body size, it would preadapt that lineage for an expansion of social learning. Such preadaptation might well have been very important, for Hawkes further argues that this period in hominid history saw a shift to more extractive foraging. Some of the food chimps eat depends on skilled procedures for its acquisition. But much, especially fruit, is readily available. Such resources are much less abundant in drier woodlands and grasslands. On the other hand, as we have seen, the underground storage organs of plants are much more readily available.' But both work and knowledge are required to harvest and use them. The shift in early hominid habitat from forest to woodlands and grasslands put a premium on social learning around the time when changes in hominid life history resulted in an extended period of juvenile development (O'Connell et al. 1999; Kaplan et al. 2000; Richerson and Boyd 2000).


  


  In short, there are reasonably good reasons for thinking that changes in the ecology of early hominid habitats, together with some changes in life-history patterns, would have put a selective premium on female/ female cooperation, though the form, extent, and timing of that cooperation remain matters of conjecture. Cooperation between females would not have suppressed defection and free-riding by males. So how might male cooperation have evolved? One possibility is that the cognitive and motivational capacities that supported the female cooperation suite could have been inherited by sons and exapted for male cooperation. But it is very likely that there was direct selection for male cooperation too. Early hominids would have been very vulnerable to predators on grasslands and sparse woodlands. They would have been more exposed, with fewer (perhaps far fewer) safe retreats. Surely cooperation was the only solution. Baboons are large savannah primates, and their anti-predator cooperation might offer a model of the possibilities and costs of anti-predator defense. However, unless rock-throwing and clubs were exploited for defense, early hominids may have relied more on collectively organized vigilance than on collective defense and deterrence. But whether by organized vigilance, organized defense, or both, security required solidarity. In sum, early hominid cooperation evolved under a considerable degree of ecological forcing, acting both on males and on females, though in different ways.' These ecological changes were coupled to, and coevolved with, a suite of cognitive and behavioral changes.


  


  7.4 Coalition and Enforcement


  The evolution of cooperation depends on largely suppressing firstorder defection and making second-order altruism cheap. It depends, for example, on deterring, at low risk to all concerned, a hunter from eating his own pig. For cooperation to become a central feature of hominid lifeways, the punishment of defection had to be cheap. In turn, that implies that the enforcement mechanism involved coalitions. If the cost of punishment is distributed over a group of cooperators,' coalitions of individually less powerful agents can restrain a more powerful individual who would otherwise be in a position to dominate and to monopolize resources. And they can do so without great cost to any one of them. How, though, did such coalitions evolve?


  In this section I will discuss two important ideas about coalition and enforcement. But before moving to the specific proposals, I want to highlight a problem faced by all such theories. Bingham, Boehm, Sober and Wilson, and Boyd and Richerson all argue in different ways that collective threat and collective enforcement are cheap for the enforcers and expensive for the victims. No doubt. that is often true. But it presupposes that till goes sinoothli/. It presupposes that coordination is seamless and the target is in no position to develop an effective enmity against one or two key individuals in the coalition, either because (a) the target is completely cowed by coordinated sanction; (b) the target is expelled, killed, or crippled; or (c) the coalition is so integrated that there is no particular individual to resent. These conditions will not always be met. Coalitions will falter. The target will sometimes be unbroken. Enmity will sometimes be specific and effective. Explanations of the evolution of cooperation that emphasize the role of coalitions in suppressing free-riders and other defectors are certainly onto something very important. But they understate the problem of coalition formation.


  


  The simplest view is that of Paul Bingham (1999, 2000), and I shall discuss Bingham's ideas in some detail. I do so not because they are probably right, but because his explanation is of the right kind. It concentrates on explaining the critical phenomenon: the evolution of enforcement coalitions. And it develops an explanation of their evolution which presupposes neither the prior existence of rich cooperation nor cognitive adaptations that evolve only in richly cooperative environments.


  Bingham argues that cooperation is early, for the critical step was the evolution of stone-throwing and clubbing, probably for defense against predators or for hunting. As he sees it, the last common ancestor already had in place the social intelligence needed for cooperation. They were able to form coalitions, they had some ability to anticipate current behavior, and they had some ability to estimate the benefit of resources. Cooperation takes off at the confluence of social skills and dispositions that had already evolved by the split of the lineage of the great apes and hominids, with the first invention of stone technology in clubs and thrown rock projectiles. Chimps are much stronger than us, but they lack the fine coordination needed to throw fast and accurately, so this is an invention of the hominid or australopithecine lineage.


  The crucial premise in Bingham's case is that the invention even of the simplest and crudest weapons makes enforcement cheap even when it is targeted on powerful individuals. The reason for this is that the risk to each member of a coalition falls rapidly as the size of that coalition increases, so long as every member of the coalition can attack together. Suppose, for example, that the first weapons were thrown rocks, and the first armed hominids could throw a rock with enough force to injure from about ten meters. A lot more individuals can simultaneously throw a rock from ten meters at a bullying alpha male than can simultaneously try to punch that male. So, from the target's perspective, there are more incoming stones than there would have been incoming fists. The dodging problem has suddenly got a lot harder and there will be more hits to absorb. Moreover, his return fire is now divided among a lot more targets: for each member of the coalition, there are fewer incoming stones than there were fists. The damage the target sustains will shorten the period during which he can return fire. He could have boxed on a lot longer than he pitched on. Their dodging problem has got easier." Even if the invention of weaponry adds nothing to the deadliness of conflict on a shot-byshot basis; that is, even if stones are no more dangerous than fists, a coordinated coalition armed with stones is immensely more deadly than one armed with fists, because it can be much bigger.


  


  In summary, Bingham argues that punishment ultimately depends on the credible threat of death or injury. Without weapons, death or injury can be inflicted only at close quarters, with a few on one. That reduces the opportunity for multi-party punishment (Bingham 1999, p. 139). Hence the cost of punishment must be high. Weapons change this. Even the first weaponry made enforcement coalitions virtually risk-free for members of any coalition of a decent size. The same invention makes them deadly for their targets. Thus the invention of relatively crude tools, and then their exaptation for social purposes, together with cognitive mechanisms already in place, establishes a selective environment with a feedback loop built into it." As coalitions increase in size, the risk to each member declines rapidly. This imposes strong selection pressure to induce others to join enforcing coalitions, i.e. to enforce st'cortd-ordt°r, not just first-order, altruism. But since the risks are low, the temptation to defect from punishing coalitions is weak. Moreover, as coordination improves, and the ability to kill at a distance grows, the size of punishment coalitions can grow and the individual cost of punishment falls further.


  


  In my view, Bingham has put his finger on something of great importance: virtually all the benefits of cooperation presuppose the existence of within-group measures against first-order defection. But his conception of the nature of those measures is one-dimensional. First, he overlooks the enforcement value of second-order rewards. If members of a group can make choices about who to interact with in cooperative ventures and in sexual ones, then they can reward cooperators. Costs can be opportienitl/ costs. Moreover, his assessment of the costs and benefits of the resort to weapons is crude. Here the case of chimp conflict is especially telling. Bingham seems to be just plain mistaken in supposing that it is only weapons that make coalitional enforcement cheap. The field data on chimps (initially from Gombe but now from other sites too) shows that bands of chimps can safely kill a ]one individual (Wrangham 1999, especially p. 12). The critical point is that chimps and hominids (as distinct from lions, who also kill in coalitions) do not have natural weapons that can be lethal on a single strike. They can kill only by repeated and/or coordinated strikes. Hence the members of a chimp coalition can safely inflict lethal force. So if the common ancestor had (as Bingham supposes) the cognitive prerequisites for coalitional enforcement, then these data should lead Bingham to predict that we should see the ignition of cooperation in chimps' social life. And that we clearly do not see.


  This is important, for it suggests that Bingham has understated the cognitive prerequisites of counter-domination coalitions. The critical difference, I conjecture, between the all-male chimp bands and their targets and Bingham's enforcement coalitions is that the targets of the chimp band had no opportunity to disrupt the formation of the coalition, for their targets are normally targets of opportunity in other chimp groups."' These chimp coalitions are raiders entering neighborhood territory, and they attack males (and sometimes females) if they find them in vulnerable circumstances. In contrast, the targets of Bingham's hypothetical enforcement coalitions are members of the very same group from which the coalition is formed. That is important, especially if the defector is a powerful individual. De Waal's work suggests that dominant males are aware of the potential threats posed by coalitions, and often take successful action that preempts their formation. So it may well be that coalitional enforcement alliances have quite demanding cognitive and affective prerequisites, for they need to be resilient in the face of disruption and they depend on mutual trust over extended periods. There is plenty of evidence from human history about the effectiveness with which a despotic alpha male can prevent assassination by disrupting dangerous coalitions. When the stakes are high and the intended victim is dangerous, coordinated murder is not easy.


  


  Moreover, first-generation weapons may well have made coalitions less secure, and coalitional enforcement less evolutionarily accessible, for they increase the risks to members of a small coalition. A single australopithecine armed with a club (or a stone) has some real chance of taking one of his assailants down with him. That is especially true if the single one is the strongest; if the others are still somewhat intimidated by him; and if coordination is not perfect. A powerful and deviant individual is unlikely to wait to be attacked when the coalition is good and ready, but will instead attack one or more of those he perceives to be his enemies before the coalition is fully assembled. Good models of the costs and benefits of enforcement coalitions are critical to a full evaluation of Bingham's mechanism. For we need to know how rapidly the risk to enforcers increases as we make the model more realistic, factoring in imperfect coordination and the uneven distribution of risk across the coalition. In short, Bingham has isolated a very important mechanism, enforcement coalitions, and one way that coalitions may have played a special role early in the hominid lineage's evolution. This is a genuine candidate as a triggering mechanism, but he understates the cognitive prerequisites of enforcement coalitions.


  Chris Boehm (1999, 2000), in contrast, has a view of coalition formation and maintenance which fits recent forager communities but which is too cognitively rich to he a model of the initial elaboration of coalitional enforcement. His mechanism is based on ideology, on explicit norms. Human foragers are highly and self-consciously egalitarian. Boehm surveys a rich body of ethnographic data which support his view that forager cultures are not just egalitarian in practice. Their egalitarianism is supported by explicitly egalitarian norms. Nomadic foragers live in groups that emphasize the importance of sharing, especially of hunting successes. Moreover, they resist attempts by any individual to dominate the collective decisions of the group, to freeride, or to take the lion's share of resources. But the egalitarian politics of hunter-gatherer society does not come for free. It requires vigilance (gossiping); frequent, preemptive but low-key interventions against signs of uppityness and freeloading; and the threat of lethal sanction. Such a threat is usually tacit, but it is sometimes expressed in the form of cautionary tales. These threats are occasionally executed. In short, egalitarian life is routed through morality. In egalitarian societies, bullying alpha male behavior is regarded as deviant and is suppressed on that basis. Foragers have nouns of equality.


  


  So far, so good. The problem for Boehm's model is projecting it into the evolutionary past. For one thing, language plays a central role in his picture of hunter-gatherer egalitarians. The ethnographic examples suggest that linguistic interventions - teasing, jokes, ridicule - are themselves important in keeping free-riding and bullying in check. But language is also an instrument of both surveillance and planning. With language, a group can respond to incidents only a few of them have witnessed (surveillance), and they can respond at the time and in the manner of their choosing (planning). Without language, the constraints on response to domineering are severe. An egalitarian culture without language would have to rely on (a) enough of the group being present at an incident of bullying; (b) one or more individuals resenting that bullying; (c) their resentment acting as an emotional trigger for the group; and (d) occasional action of this kind being sufficient to suppress alpha male behavior.


  Boehm takes his ethnographic evidence to show that forager communities know what they are doing. Egalitarian regimes are the result of something like a social contract in which "adult males agree to give up their individual possibilities for domination of others in order to be certain that no one individual may dominate them" (Boehm 1999, p. 179, in a commentary on Erdal and Whiten 1994). Counterdominance alliances depend on a sophisticated understanding of individual and collective dynamics. Individual foragers are aware of the threats both from free-riders and would-be bosses. They know that such threats must be policed and checked, and they know how and when to do so. Bands have egalitarian politics only because agents act purposively and act together to ensure they do. Such polities are the outcome, not the engine, of human cognitive evolution. Forager egalitarianism may well be maintained by these quasi-deliberate, linguistically mediated norms. But significant egalitarianism must have predated the evolution of these highly reflective mechanisms. Moreover, forager egalitarianism must rest on more than norms, for norms must be enforced to be effective.


  Chimp social life, as Boehm notes, is hierarchical. It is dominated by one or a few high-ranking individuals who intimidate others. There are certainly some elements of cooperation, but they are limited in size, in purpose, and in duration. Features of human social life with deep evolutionary roots could not have evolved in such a social order. Central place provisioning presupposes respect for property. It cannot evolve if those bringing resources back are likely to lose them to stronger individuals. But once anti-dominance coalitions structure social groups, individuals can shift from feed-as-you-go foraging to central place provisioning, and enjoy the benefits of variance reduction strategies. Once the fruits of work or exchange become safe from dispossession by the stronger, other forms of specialization based on exchange also move into the arena of the possible. For example, Haim Ofek (2001) intriguingly argues that fire and fire-keeping may well have been the earliest exemplar of specialization and exchange. He begins with the idea that there was probably a considerable gap between fire becoming a central feature of hominid life, and hominids mastering a reliable and convenient ignition technology. If there were such a gap, that would put a premium on a root fire, one which was kept going all the time by specialists at some secure spot. These fire-keepers would trade ignition for the means of life. Ofek shows both that this arrangement would be socially efficient and that others would be unstable. But his case presupposes that the fire-keeper will not routinely be bullied into giving ignition for free.


  


  The dating of the shift to central place provisioning in hominid foraging patterns is uncertain, but it must be much older than 100,000 years ago. Given the dates for the use of fire, central place provisioning must be half a million years old, and almost certainly much older. Yet cooperative hunting and food sharing would be adaptive only after the free-rider problem had been brought under at least partial control. And the most dangerous free-rider is the dominant, domineering one. Once that problem is solved, but only then, would variance reduction strategies be bought into the pool of evolutionarily accessible cooperative behaviors.'' The details and the timing are conjectural. But significant cooperation antedated the mechanisms Boehm appeals to in explaining contemporary forager egalitarianism. So how could Boehm's egalitarian forager societies have evolved from ones using simpler enforcement mechanisms?


  


  7.5 Commitment to Enforcement


  We cannot project Boehm's picture of the bases of cooperation back into the deep past, yet cooperation itself has old roots. On Boehm's view, morality functions to ensure cooperative, prosocial behavior within a group, and it consists in a relatively explicit set of consciously understood norms. The depth of cooperation shows that the cognitive preconditions of more egalitarian social relations need not be as rich as this. Moreover, Boehm's picture leaves something out. It is not enough for foragers to have egalitarian norms. They must be motivated to enforce them. But policing norms has a cost, and hence policing involves a so-called "commitment problem." Enforcement coalitions pose a standard version of the paradox of deterrence. That paradox is as follows. Agents maximize their utilities by making credible threats, for credible threats deter (in this case) antisocial behavior. If you attempt to take my pig, I shall attack you. But carrying out that threat imposes a net cost. In most circumstances, a pig is not worth a fullscale fight. So how can the threat be credible?


  This dilemma sets up a commitment problem, for such problems arise when an agent's utility is maximized if lie or she can "precommit" to a specific form of action should certain circumstances arise: an action which would not then be in that agent's interests. If, as it must, the transition to more egalitarian social orders involved coalitional enforcement by gangs of the weaker against the strong, it posed a problem of just this kind. Deterrence poses a commitment problem because, if it fails, retaliation usually has net costs. Yet deterrence will fail unless the threat of retaliation is credible. So an agent is best off binding himself (or herself) to retaliate if attacked whatever such retaliation costs. Enforcement coalitions are subject to the same dilemma. Each member of such a coalition is safest if he or she can effectively and publicly pre-commit to coordinated, vigorous, and ruthless suppression of alpha bullying. Such a coalition is irresistible. The effective, credible threat of such a coalition makes each member of the alliance better off, for it guarantees safety against arbitrary encroachment. And yet, if the threat does fail, at the point of action it is likely that it is not then in the interests of each potential member of the coalition to act. For the very failure of the threat suggests that the coalition may well not assemble in coordinated and vigorous serenity, but in a handto-mouth scramble against active interference; a scramble in which each agent joining is genuinely at risk, especially if they join early. Bingham's views notwithstanding, action in enforcement coalitions involves real risks. Enforcement - as distinct from the mere threat of enforcement - will have real risk costs to the enforcer. These costs may well not be defrayed by any individual benefit. Thus even collective threats pose a commitment problem. They are effective only if credible, but if deterrence fails it would not be in the individuals' immediate interests to carry through their threats. And that fact would be known to the target of the threat.


  


  Commitment problems have been extensively discussed in the social science and economics literature, and roughly speaking, there are two main ideas about how human agents solve commitment problems. One solution is to remove the temptation to backslide by publicly altering your current circumstances in ways that change your cost/ benefit pay-off at the point where following through on your commitment would arise. In contexts where your reputation is valuable, putting that reputation on the line by making a public declaration of intent can have this effect. Once that is done, your future actions are constrained by external enforcement. Thomas Schelling, who first formulated the commitment problem in our terms, quotes a rather more dramatic example of external enforcement from Xenophon's account of the Persian expedition in his Analusis:


  as for the argument that ... we are putting a difficult ravine in our rear just when we are going to fight, is this not really something we ought to jump at? I should like the enemy to think it easy going in every direction for him to retreat, but we ought to learn from the very position in which we are placed that there is no safety for its except in victory. (Quoted in Schelling 2001, p. 49)


  Xerxes, too, burnt his bridges behind him. To the limited extent that interactions between nonhuman animals have been considered in the framework of the commitment problem, they sometimes seem to follow the same strategy. Animal threats seem to be most credible - that is, they deter most effectively - if the very form of the threat leaves the agent making it with few options for an easy escape if the threat escalates into an actual fight: for example, threats which involve a close approach to the target (Adams 2001, pp. 107-8).12


  


  In an important body of work, Robert Frank (1988, 2001) has been exploring a second commitment mechanism, one turning on internal enforcement. He argues that emotions serve as guarantees of threats and promises, since (a) they are signaled with high salience to an audience; (b) they are motivationally powerful. A genuine feeling of anger and resentment can motivate very high-risk behavior. Genuine feelings of sympathy and fellow-feeling can motivate considerable sacrifices in support of their targets. Virtually all oral histories of men in battle report that solidarity among one's group is the crucial emotion that keeps soldiers going. It motivates action to a considerable extent independently of the agent's explicit utility calculations. Coalitional enforcement would certainly be made credible by something like this mechanism. Recruiting an effective and credible coalition requires affective engagement, which each member signals to the others. If Frank is right, our emotions serve to underwrite those signals, for they tend to bind us to future courses of action independently of prudential deliberation. A genuine feeling of outrage will bind the members of the coalition to their penal duty. Others - both the target of the coalition and other potential members - will be aware both of the outrage and its likely consequences.


  There are undoubtedly significant problems with Frank's model. For his conception of internal enforcement to work, the emotional drives that bind agents to their threats and promises must generate signals that other agents can read. Moreover, these signals must be hard to fake, otherwise cheats can invade: agents who falsely signal commitments to their own "threats" and "promises." Furthermore, we need an explanation of the evolutionary origin of this system of emotions, actions, and signals. How did agents who felt and showed their commitment emotions fare when they were rare? Frank has a crack at these issues, presenting evidence both that agents are quite good at reading these signals and that they are quite hard to fake." And he makes a few (admittedly very speculative) suggestions about the origin problem too (Frank 2001).


  


  No one could pretend that these problems for his model have been solved. Even so, if it is vindicated, Franks' model has some great advantages in understanding the evolution of enforcement coalitions. First, commitment problems do not presuppose the prior evolution of a highly cooperative milieu. The credibility of threats (and affiliative signals) arises in primate social worlds. Moreover, since emotions are undeniably motivationally powerful, they may well have acted as commitment devices in those worlds. Indeed, Boehm (2000) does seem to think that enforcement coalitions had their evolutionary origins in spontaneous and emotionally charged outbreaks of resentment and retaliation of the kind occasionally seen in chimp life. For nonhuman primates such signals would indeed have been hard to fake, since they have less voluntary control over their facial muscles than humans do. Faking would have required the evolution of significant new motor capacities. So it is reasonable to suppose that early hominids had strongly motivating emotions, the capacity to signal them, and some capacity to read others' signals. Those capacities could have been recruited to further social purposes in environments with strong selection for cooperation. In other words, evolution would not have to build a Frank-like commitment mechanism from scratch in early hominids.


  Second, Frank's mechanism is not too cognitively demanding. In moving prosocial emotions to center stage, it allows a less cognitively demanding view of the preconditions of coalitional enforcement than that pictured by Boehm. That is important. If coalitional enforcement is a million years old, it can hardly require language and the tools language makes possible: explicit planning and consciously articulated and defended norms. Language presupposes the establishment of cooperation. While it has certainly played a central role in the full elaboration of human cooperation, it cannot have been a prerequisite of coalitional enforcement. So it is important that Frank's model does not presuppose explicitly formulated norms, moralistic punishment, or other cooperation amplifiers that kick in only once a highly cooperative social world has evolved. Finally, of course, Frank's model gives Boehm's norms the motivational fire they need.


  


  Once a cooperative milieu is established, it does seem likely (as Bingham suggests) that cooperation will breed further cooperation. For example, if cooperation leads to a division of labor it also automatically lead to social worlds with enhanced information gradients. Chimp societies - since they are fission/fusion societies - have an information gradient; individuals in the group vary in what they know. Such gradients would be intensified by a division of labor. The presence of technical specialization and skills steepens the adult/juvenile gradient. That generational gradient can be further intensified if older and less physically adept individuals are protected and supported. An information gradient is not sufficient to power selection for languagelike communication. Sharing information is just a special case of cooperation, and hence it raises the usual problems of altruism and defection. If I share information about a resource with you, you may use that resource before I do. If I share a new skill with you, I lose the comparative advantage that skill gave me. So free-riding is a danger: an agent who absorbed information from others without ever contributing would gain thereby. But if a group which shares its information is considerably fitter than a group which does not, and if anti-defection mechanisms enforce sharing, then group selection will favor the evolution of enhanced communication; perhaps in time something like language.


  Once something like language begins to evolve, it can be incorporated within the feedback loop as an instrument of both monitoring and control, for gossip serves both functions (Wilson et al. 2000). Language (and presumably its rougher ancestors) is superbly adapted for social monitoring. Moreover, language is obviously a wonderful coordination tool. In other words, the escalation of cooperation in human evolutionary history is intimately connected with the topic of our next chapter: the escalation of human propensities to remake both our environment and that of our immediate descendants. Hominid niche construction is intimately tied to human cooperation.


  7.6 Upshot


  Let's review how far we have come, and the firmness of our conclusion about cooperation and its basis. Though some of the ideas developed in this chapter are no more than plausible conjectures, on other matters we are on firmer ground. I think we can be confident that environmental changes in hominid habitats resulted in a transition from forest/ woodland life to woodland/savannah life. That change, together with its physiological and morphological consequences, selected for increased levels of cooperation. At the very least, they selected for cooperation in anti-predator defenses and very probably for female-female cooperation. More conjecturally, cooperation in hunting and food-sharing may also have become important by the evolution of Hoirwo er'astcr, about 1.7 million years ago. Thus extensive cooperation, including food-sharing, has quite deep roots in hominid history: over half a million years and probably much more. Extensive cooperation and sharing, especially of food and other zero-sum goods, implies the flattening of power distributions within groups. It implies that resource expropriation has become infrequent, and that the social world has become to that extent egalitarian. Enforcement coalitions are the only feasible mechanism through which minimally egalitarian social orders could evolve from hierarchical, bully-dominated social orders. That mechanism is made evolutionarily available by the existence of great apes' preadaptations for coalition formation. Enforcement coalitions imposed costs on their members, and hence effective, credible enforcement posed a commitment problem. Once extensive cooperation began to evolve in hominids, many mechanisms, both social and cognitive, would reinforce that trend.


  


  The picture that emerges is a dynamic, changing social world. The size and complexity of groups, and the extent of cooperation and its basis have changed over time, perhaps quite fast. They might well have changed over space too, especially after the hominid lineage spread beyond East Africa.


  But much remains unclear. Obviously, the historical depth of extensive cooperation remains unknown. So too are the relative importance of the different elements of the early cooperation suite. It remains unclear how closely enforcement was tied to the invention and elaboration of weapons and other technologies. Frank's work on emotions and their role in commitment problems is on contemporary Homo sapierns, so we do not know how such problems were solved by earlier hominids. My own guess is that something like Frank's mechanism played a crucial role, but that does remain a conjecture. We do not know how the cooperation suite, and the evolutionary forces that built it, changed over time. When, for example, did a technological division of labor and trade become important? When did direct, group-group competition become important? Ofek (2001, pp. 182-6), for example, argues that the Pleistocene glaciations, physically stressful though they were, allowed individuals to become economically autonomous by freeing them from the need to forage collectively. For the big cats and the other major predators could not follow humans north into the snows. But, of course, the feline threat might well have been replaced by the still greater threat from other humans. We do not know when such dangers became serious. So this chapter illustrates the guarded optimism (or, perhaps, the qualified pessimism) of chapter 6. In reconstructing hominid evolution we are not completely in the realm of guesswork, but there are important limitations on our knowledge.


  


  I shall explore the cognitive consequences of this developing picture of the evolution of human cooperation further in chapter 8, as I fill in more of the picture of what makes our species so unusual. But there is one important conclusion that can already be drawn. The cooperation explosion cuts against "massively modular" views of the human mind. Those views of the architecture of the mind rely on the idea that human action can be segmented into natural domains of information and action. A module is a more or less autonomous cognitive machine specialized for driving action in a specific domain. Theory of mind and social intelligence; technical intelligence and tool-making; natural history are all candidate domains. In my view, the cooperation explosion casts doubt on the existence of independent domains of this kind. For example, technical skills are acquired via social intelligence. Imitation involves understanding the function of the actions of the model. Identifying an agent's goal when the agent is engaged in (say) a resource extraction task requires both social intelligence (reading the other agent) and foraging intelligence. The social element of learning a technical skill is increased, of course, if skill modeling is accompanied by instructions or other interactions to aid skill transfer: for example, slowing down the motions, repeating elements of the demonstration, and the like. Teaching, most obviously, combines social and psychological expertise with expertise in the taught domain. But the target of teaching also has to understand that an action has been slowed down, exaggerated, or repeated. The student has to read the teacher's purposes too.


  Similarly, the use of resources will have a social component. Most obviously, coordinated hunting involves social skills both in their acquisition and execution. Kaplan and his colleagues have recently revived the idea that hominid cognitive evolution was driven by the demands imposed by the nonhuman environment, as hominids developed a way of life that involved harvesting food resources of high value but which required great skill to collect (Kaplan et al. 2000). But their own argument shows that the opposition between foraging and social intelligence is false. For foraging is iiitensiz'c'Ii social. To harvest a resource, agents have to simultaneously "read" their ecological environment and their social environment, and combine that information in choosing the right action. To know what you need to do requires identifying the intentions of others. If extant forager life is any guide to the past, the construction and use of fire, tools, shelters, hearths, or food preparation often involves coordination and specialization. If the division of labor is a deep feature of hominid history; if complex coordination is a deep feature of hominid history; if the interactive, socially mediated learning of technical and natural-history competences is a deep feature of hominid history, then technical and naturalhistory domains are not informationally independent of the social domain, and vice versa.


  


  So technical, social, and natural-history intelligence are not informationally independent of one another at a single time. Nor are they over time. We cannot think of natural-history skills and social intelligence as two elements of a mosaic than can evolve independently of one another. Changes in social intelligence (for example) change the natural-history problems an agent has to solve both directly and indirectly. Such changes do so directly when (for example) the division of labor allows a plant food to be detoxified, turning a local species for the first time into a potential resource. Such changes do so indirectly by changing the local biological environment. Coordinated human action often profoundly changes the local ecology and hence the natural-history problems those depending on that ecology must solve. We evolved in profoundly unstable environments; and much of this instability was self-inflicted. There is more on this in the next chapter.
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  THE SELF-MADE

  SPECIES


  8. 1 Ecological Engineers


  In assessing evolutionary theories of human nature, we are right to be wary of theories that invoke discontinuities between humans and the rest of nature. Such theories have often been born out of special pleading; out of mindsets which are reluctant to see us as part of nature. Nevertheless, this reaction can go too far. We are indeed part of nature, and are the products of mechanisms that made other species too. Nonetheless, we are very unusual primates indeed. This too must be acknowledged and explained.


  I shall argue that human singularity is explained by the confluence of three factors in human evolution. One of those, cooperation, was the focus of the last chapter. There I argued that group selection has played an especially important role in human evolution. It explains extensive human cooperation. But it also interacts with two other features of hominid evolution: niche construction and phenotypic plasticity (or variability). The intersection of group selection, niche construction, and plasticity turns us from social animals into cultural animals. The focus of this chapter is human niche construction, which is our propensity to remake our physical, social, and epistemic environment. Groups of humans engineer their habitats. Moreover, they transmit that altered environment to the next generation. That next generation thus inherits a modified habitat, and often modifies it further. This process of successive modification is so important and so pervasive that John OdlingSmee, Kevin Laland, and their colleagues think of it as an ecological inheritance system operating in parallel with genetic inheritance.


  In the rest of this chapter the argument goes as follows. I begin by briefly describing various forms of niche construction, outlining the consequences of niche construction for our conception of evolution by natural selection. In sections 8.2 and 8.3, 1 focus specifically on downstream niche construction and on the conditions which must be satisfied if that process is to be an evolutionarily significant inheritance mechanism. In particular, I focus on the conditions which allow niche construction to be cuniulatiz'c. I argue that those conditions are satisfied in hominid evolution. In sections 8.4 and 8.5, the focus becomes still more specific. One form of niche construction is episternic engineering: agents modify the informational character of their environment and sometimes the environment of their descendants. So section 8.4 takes up the way we (especially) modify our epistemic environment, and section 8.5 takes up downstream epistemic engineering, in particular, the conditions which have enabled cumulative downstream epistemic engineering to be such a dominant feature of hominid evolution. So let us look at the varieties of niche construction.


  


  Organisms act on their environment in many ways. Most obviously, they physically modify their habitat. Many animals make burrows, nests, shelters, and other structures. These structures modify the impact of the environment on their builders. Moreover, organisms do not just engineer the physical world. Many organisms live on, in, or with other organisms, and they engineer them for themselves and their descendants. Parasites and parasitoids often engineer the behavior or morphology of their host, often very gruesomely, for their own purposes. Less gruesomely, the same is true of mutualisms. Leaf-cutter ants are equipped with adaptive specializations for the care and transmission of their fungal symbiont. There are many other examples of obligate associations of this kind (Sterelny forthcoming). Direct habitat modification is a pervasive feature of life.


  Social organization too is an important form of niche construction, for social life can filter or modify the effect of the environment. Indeed, as we saw in chapter 7, the division of a population into groups can change the selective landscape by making a new form of selection, group selection, effective. The meerkats (small, omnivorous, African mammals) are a good example of role of cooperative social life in niche construction. Adult meerkats forage individually after large insects or small vertebrates. But they do so under the protection of sentries who search and warn of predators (and other meerkat bands), and of burrows that they share and maintain communally. They collectively defend their territory against other meerkats and they collectively mob some predators. Young are cared for by nonbreeding baby-sitters. As the young move toward independence each is individually guarded and taught what to eat, and in the case of some dangerous prey like scorpions, how to catch what they eat. In short, the meerkats' system of resource protection, creching, and predator defense gives them access to territory and resources that lone animals with similar morphology, sensory equipment, and motor skills could not exploit (Avital and Jablonka 2000, pp. 243-5).


  


  Social living is sometimes a form of epistemic engineering, for one of the forms of ecological engineering is the modification by agents of their epistemic environment. So one function of social life, as the meerkats show, is to share in the benefit of others' vigilance. To the extent that social life results in a convoy effect, reducing the frequency with which predators sight their potential prey, it also engineers the epistemic environment of their enemies (Hamilton 1971). Lone individuals also engineer the environment. An animal that marks its territorial boundaries with scent unloads information into the world, for the animal no longer has to remember the location of those boundaries. A memory problem is now solved by sensory mechanisms that the animal has available on-line and which work automatically. More routinely, animals move through their environment to improve their episternic situation. Thus, potential prey quite often accept the risks involved in inspecting predators. They probe their environment at some risk to get the information they need. Epistemic actions are a common feature of animal life; they are as unremarkable as craning your neck or changing position for a better view. The informational character of environments is often the result of an interaction between agents and their habitat.


  Ecological engineering sometimes affects only the engineer. Many plants and animals disperse their progeny beyond the range of their causal influence. But engineering often has downstream consequences. Beaver lodges, rabbit warrens, the tunnel systems of naked mole rats, ant and termite nests provide shelter against the extremes of climate and protection against predators for their makers. But they often also shelter the offspring of those that make and maintain these structures. In such cases, ecological engineers do not just buffer the effects of the environment on their own bodies. They often buffer those effects on their immediate offspring. Their niche construction has downstream consequences, hence the idea that niche construction can be an ecological inheritance system.


  Once we appreciate the significance of ecological engineering, our conception of natural selection and evolution is transformed. Natural selection is often conceived as a process by which lineages are shaped to fit the environments in which they live, as a key-cutter shapes a key to a lock. Organisms respond to environmental challenges by adapting to new conditions, becoming more fire-proof or drought resistant. This picture is sometimes appropriate. Many Australian plant species have adapted to their parched environment by reducing the size of their leaves, and adding hard coatings to their surfaces. Both these changes to leaf morphology reduce water loss. But often it is not. Lineages can respond to environmental challenges in two other ways. They can respond spatially by tracking their preferred conditions. And they can respond as ecological engineers, by modifying their own environments to buffer or transform the ways they are affected by their physical, biological and social environments. Termites, for example, create their own stable microclimate within their mounds, thus insulating themselves from changes in temperature and humidity. Some lineages partially construct their own niches. They are environmental engineers.'


  


  8.2 Cumulative Niche Construction: The Cognitive Condition


  Hominids are ecological engineers with a vengeance, and hominid ecological engineering does have downstream consequences. Humans typically live with their parents and benefit from their ecological engineering, so hominids partially construct not just their own niche but also that of the next generation. Moreover, hominid downstream niche construction is often cumulative. The offspring of one generation further modifies the niche they inherit and pass it on in modified form to their own descendants. Sometimes these accumulated changes are merely local, and have no effects on the population as a whole. A group of rabbits in a warren constructs their tunnel system cumulatively over a number of different rabbit generations. The tunnel system becomes more extensive and acquires more escape holes, but these changes will not ramify beyond this tunnel system. The rabbits have modified their burrows multi-generationally, but not modified the way they make burrows multi-generationally. The latter is a change which might have less local consequences.


  


  Downstream hominid niche construction, unlike rabbit burrow construction, does have effects on the population as a whole. The domestication of plants and animals - a process of incalculable significance in human history (Diamond 1998) - was a cumulative process of this kind. Before domestication, foragers cumulatively modified the biological profile of their habitat. For example, as hominid weapons and cooperation improved, dangerous predators became rare and wary. Indeed, some became terminally rare. Furthermore, many species that survived human impact did so by changing behaviorally: the huge herds of buffalo in North America were a response to human hunting pressure (Flannery 2001). Others adjust their life-history patterns, with earlier reproduction and a smaller body size (Flannery 1994, 2001). In short, niche construction is an important aspect of the relations between organisms and their environment. Downstream niche construction is likewise common. But crnnulative downstream niche construction is a hominid specialty.


  To see this, notice the contrast between us and our chimp relatives. As I noted in chapter 6.4, though chimpanzee material culture is quite varied, it is also quite rudimentary, with little evidence of a cycle of discovery and improvement. Such cycles depend on reliable and highfidelity transmission between generations. This cycle of discovery, spread, improvement, spread - Tomasello's Ratchet - is a distinctive feature of hominid evolution. It has both cognitive and social preconditions. The social precondition is cooperation. The cognitive precondition is high-fidelity social learning, and that probably requires imitation. If an innovative australopithecine discovers a more efficient way of flaking stone tools, unless others discover it independently, without the reliable transmission of skill from one generation to the next, the technique is likely to disappear at the death of its discoverer. In contrast to genes, ideas and skills cannot be recessive,2 lying wholly dormant in one generation to be re-expressed in the next. Imitation plays little role in chimps' social learning, and they lack language. So chimps' social learning is not adapted to a communal database and a communal skill base that can be transmitted accurately and ratcheted up over the generations. But for the last 200,000 years (perhaps more), the hominid environment has been the result of a ratchet effect in operation: a cycle in which an innovation is made, becomes standard for the group, and then becomes a basis for further innovation. So material culture and its skill base is built by cumulative improvements. The niche construction of one generation becomes a basis for further niche construction.


  


  Although cumulative niche construction is distinctively hominid it is not uniquely hominid. There seem to be some intriguing examples in bird life of cumulative cultural change. One concerns the differentiation in bower building styles amongst two populations of Vogeltop bowerbirds in New Guinea.' Birds living on the Kumawa ranges build quite different bowers to those built by the same species on the Wandamen ranges. Kumawa males build their bowers on broad flat areas on high parts of mountain ridges so their bowers are well lit by the morning sun. Their bowers are constructed of a tower of sticks around a maypole; that tower in turn is surrounded by a broad mat (up to two meters in diameter) woven from dead moss fibres. The mat is "painted" black with the builders own excrement, and decorated with piles of brown and grey leaves, acorns and the like. Wandamen bowers are much lower; and around the stick is constructed a large (2 meter) circular hut. The hut's grounds are covered by green, live, moss and the whole is decorated with bright colours. Nothing is painted. Clearly, these differences are too great to be the result of a single divergence between the populations: cumulative change of some kind has occurred. Since these are birds of the same species, a reasonable conjecture is that the divergence is cultural, not genetic (Avital and Jablonka 2000, pp. 283-4). Gavin Hunt interprets the pattern of tool manufacture and use among New Caledonian crows as an instance of cumulative change too (Hunt and Gray 2002, forthcoming).


  But even if cumulative niche construction occurs outside the hominid lineage, it is a very distinctive feature of ours. These nonhuman cases are exceptional, I suggest, because cumulative niche construction is linked to imitation learning. That might explain why the two examples above are drawn from bird life, for there is persuasive evidence of imitation in some bird species (Heyes 2001), including New Caledonian crows (Russell Gray, personal communication). Imitation learning plays a special role in our social life. We pervasively learn by imitation, and that is important because imitation is a high-fidelity learning mechanism that transmits improvements in technique (see section 8.5).


  


  Whatever the explanation, niche construction is of extraordinary importance. Though niche construction can buffer physical fluctuation (fire and shelter can buffer increasing cold) cumulative niche construction can also (1ccc'nturah' inSh7li fity. Technology and its use is part of our adaptive environment, and, most obviously, cumulative niche construction accelerates the rate at which this aspect of our environment changes. But cumulative niche construction has indirectly destablizing effects too. For example, changes in population density, or in the frequency with which groups pull up stakes and shift on, have marked impacts on the diseases to which those groups are exposed. Thus niche construction accelerates the pace of change, as new technologies, resources, and social organizations become the norm, and as it facilitates ecological and geographic expansion.


  B. 3 Cumulative Niche Construction: The Social Condition


  Laland and his colleagues think of niche construction as an inheritance mechanism, and niche construction does indeed have systematic and sustained causal influences across the generations. But the notion of inheritance is often understood more narrowly than that. In most lineages there is an important contrast between ecological inheritance and genetic inheritance. Genetic inheritance is part of an evolved, adapted system, the biological function of which is to generate similarities between parents and offspring. As such, it is a relationship between specific individuals across generations in an evolving population. The biological success of Mrs Vasilyev, mother of 69,' is relevant only if the features that made her so fecund reappear in her offspring. In general, downstream niche construction does not involve links between specific individuals in evolving populations. It is diffuse. In contrast with the inheritance of genes and micro-organisms, it is not strictly vertical. Groups of trees engineer a fire-prone understory that promotes the germination of their seed. Individual trees do not make micro-environments for themselves and their descendants. Worms collectively help make the soil in which they, their descendants, and a myriad other organisms live. Groups of animals make warrens, trackways, beaver lodges, termite mounds, and similar structures ultimately taken over by the next generation. Thus the next generation of beavers just gradually comes to occupy, use, and renovate the pond, dam, and lodge as the previous generation dies out. The stream is a resource modified by many organisms, for themselves and their descendants. Beavers are major ecological engineers, and their engineering certainly has downstream effects, but these effects do not constitute an inheritance system in the same sense that gene flow is an inheritance system (Sterelny 2000b, 2001, forthcoming).


  


  This line of argument, though, assumes that inheritance is a relationship between individual organisms. If the biological individual is the group, and the population is a population of groups, lodges, termite mounds, and the like arc transmitted from one generation to the next. The conditions that allow group selection to be important are quite onerous. But we have already seen that in our lineage group selection has been very important, and it has turned some elements of niche construction into a genuine inheritance system. As we have seen, one important aspect of niche construction is epistemic engineering. Agents act to change the informational character of their environment. Downstream informational engineering - changing the informational character of the next generation's environment - becomes an important form of ecological inheritance in the right conditions. One of those conditions was discussed in the last section: accurate transmission mechanisms to ensure high-fidelity information flow between generations. The other is cooperation within the group. Unless the group is a unit of selection, so that to some extent evolutionary conflicts within the group are suppressed, innovators have no interest in passing on successful innovations except to their immediate descendants. But a Ratchet that operated only by direct descent would be slow and uncertain. The Ratchet is powerful when an improvement can spread through a whole group and hence is widely available as a foundation for further improvement, so it depends on horizontal and oblique flows of information. Yet knowledge is fitness. If selection is acting only on individual animals, unless you reciprocate I have no interest in letting you learn my improved flint-knapping techniques. It is true that information is unlike meat. After passing on to you my stoneworking technique I still have it. I will not have sacrificed my absolute fitness. But I have very likely changed our relative fitness, and not to my advantage. And selection is sensitive to relative fitness. So unless I get some individual return, selection at the level of individual agents will not favor generosity with information.


  


  Information exchange is a particularly difficult form of reciprocation to police. In contrast to food and calories, there are no natural units to measure it. The usefulness of information is very contextspecific, and it is hard to predict in advance. Often it will be hard to know whether another is free-riding. His gossip is useless chickenfeed, but did he know that all along? This policing problem makes it less likely that free information exchange evolved by reciprocated trade. For the benefits of one-to-one trading erode easily if it is hard to know whether you have been defrauded. So cumulative downstream niche construction depends on highly cooperative life within groups. In turn, that depends on group selection being of especial importance in hominid evolution. Oblique and diffuse transmission between individual organisms is converted into a form of vertical transmission, if the oblique influence is confined within groups; and those groups are units of selection.


  E3.4 Hominid Epistemic Engineering


  The informational character of its habitat is an important aspect of a lineage's niche. Agents act to modify their informational world just as they act to modify their physical world. Animals modify their habitat to simplify their cognitive tasks. Predator inspection is just one especially dramatic example. We do the same. The most obvious way humans transform their environments is through using tools, and, of course, we use tools to modify our physical environment. We use them to make shelters, secure and process food, ward off dangers, and make other tools. But Dan Dennett has argued that tools modify our cognitive environment too. Tools make us smarter. The invention of a fire hearth enabled hominids to directly alter their environment in ways which were previously impossible. But that invention also made those hominids more intelligent, because it permanently and in an open-ended way increased the range of problems they could solve. Tools have epistemic consequences, not just physical ones.


  Some tools have direct epistemic functions. We modify our environments systematically to ease cognitive workloads. Dennett argues that labeling turns memory tasks into perceptual tasks, and thus turns hard discriminations into easy ones. Labelling makes aspects of the world transparent by establishing a one-to-one correspondence between sensory properties and functional ones. Some of our labels are linguistic and hence are very recent inventions: street signs, border markings, "poison" and "danger" signs. But others may well be much older: signal fires, trail marking, and the like. Even more simply, Dennett invites us to imagine searching through a large pile of objects, and moving the objects that you have examined into a separate pile. You do not then have to remember which objects you have examined (Dennett 1993, 1996). Even before systematic public representation systems had been invented, humans and to some extent other creatures engineered their environment to make recurring problems easier to solve.


  


  David Kirsh has written with insight on the epistemic engineering of contemporary human environments, and some of what he has to say would apply to problem-solving environments of the Paleolithic. We face at least three cognitive resource bottlenecks. First, we have limited working memory. Then, there are limits on attention and its intentional direction. If agents are shown a set of coins on a computer screen and asked to count them, their speed and accuracy improve significantly if they are allowed to point to, or rest their finger on, the image of a coin on the screen. Just "mentally pointing" is more errorprone - it is much easier to lose your place (Kirsh 1995a). Numeric representations of our environment are more difficult for us to use than spatial representations of the same data. Given these limits on specific cognitive resources, any way of coding problem solutions that exploits our spatial perception and pattern recognition abilities improves performance by reducing error rates or increasing speed. Kirsh (1995b, 1996a) argues that skilled agents have developed many such skills. Agents faced with repeated problems of the same general type organize and maintain their work-space to make such tasks as easy as possible. Frequently used objects are kept close at hand, and work sites are chosen and prepared in ways that ease tasks. They are chosen or changed so that they offer good light, and good working surfaces with stable support and little clutter, especially of fragile objects. Over the medium term, work-spaces are engineered in ways that make repeated tasks faster and less error-prone. Furthermore, agents often manipulate their environment to turn memory problems into perceptual problems. Cooks will often line up the ingredients of a complex meal in their order of use, thus coding aspects of the temporal organization of a recipe. Some of these demands and opportunities reflect aspects of contemporary environments, but not all do.


  


  Our ability to solve problems is further enhanced by the invention of language and other public symbol systems. We can use external symbols together with our perceptual pattern recognition processes to guide our behavior intelligently and adaptively. The invention of symbols enhances our abilities to think. Some of our public representations are depictive: mime, physical models, drawing maps and the like in the sand. These tools may well have long preceded language, for they recruit the amazingly powerful pattern recognition systems of vision. Symbol-soaked creatures that we are, it is still true that most people prefer information presented visually - maps, graphs, pie-charts, and the like - to that same information presented as words and numbers.


  Symbols, including linguistic symbols, make similarities between particular objects - the extension of that symbol - salient. In doing so, they draw the attention of our audience to these similarities; this is particularly important for children. Sometimes those saliencies are obvious consequences of our perceptual equipment. I doubt that color vocabulary draws attention to similarities that would not otherwise be noticed. But much of our functional, natural kind and artefact vocabulary (at least) does not group objects by obvious perceptual similarities. Not many children would notice the difference between the greater and the lesser sand plover unless this difference were signaled to them, and their differing linguistic labels form one such signal.' Language also plays a role in making the cognitive states of other agents more salient. The contrast between my view of the world and that of another is available prelinguistically. My companion's behavior can make it obvious that he thinks the snake from which I fled is not venomous. But language makes our differences in view far more obvious. We express and argue about our different views. Language rubs our noses in the fact that our fellows do not always agree with what we think. Without language, differences in belief would become overt less frequently and more ambiguously.


  Let's pull these threads together. Hominids modify their environment for direct material purposes. They make shelters and clothes. They make tools and weapons. But they also modify both their physical and social environments in ways that markedly change, and often ease, their information-processing tasks. They divide the complex task of making a living and staying alive between them, so each agent has to carry only part of the informational burden of the group. They alter the environment to make tasks easier, taking the load off memory by marking a trail and by storing reusable items in the same place. Initially difficult skills become more routine, for one form of Tomasello's Ratchet is task simplification. Hominids make aspects of the physical or social world more salient by marking them physically, linguistically, or behaviorally. Collectively then, hominid groups buffer the increasing cognitive demands placed on them by their own technologies, their extractive foraging, and their social relationships. Such buffering allows the further expansion of information-hungry techniques by reducing the burden of such techniques on individual agents.


  


  8. s Downstream Epistemic Engineering


  Downstream epistemic engineering is quite widely found among animals. But it is typically a by-product of their ordinary life activities rather than the result of explicit teaching (Caro and Hauser 1992), though female cats of various species provide opportunities for their young to learn to hunt by providing them with particularly easy prey. But there are many ways animals can engineer the epistemic environment of their young without depending on explicit teaching. What an animal does, where it goes, and what it eats will all provide information, especially if young animals are predisposed to pay close attention to the behavior of their parents. And, of course, many mammals monitor quite closely the exploratory activities of their young, making trial and error learning much safer that it would otherwise be. For animals hy-product e1Igineering (as the environment of the young is structured by the ordinary activities of the adult) and protected trial and error learning are the main mechanisms of downstream epistemic engineering, though, as we shall see, imprinting is also an important mechanism.


  There has been an enormous elaboration of these mechanisms in our lineage, as humans engineer the cognitive environment of their offspring (Laland 2001). Social learning in the hominid lineage has seen the evolution of extensive vertical (and oblique) transmission and the coevolution of models and learners. Teaching has become a very powerful engine of cross-generation influence. Trial and error learning has been transformed. Instead of merely monitoring juvenile activities to ensure that their activities are not too dangerous, adults actively intervene in the process. They make certain aspects of the task salient. They ease the task by providing especially simple exemplars or by partially solving it. They give repeated opportunities to practice.


  


  Teaching and imitation learning, too, have coevolved. Models slow down and/or exaggerate their actions. They pause through complex sequences to indicate how the task is segmented into elements, making the structure of the behavioral program more evident. They repeat difficult elements. They encourage the mimics to orient themselves so they see the crucial steps as clearly as possible. They may even hold the juvenile's hands and physically shape an action. Skill transmission and model/mimic learning have coevolved, making the transmission of skill central to hominid learning. That makes the cumulative amplification of skill much more likely. Thus hominid evolutionary history has become characterized by behavioral changes which support the reliable and high-fidelity flow of information between the generations. These changes certainly include language, but more as well. And some of these other changes probably antedated language. So hominid evolution has seen a profound shift in social learning, a shift from a social world in which social learning is mostly horizontal, and of information with a short shelf-life (the nature and location of food, predators, and the like) to a social world with very marked vertical and oblique social learning supported by an array of specific adaptations (Brockway forthcoming).


  Avital and Jablonka have argued that this picture overstates the importance of imitation in establishing cumulative cultural traditions, and hence overstates the extent to which it is distinctively hominid. In particular, they point out that imprinting is a mechanism by which a behavioral tradition can become established, with occasional variations, in a population. Moreover, imprinting is important: it includes imprinting on sites (for philopatric birds and fish); imprinting on preferred foods via faeces, milk, direct behavioral input, and through the placenta; and imprinting on features of the parent as an aspect of mate choice. Imprinting, in other words, supports crucial aspects of an animal's life skills. These examples are well taken, and certainly show that it is easy to overlook the extent of vertical transmission in nonhuman lineages.


  They further argue that fidelity is not intrinsically determined by the particular psychological mechanism which is used to transmit or receive information. Vertical transmission will have persistent and nonlocal effects on a population only if the transmission between generations is stable. But they think that the invention of a new behavioral tradition can transform animal lifeways, and those transformations in turn lock the new tradition in place. New behaviors can cause a behavioral cascade. These in turn cause social and ecological feedback loops which stabilize the elements of the new cascade. They come to form a integrated behavioral complex. In this regard, they cite the spread of potato-washing by Japanese macaques. This has become part of a larger complex of behaviors which make the sea, and seawater a much more important part of their foraging ecology (so much so that, at a pinch, they will even eat fish). In turn, this means that each individual macaque has many opportunities to see, learn, and use food-washing. Hence the habit has been scaffolded by the new way of life of the animals.


  


  This idea is very important, and I shall exploit it myself in the following chapters. Learning is more reliable if it is scaffolded. Feedback loops scaffold learning and help lock in behaviors which were once innovations as these lead to new lifeways based around that innovation. These new lifeways make that innovation much easier to acquire in descendant populations than it was originally. Moreover, Avital and Jablonka (2000, p. 94) are right to argue that the fidelity and reliability of information flow is independent of the mechanism of transmission. No mechanism is guaranteed to be high-fidelity, but with suitable scaffolding, many mechanisms can be both high-fidelity and reliable.


  However, there is an important connection between the nature of the mechanism and the content of the information it transmits. Imitation learning (especially, as we have seen above, when scaffolded by teaching) is especially well-suited to transmitting information about technique. And technique, in turn, itself leads to cumulative improvement. The means by which a problem is solved will be the most frequent site of successful innovation, since, for every new resource (or danger) that can be discovered, there will be an array of potential improvements in the techniques for exploiting that resource. Thus imitation does contrast with imprinting. Imprinting does not typically transmit solutions to environmental problems which can be incrementally improved. A nest site is either used or not used. Imprinting, by-product engineering, and the like are certainly mechanisms through which information about a new resource discovered in one generation can be transmitted to the next: a new food, a new nest site. But those channels are not well-adapted to transmitting specific techniques, and hence incremental improvements in technique, from one generation to the next. Yet technique and its incremental development has been central to hominid lifeways and hominid evolution. For hominids have long specialized in high-quality food whose exploitation requires complex techniques.


  


  I am inclined to agree with Tomasello that imitation plays played a critical role in making possible the Ratchet Effect. Obviously, once rich linguistic skills became part of the human phenotype, language became an enormously powerful tool for the transmission of information within and across generations. But language is a product of the Ratchet Effect, not just its enhancer. Language - and hence the effect of language on mind and behavior - is a collective product. The vocabulary of any language is coined, refined, and transmitted by many of its speakers. That is most obviously true in languages in which the division of linguistic labor is important. But even if in a small-scale society every speaker ends up with full individual command over each item of the language, no one invents their own vocabulary. Language is a collective product, and one which is transmitted to new members of the group with high fidelity. It thus meets the conditions for an evolutionary ratchet effect. Useful terminology is transmitted accurately enough for it to be used as a basis for further improvement.


  The distinction between niche construction and cumulative downstream niche construction leads Tomasello to distinguish quite sharply between two time-scales in social life. Chimps have a varied material culture, but relatively few skills are part of a chimp's behavioral repertoire orihv because others in that agent's community already have them. And few, perhaps none, of these skills shows signs of being built by cumulative improvement. So the great apes have social but not cultural lives, and there are only two time-scales in their cognitive histories: that of phylogeny and ontogeny. In understanding human cognition, there is a third time-scale: that of the history of a culture, as a cognitive capacity is assembled over time (of course, on the basis of phylogenetic adaptations). As it is assembled, it interacts with and transforms individual ontogeny.


  However, in thinking about downstream epistemic engineering, it is useful to distinguish three types of group life. There are species where groups differ systematically from one another, and in ways we cannot explain by appealing to patterns of individual learning in response to environmental differences. The fact that (say) adult chimps fish for termites is one generation is part of the explanation of why the next generation comes to exploit that resource. Chimps and some cetacean species appear to have culture in this sense (Whiten et al. 1999; Rendell and Whitehead 2001). Avital and Jablonka focus our attention on species that are cultural in a richer sense: group differences are "locked in," as different elements of a suite of new behaviors become mutually reinforcing and hence stable. Once that happens, the culture of the group becomes a selective force in its own right, as it is likely to persist. They suggest that potato-washing is such a case, and that such cases are not uncommon. I think Tomasello underrates the difference between these two cases. Even so, it is important to underscore the difference between these stabilized traditions, and groups where life patterns are transmitted with high enough fidelity for a Ratchet effect to work. It is this latter case that is so important for hominid evolution, for it acts both to accelerate the pace of environmental change and to accentuate the differences between groups at a single time.


  


  The two mechanisms underscored by Avital and Jablonka, and by Tomasello, are important in considering nativist hypotheses. In chess, music, and mathematics some children and more adults acquire skills that are so sophisticated, yet so automatized and domain-specific, that were they universal, and were their histories unknown, they would provoke a modular hypothesis. The chess-playing Polgar family and their like should make us cautious about embracing nativism on the basis of rapid and sophisticated acquisition of narrow-focused cognitive skills. Some of the marks of modularity can be mimicked by the interaction of rich, specific, environmental inputs - of environmental scaffolding - with cognitive resources not adapted for that domain. Avital and Jablonka sketch reasons for thinking that such scaffolding can be a stable feature of a lineage's environment. Tomasello sketches a mechanism through which rich and specific mechanisms can be built. A modular, nativist hypothesis about language may still be in good shape. But I shall argue in chapters 10 and 11 that a niche construction hypothesis is a very appealing explanation of many distinctively human cognitive skills.


  Two legs of my tripod are now in place. Humans are an extraordinarily cooperative group-selected species. Hominid cooperation intersects with existing great ape propensities for habitat modification to produce lineages that are adapted to and for progressive modification of their own environments. These modifications variously buffer, transform, and enhance the action of selection. Selective environments became increasingly variable at one time, and change faster over time. One consequence of such regimes is phenotypic plasticity, and that is the third leg of my tripod.
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  HETEROGENEOUS ENVIRONMENTS AND VARIABLE RESPONSE


  9. 1 Phenotypic Plasticity


  Cosmides and Tooby have suggested that human minds are designed for the "Environment of Evolutionary Adaptedness" (Tooby and Cosmides 1990).' In turn, they identify this as a statistical average of Pleistocene hunting and gathering environments.'` On the contrary, I will argue in this chapter that hominid minds are not adapted to a Pleistocene average. Rather, they are adapted to the variability of hominid environments: to the spread of variation, rather than to its peak. Our evolutionary response to variation is phenotypic plasticity. Humans develop different phenotypes in different environments. I begin, first, by describing the type of phenotypic plasticity with which I am concerned, and I shall then argue that this plasticity is an adaptation. I conclude by pulling together the threads of the last three chapters.


  Almost all organisms show some degree of adaptive flexibility. They can fine-tune their behavior to their particular circumstances. But some organisms are developmentally flexible, not just behaviorally flexible. If a single set of developmental resources builds one architecture in one environment, and a different architecture in another, the organism is developmentally plastic. Many species of reptile are developmentally plastic with respect to their sex. A tuatara egg can develop into either a male or a female, depending on the temperature of the nest. But once committed to a developmental trajectory, they cannot switch from one sex to the other. They are not behaviorally flexible with respect to their sex, in contrast to a few species of fish, which can switch from male to female and back.'


  


  The human mind is clearly an organ of hehaz'ioral plasticity par excellence. If our minds all had exactly the same architecture, that architecture, in conjunction with different databases, different preference orders, and different perceptual states could generate an astronomic array of different actions. But our minds are developmentally plastic too, having features the development of which is environmentally contingent but stable once developed. In particular, I would like to emphasize three dimensions of this plasticity: (a) automated skills; (b) affect and our mechanisms of evaluation; (c) neural plasticity. Automatized skills are slowly built, but once built they are enduring and automatic. I will be able to play chess till the day I die. Skills are not the only enduring features of mind that develop as a result of specific features of the environment. Affect is another. Aversions and other disgust responses are stable once acquired. I still have an aversion to brandy and dry ginger ale that I acquired over 30 years ago. Phobias too are stable. Food preferences are often highly variable, strongly felt, and deeply entrenched. On some views of gay ontogeny, that sexual preference is another instance: it is environmentally contingent but stable once developed. Indeed, the same may be true of heterosexual preferences, for within a single sex there is considerable variation. For example, women vary very considerably in the weight they assign to physical features in their overall attractiveness ratings (Gangestad and Simpson 2000; Fletcher and Stenswick forthcoming; Simpson and Orifia forthcoming). Likewise, there seems to be significant male variation in attractiveness judgments, which seems to be in part a response to local cultural and environmental factors (Gray et al. forthcoming). Though there is debate about some examples and their significance, affect and skill are more or less uncontroversial examples of adaptive developmental plasticity. No one argues (for example) that the skills of a good birder, a good cricketer, or a good mechanic are already present in the mind, ready to be "switched on" by an environmental trigger. There is more on skill and affect in the next section. The significance of neural plasticity is a little more controversial, so I shall discuss it more fully here.


  


  Everyone accepts that human brains are developmentally plastic in the sense that a modicum of normal input is required for human neural circuitry to develop and function properly. It is somewhat more controversial to suggest that differences in input generate differences in neural circuitry; differences, that is, that are both cognitively significant and functional. It is one thing to show that the development of even such basic capacities as face recognition may depend on appropriate inputs (Heyes forthcoming). It is another to show that a different set of inputs would produce different recognitional skills; that (say) a child bought up by wolves would become as attuned to the differences between wolves as we are to the differences between people. Clearly, the extent to which our neural systems are plastic in this sense is an open empirical question. Richard Samuels (1998, 2000), for example, seems inclined to bet against it. He points out that many of the experiments designed to show fetal cortical plasticity depend on invasive surgical procedures. They are certainly not in themselves examples of neural tissues responding to atypical environmental inputs, and developing unusual but adaptive capacities. However, while the issue is not settled, there does seem to be quite persuasive evidence of just such adaptive plasticity. Terry Deacon, Gerald Edelman, Patricia Churchland, Terrence Sejnovski, and others have described the way neural development involves the selective attrition of unreinforced neural connections, and the proliferation of those that are reinforced. People born deaf, who have learned to communicate with sign language, develop better peripheral vision than normal; resources that would normally be devoted to processing auditory inputs are recruited for vision (Avital and Jablonka 2000, p. 69). It is quite likely that neural development also depends on more constructive processes, as the fine structure of neural networks may well vary in response to specific environmental inputs (Quartz and Sejnowski 1997; Quartz 2003).


  Terry Deacon has argued that language itself is a particularly striking example of developmental interaction building new capacities. The architecture of the human brain is not genetically determined. It is determined jointly by the agent's genetic inheritance together with environmental feedback which causes some potential neural networks to develop rich sets of connections among themselves and with other networks, and others to decay. Among the most important of these feedback loops is the experience of learning language: of speaking to others, and especially, of speaking to yourself, both out loud (as young children do all the time) and in auditory imagination. Indeed, Dennett suggests that to the extent that we do have a "language of thought" it is largely a consequence of internal rehearsal of our public language. Edelman (1987) and Deacon (1997) have developed quite a detailed case for the idea that neurological development is flexible in the way this feedback hypothesis posits. None of this is proof that neural plasticity is cognitively significant. But in different ways and at different scales, Deacon (1997) and Quartz and Sejnowski (1997) document very extensive neural plasticity. If it is true that plasticity exists over a range of scales and structures (neural nets, dendrites, axons), it is unlikely that all these neural variations are cognitively epiphenomenal.


  


  I do not want to bury the reader in the details of developmental neuroscience, for I do not think we need examples from controversial studies to show profound individual variations in response to environmental differences. Many key examples seem to me to be wholly uncontroversial. We do not vary only in trivial ways. Learning Arabic numerals and positional notation has surely made a qualitative difference to our capacity for quantitative reasoning. A statistician or a poker player who has mastered and internalized the principles of probability theory can think about chance in ways that are just not available to those who lack that training, and that is true even if they sometimes lapse back into error-prone heuristic reasoning. The point I am making about the existence and extent of widespread and deep variation in cognitive capacity depends fundamentally only on such examples as these. But I am insisting on this point for a reason. Computational theories of mind standardly distinguish between the architecture of the mind - the algorithms loaded into our neural substrate - and data structures: the representations our cognitive mechanisms form and transform. No one has ever supposed we all have the same information about our world. But those strongly influenced by Noam Chomsky's example have been inclined to think of the algorithms as relatively invariant across our species and, within a given agent, insensitive to that agent's experiences. I have rehearsed the considerations that show developmental plasticity because they seem to me to show that deep features of cognition are sensitive to the environment in which an agent develops and lives. Either architectures are not fixed or, as connectionist models and their descendants are said to show, the distination between architecture and data structure is not sound (Clapin forthcoming). Either way, taken in conjunction with the earlier argument on cumulative niche construction, these facts radically undermine the so-called "psychological unity of mankind." On one view, the project of evolutionary psychology is to discover and explain the single (or perhaps two, one for each sex) architecture that characterizes the human mind. On the picture advertised here, that is not even a reasonable first approximation. Our Pleistocene forebears did not have contemporary minds in a Pleistocene world; and we do not have essentially Pleistocene minds in our contemporary world.


  


  Variability is a normal feature of populations. But where traits are adaptively plastic (and in the next section I shall argue that much hominid plasticity is adaptive) and where a species is split into populations spread over space and time, and through socially, physically, and biologically heterogeneous environments, we should expect extensive variation. And that is what we find.


  9.2 Is Plasticity an Adaptation?


  In section 9.1, 1 argued that minds have contingent stable features: features that develop only in certain circumstances but that persist once they have developed. The same initial set of developmental resources can differentiate into quite different final cognitive products. The human mind is not just an organ of behavioral plasticity par excellence; it is an organ of developmental plasticity par excellence. No one thinks that the living world is characterized by a simple relationship between replicators and phenotypes. But as with niche construction, so too with phenotypic plasticity: a general feature of organic evolution is especially important in hominid evolution.


  Moreover, there is every reason to think that developmental plasticity is an adaptation; plasticity is not a mere by-product of hominid cognitive evolution. For one thing, some important elements of developmental plasticity are adaptive: they enhance current fitness by equipping agents for the specific features of their environment. Affect is adaptively plastic: aversion learning, for example, is a very important mechanism by which our tastes respond adaptively and permanently to our experiences. The hard-won skills of natural history and bushcraft that enable a forager to move silently, see much that is invisible to others, and find his or her way, are plainly critical to survival. Those skills will be very different in an Australian Aboriginal in the Pilbara; an Ache hunter-gatherer in a Central American rainforest; or an Inuit sealhunter. They are developmentally contingent, but once developed they are very stable. It is surely uncontroversial that know-how - pattern recognition and other cognitive skills - are sometimes both enduring features of an agent's cognitive architecture and central to their life.


  


  Equally, the developmental mechanisms described by Deacon and others are adaptive: if the developing agent is subject to many experiences of a particular kind, then richer neural networks to process those inputs develop. Indeed, Quartz and Sejnovski have developed an even more ambitious case for the adaptive importance of neural plasticity: the response of the developing brain to environmental stimulation. They argue that (a) fundamental aspects of neural organization develop in a way sensitive to the environment; (b) thus different environments result in differences in neural organization, even given the same starting point; (c) these differences are pervasive and exist at a variety of scales, so are salient to the information-processing character of the brain. In their terminology, the learning capacities of the human mind are "non-stationary." The way we learn changes as we learn.


  Moreover, they float the idea that this is of great importance, for it may offer a way out of the paradox of learning. There are two ways that an agent who needs to learn, say, how to recognize predators can go wrong. If the agent makes no assumptions at all about what can be dangerous, the "search space" may be too large. There are too many candidate hypotheses to evaluate and reject ("Are pine cones predators?"). Learning to recognize predators on the basis of a tightly constrained search space is dangerous, especially if the environment should change. The solution might then fall outside the agent's search space. Imagine the fate of large herbivores operating with the rule: "Test only animals larger than me for dangerousness" after the arrival of humans. Indeed, we have to i,nagine these cases only because the animals themselves are no longer with us because of that rule. Quartz and Sejnovski suggest that networks that grow in size as they learn have a chance of avoiding both problems. A large network suffers the needle-in-the-haystack problem; a small network might not contain the needle at all. A network that can grow as it learns might be able to find the needle (Quartz and Sejnowski 1997, pp. 551-4). If that is right - and this is a huge if - neural plasticity might be essential for any agent to learn effectively in somewhat unpredictable environments. Even if this conjecture is not right, developmental plasticity enables agents to recover from damage, buffers them from developmental noise, and allows them to devote neural resources to highly salient input channels, even when the salience of channels changes over a few generations. In sum, the adaptive effects of human developmental plasticity strongly suggest that plasticity is not a mere accident, a side-effect (say) of information limits on human genomes.


  


  There are features of human life history that strongly suggest that those histories are adapted to enhance and support this process of skill acquisition. Childhood is a more or less uniquely human lifehistory stage (Bogin and Smith 1996). Once chimps are weaned, though they continue to travel with and learn from their mother, they are selffeeding. Even in forager societies, that is not true of human children. They need high-quality food which they cannot supply for themselves. Moreover, it is unlikely that the childhood and adolescence phase of human life history is a passive effect of longer lifespans and larger body sizes, though it may have begun that way. Despite high-quality food, our childhood growth rates are slow by comparison even to other primates, who themselves grow slowly by mammalian standards. But growth rates in late childhood and adolescence slow down still further (Kaplan et al. 2000). So human life history parameters seem to have changed to extend the period of adolescent dependence. These facts about life history are reflected in the evolution of the human brain: it is not just relatively larger than that of our ancestors and relatives; its maturation is delayed.'


  These features of life history suggest that our ontogeny has evolved to make space for a prolonged period of skill acquisition. And skill acquisition is prolonged. One consideration in favor of Chomsky's nativism about language is the rapidity with which language is acquired. The basic framework is in place by the age of 5 or 6. In this respect, language is spectacularly at variance with most of the life skills humans need (see also chapter 10.2). For example, Kaplan and his colleagues (2000) point out that in forager societies, food acquisition and use usually depends on skill as well as strength, and that these skills are not in place until the late teens or later. The same is true of technical skills. Social skills are harder to measure than those of foraging and hunting, but it is certainly folk wisdom that human social skills are not at their apogee in late adolescence and early adulthood, let alone at 5 or 10. On this issue, the difference between the theory-theory and other conceptions of our interpretative skills becomes salient. Defenders of the theory-theory tend to assume that in acquiring the ability to interpret others, the critical achievement is the acquisition of the fundamental intentional concepts, the concepts needed to formulate intentional psychology. Since children pass false belief tests at quite a young age (between 4 and 5; see chapter 11.1) these concepts are in play early. But it would be wrong to assume that because children master the concept of belief early, they master folk interpretation skills early. If (as I strongly suspect) our interpretative practices depend in significant ways on empirical generalizations, on pattern recognition, and/or on our ability to simulate others, then the acquisition of the concept of belief is only one element of a large package that jointly explains our interpretative capacities. And even if we were to accept the theory-theory picture of interpretation, the theory has to be applied. There is no reason to suppose that the application of the theory in many normal situations would be trivial, and would be mastered rapidly. Social competence might require a functioning theory of mind module. But that is certainly not all it requires.


  


  This pattern of human life history ought to be very surprising to those who think that most salient human cognitive capacities are based on innate endowments. They ought to expect that human cognitive evolution is dominated by Baldwin Effects. That is, they ought to expect that the learning time of many distinctive human competences shrinks, as we move from ancestor to descendant, as the competence comes to depend less and less on learning and more and more on genetic resources. For one selective force supposed to drive the evolution of innate support for cognitive capacities is avoiding the costs of learning, including the costs of delay. We may well see that pattern in language. It may well be the case that our ancestors spoke both a cruder version of language and acquired it more slowly. Modern humans acquire language much faster and more uniformly as a result of genetic adaptations for language-learning, adaptations that reduce the effects of environmental variation in linguistic experience and the role of environmental support on the ontogeny of language. But even if this is true of language, it is not true across the board. If humans had minds that were largely composed of innately programmed modules, we would expect not just increasing cognitive uniformity in human populations, we would expect human life histories to change in ways that shrink the period of learning and dependence. Cognitive ontogenies ought to be accelerated by comparison to our less innately endowed ancestors. Yet our information about human life history strongly suggests that an important change in the hominid lineage as we move closer to the present is the evolution of extended learning, not the constriction of learning.


  


  Overall, then, human life-history considerations strongly suggest that the plasticity which supports skill acquisition is an adaptation. There are paleobiological considerations which point in the same direction. Richard Potts has argued quite persuasively that hominid evolution was driven by selection for plasticity. The physical environment of hominid evolution has been remarkably unstable. We evolved in interesting times, and Potts interprets human evolution as a response to this environmental variability. We are not adapted to a specific feature of (one of) our ancestral habitats. We are adapted to the fact that our habitat was subject to change. Potts assembles an impressive case for increasing climatic variability during hominid evolution. There are paleobiological signals both of the variability itself and its biological impact." We need to be cautious about scenarios about hominid evolution. Nonetheless Potts makes a good case for the idea that hominid experience of their physical environment become increasingly variable in time as well as in space. Just as human social orders have been variable and dynamic, changing profoundly over time via niche construction and imitation, so too there was nothing remotely like a single set of physical and ecological conditions in which human evolution was played out.


  In sum: there is good reason to believe that cognitive and neural developmental plasticity is adaptive; that human life-history considerations indicate that we have evolved to extend our developmental period; that there is paleobiological evidence that hominids experienced increasing climatic and ecological instability. We do not just happen to be part of a highly plastic lineage; our developmental plasticity is an adaptation.


  


  9.3 Reprise


  It is time to synthesize the disparate threads of the last three chapters. A theory of human cognitive evolution needs to integrate the biological and social-scientific perspectives on human nature. Niche construction and its partial transformation into bona fide inheritance is the key to this integration. Some of the apparatus of hominid social life has become part of inherited hominid developmental resources. Hominids do not just inherit genes: they inherit epistemic resources that scaffold the development of life skills that are characteristic of their parents and of their immediate group, and which quite often distinguish them phenotypically from other hominids. Thus niche construction is a mechanism that supports developmental flexibility: a child becomes a skilled hunter rather than a fisherman because he inherits this set of developmental resources. Human genes have become adapted to sharing the job of directing development with an array of other resources.' Moreover, since these new developmental resources are made and incorporated into inheritance systems more quickly than new genetic resources, one effect is a potential acceleration of hominid evolution. Expanded inheritance can then act as a means both for the evolutionary fragmentation of hominid lineages and as a means by which evolutionary change is accelerated.


  Early in hominid evolution, it's very likely that biological inheritance was much as it now is in chimps. To a reasonable approximation, a chimp inherits only genes from its parents. Though social learning is important in chimp life, and there is some meme-like flow of information from mothers to children, that flow is diffuse and short-lived. There is no evidence of deep behavioral traditions in chimp life, nor of cumulative downstream niche construction. There is no sign that group selection is allowing cooperation to take off. There are certainly some limited forms of cooperation: males cooperate to defend territory against other groups of chimps, to hunt, and to form coalitions against other males. Females too form coalitions. But there is little evidence of effective suppression of free-riding and defection. In contrast, over time in hominid evolution:


  


  I Group selection became very important, and underwrote the evolution of a cooperation explosion, the effects of which include language, the division of labor, and resource sharing.


  2 Cooperation itself accentuates niche construction: it becomes more powerful; more downstream, and more like genetic inheritance.


  3 As this transformation proceeds, elements of culture become elements of biology, as they become part of a developmental matrix which is transmitted from one generation to the next.


  4 Once information transmission became reliable and precise, downstream niche construction became cumulative, and Tomasello's Ratchet began to work. That Ratchet required both cognitive and social preconditions, but once these were met, the Ratchet began to turn. Different human groups became more markedly differentiated, for their phenotypes come to reflect not just their current environmental differences but also the differences in their lineages' learning history.


  5 The geographic expansion of the hominid range, the cumulative transformation of hominid lifeways, and the intensification of climatic variability select for flexible response.


  Hominid environments became more variable at a single time, and changed faster over time, for some of these changes were self-induced. These changes select for both behavioral and developmental plasticity. Developmental plasticity has greater opportunity costs. In most species of fish, once a male has committed himself to a change of sex there is no return, so the cost of error is high. And developmental plasticity would be maladaptive as a response to fine-grained spatial or temporal heterogeneity. But developmental plasticity seems to buy more, as it involves quite profound reorganizations of the organism in response to specific characteristics of the environment.


  This general picture of hominid evolution has important consequences for cognitive evolution. Human environments are highly variable, as a result both of extrinsic and self-induced factors. That, together adaptive developmental plasticity scaffolded by downstream engineering by one generation of the next generation's epistemic environment, suggests that many striking human competences may depend on perceptually primed automatic skills rather than modules. Both modules and automated skills are entrenched in individual minds. But skills are more variable at a single time, since they are more sensitive to variations in local culture. And they are plastic over shorter intervals than genetically driven modules. If human environments are variable in important ways over short periods of time and space, then ontogenetic tuning would be adaptive. Over the next two chapters 1 shall argue that while human cognitive competences have no unitary explanation, cumulative niche construction and developmental plasticity play a large role in the development and evolution of important, distinctively human, cognitive capacities.


  


  The distinctive features of Homo sa/)iens culture - the development of technology; of symbols and symbol use; of regional and cultural variations in material culture; the expansion of resource use; the penetration of new niches; geographic spread, and replacement - all seemed to begin in Africa. But they had different times and places of origin; they originated gradually, and they were relatively uncoordinated (McBrearty and Brooks 2000). In my view, they are not likely to be the result of a single key cognitive innovation, or even a small set of specific cognitive adaptations. These genuinely novel features of hominid lifeways can be explained by the mechanisms already introduced: cumulative niche construction, for they came into existence over extended periods of time; extended inheritance; downstream epistemic engineering. The result is a series of major transformations of the environments in which hominid brains develop. Human brains are developmentally plastic, so transforming hominid developmental environments transformed hominid brains themselves. As hominids remade their own world, they indirectly remade themselves.
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  THE MASSIVE

  MODULARITY

  HYPOTHESIS


  1 o. 1 Massive Modularity


  In this chapter I focus on a leading hypothesis within evolutionary psychology: the idea that the distinctive cognitive capacities of the human mind derive from the fact that our minds are ensembles of special-purpose computational mechanisms. We come pre-equipped with cognitive modules adapted to solve specific, salient problems posed by our physical, biological, and social environment. Our minds are massively modular.


  I shall begin my discussion with language. For the last 40 years or so, language and theories of language have cast a long shadow over theorizing about the mind. Theoretical approaches developed first about language have been co-opted for many other aspects of human cognition. Chomsky's work, and that of his colleagues, has, perhaps rightly, resulted in modular theories of language being widely accepted, and this powerful example partially explains the general popularity of modular theories of human cognition. Stephen Pinker's work is a particularly vivid example of the extension of models developed for language to other domains. His book The Laruguagc Instinct (1994) is a brilliant defense of a modular theory of language, and his How The Mind Works (1997) is this theory writ large.


  I have no profound disagreement with modular theories of language (though Fiona Cowie [19981 has convinced me that their case is oversold). But in sections 10.2 and 10.3 1 shall argue that language is a poor paradigm of human cognition. The features that make modular theories of language plausible are distinctive. They are not shared by most other domains. Thus, massively modular theories of mind should not be based on the example of language. In sections 10.4 and 10.5, I develop the massively modular picture, showing how Fodor's moderately modular conception of the mind was redeveloped into the massively modular conception currently popular in evolutionary psychology circles. I then discuss three key arguments for expecting the human mind to have a massively modular organization. I shall argue that these arguments are not sound, and that the general theoretical case for massive modularity is deeply flawed. It is flawed because it overlooks those aspects of human cognition and cognitive evolution discussed in chapters 7, 8, and 9: the balance of cooperation and competition, downstream epistemic engineering, and selection for developmental plasticity. We have massively self-engineered minds, not massively modular minds.


  


  1 0. z Language: Paradigm or Outlier?


  Language is an especially significant case in thinking about modularity and the evolution of the hominid mind, for Chomsky's picture of language has been used as a template for thinking about human cognition in general. Chomsky thought of our language capacities as depending on a "language organ" and this picture has been generalized to the view that human intelligence depends on an ensemble of special-purpose cognitive devices rather than particularly powerful general-purpose learning capacities.


  Most famously, Chomsky argued that we do not learn language via a general-purpose learning mechanism. Indeed, we do not learn language at all. Experience of language is necessary for language to be acquired. But this experience only serves to "initialize" the system that is wired into our brain. Experience tells us whether sentences in our language have the basic order of main verb, followed by the sentence's subject, followed by the sentence's object (VSO) or whether, as in English, the order is subject, then verb, then object (SVO). But it does not tell us whether our language permits recursively embedded clauses, or whether it contains tense and aspect markers. For much of the information crucial to our linguistic competence is innate. Moreover, language is functionally autonomous: aphasia shows that humans can lose their linguistic capacities without losing their other cognitive capacities. Perhaps Williams' syndrome children show that it is possible to lose many of these other capacities without losing the key elements of language. It is encapsidated: that is, your general set of beliefs about the world play no role in your ability to construct grammatical sentences of your own language, or recover the grammatical structure of the sentences you hear. Every speaker represents the organizational features of the language they speak, but those representations are screened off from our ordinary beliefs about the world. That is why linguistic theories cannot be discovered by introspection.


  


  There is indeed a good case for a modular conception of our use of language, for there is no doubt that language is cognitively demanding. For one thing, it is a complex multi-tasking ability. In speaking, an individual must track what lie or she is saying; what others have said; signs in the audience of a failure to understand, loss of interest, dissent, and other clues that the conversation is going wrong; nonlinguistic features of the situation - especially if the point of talking is to facilitate coordinated action of some kind. Language is integrated into other aspects of social life, and hence talking requires that we divide our attention between different tasks, and between different aspects of our current circumstances. These aspects of language are demanding, but they do not pose problems especially apt for modular solution. They are problems of cognitive coordination and the division of attention, rather than problems posed by the distinctive information-processing requirements of a specific domain. But two important aspects of the interpretation of speech are plausible tasks for such a module: identifying the organizational structure of utterances, and identifying the communicative intentions of speakers.


  Suppose Two Aardvarks hears Old Bear say:


  Hairy Max gave Spotted Hyena the spear.


  To understand the utterance of Old Bear, Two Aardvarks must identify the organizational features of the utterance: its segmentation into words and phrases, and the overall organization of those constituents. Sentences must be identified and parsed. Two Aardvarks has to identify the subject, the indirect and the direct object. He has to decode tense and aspect. All this might well be the province of an encapsulated mechanism. A computational mechanism using restricted but especially relevant information could accurately and efficiently recognize the syntactic organization of a sentence. Two Aardvarks must also identify the "speaker meaning," or communicative intention, of the utterance. Old Bear intends that Two Aardvarks comes to believe that Hairy Max gave Spotted Hyena the spear, but he also intends Two Aardvarks to recognize that intention. If Two Aardvarks comes to have that belief about Hairy Max, it will be partly because he recognizes that Old Bear wants him to have that belief, and Old Bear knows this too. An utterance is meaningful because it is a signal made with communicative intent. Understanding an utterance involves recognizing these intentions. This too, I suggest, might well be a task Two Aardvarks can normally manage on a restricted and predictable database. For the regularities of language usually allow such intentions to be identified. In Two Aardvarks' speech community, if you want someone to come to have a belief about Hairy Max there is a regular practice of saying "Hairy Max," and everyone in the community knows of this practice.


  


  Identifying structure and communicative intent is not all it takes to understand what is going on in a conversation. Two Aardvarks has to understand what Old Bear is trying to do in saying what he said. Speaking is an action, and in acting agents are usually trying to further their plans, both linguistic and nonlinguistic. Whether or not he wants to cooperate with Old Bear, Two Aardvarks will want to recognize those plans. But clues to the plans of other agents are enormously variable across time, place, agent, context. No special data base can be designed in advance that would be adequate to the task of identifying them. The regularities of language let you know that when Old Bear says "Spotted Hyena" he usually wants you to believe something (or do something) about Spotted Hyena. But no such regularities enable you to infer that he want you to go off on a useless elephant hunt so that his influence at the next intertribal flint-knapping competition will thereby be maximized.


  Thus an encapsulated mechanism exploiting a restricted, specialpurpose database could solve with reasonable reliability the parsing problem and the problem of identifying a speaker's communicative intentions. But this depends on two special facts. First, there is no conflict of interest between speaker and listener with respect to these two identification tasks. Whatever the long-term aims of speaker and audience, it is in the interests of the speaker to have his utterance parsed properly, and to have his communicative intention identified. Likewise, it is in the interests of an audience to identify utterance structure and communicative intention (there will be more on this shortly). In identifying structure and communicative intention there is no arms race between deceptive signaling and vigilant unmasking - unmasking which might require all the informational resources of the audience. Where there is no temptation to deceive, coevolutionary interactions will tend to make the environment more transparent and the detection task less informationally demanding. The same is not true of Old Bear's overall plans. His desire to persuade Two Aardvarks to go on a wild elephant chase might well be subverted by Two Aardvarks' recognition of that further intention.


  


  Second, the organizational aspects of language are not tightly tied to other aspects of cognition. There has been a spectacular flowering in our causal and technical reasoning about our physical environment in the last 100,000 years. Such a flowering must have led to a considerable coinage of new vocabulary. But there seems no reason why it would force a fundamental reworking of the organizational features of language. Those features are content-neutral. In virtue of this neutrality, cognitive change in our lineage can be cordoned off from the organizational features of language. So those organizational features form a relatively stable target. That is important, for natural selection can build innate knowledge only of stable aspects of a domain.


  1 0. 3 Communicative Intentions


  The idea that understanding an utterance involves recognizing the speaker's communicative intention (the "speaker meaning") dates back to Grice (1957) and his distinction between natural and nomnatural meaning. He defended his distinction on intuitive grounds. Think of the contrast between using a photograph or using a mime to get your idea across. A photo is a natural si 'ii of the event it depicts, and someone seeing a photo can extract that information without any view of why the photo was taken or how they came to see it. But if I perform a mime to explain where, say, a key is hidden, you can extract the information you need only via a recognition of my intention to convey that information. If you have no idea why I am pantomiming putting something under a rock, you will have no chance of picking up the information I am trying to transmit. The information carried by sketches and mimes can only be extracted via an intermediate stage of recognizing the agent's communicative intention. In performing the mime, I want you to recognize my intention that I am trying to show you something. Only if you do so will you recognize what I am trying to show you.


  Give or take a detail or two, I think this line of thought is right. But I want to place it in an evolutionary context, and I shall do so via a discussion of Ruth Millikan's skepticism about these intentions. She does not doubt that we sometimes interpret others by identifying communicative intentions, especially when participants in an exchange share no language. But she thinks that as a general picture of language, the Grician mechanism is psychologically implausible. Our system of linguistic interpretation does not have the biofunction of recognizing Grician communicative intentions. Rather, its function is to generate the same belief in the audience as that which caused the agent's utterance, and it works through its reliance on the meaning conventions of the language. For Millikan, interpretation is much more like perception than it is like inference. The system of conventions form the channel conditions for "natural telepathy": for the flow of belief from one mind to another. When word tokens fulfill their proper function, a thought in the speaker's mind appears in the mind of the audience (Millikan 1984, 1998).


  


  In an important paper, Origgi and Sperber (2000) point to a crucial problem with Millikan's conception of the proper function of linguistic devices: she presupposes an overly cooperative picture of human interaction. They argue that a language decoder could not have the function of inducing in the audience the belief coded in the utterance (if it is an indicative) or of inducing in the audience an action plan (if the utterance is an imperative). Signal-response systems working by contagion cannot evolve in populations with conflicts of evolutionary interest. Millikan has forgotten about deception. (For a somewhat similar point, see also Cosmides and Tooby 2000.)


  This is too quick a rebuttal of Millikan. Deception and trickery are part of human linguistic interaction, but perhaps they are background noise. If they were predominant features of human interaction, (Millikan might argue) listeners would stop listening. One sign of cooperative communication is investment by the audience in machinery to detect and decode signals. Such machinery, in turn, allows signals to be energetically inexpensive. Thus in a landmark paper on the evolution of signaling, Krebs and Dawkins (1984) pointed out that cooperative communication will seem like "conspiratorial whispering." Humans do invest in listening, Millikan can rightly point out, and they do so because it pays. Hence we can assume that the evolution of language was predominantly cooperative. That is why the proper function of our decoder is to establish a concordance between what the speaker says and what her audience believes, even though speakers do not always tell the truth, and even though we do not always believe them.


  It is true that devices do not always fulfill their proper function. But it is not true that the proper function of linguistic interpretation is to establish concordance between speaker and audience. I can understand a speaker perfectly well without believing what they say or obeying their instructions. In such cases, there has been no malfunction. An audience has an adaptive interest in a speaker's communicative intentions as such, whether or not they use them as information sources about the world, and whether or not they intend to make their own behavior conform to the wishes of the speaker. Understanding an agent's communicative intention is an aid to predicting the behavior of that agent, for their communicative intentions are often also signals of their behavioral intentions. Moreover, agents often want other agents to predict their actions: coordination depends on mutual prediction. So, to the extent that agents want their actions to be predictable, they too have reason to express communicative intentions that are independent of their desire to induce their audience to conform to their own beliefs.'


  


  There is a second reason why Millikan's natural telepathy metaphor is inapt. It underplays the two-way flow of language use. To see this, think of imperatives. It is unlikely that most imperatives result in the action they specify. Many requests are denied outright. But many others are parts of a process of negotiation that eventually does result in coordinated behavior, but not behavior that matches the content of the suggestions made in the negotiation process. Negotiated coordination of this kind is very likely part of the proper function of language. But if that is true, it cannot be the proper function of interpretative devices to induce action plans that conform to what is said. Something similar takes place in the indicative mood, when participants in a conversation discuss how the world is, rather than what to do. Sometimes there will be a marked information gradient in a group, and information will simply flow from one to the others. But quite often, each will have (or will take themselves to have) a piece of the puzzle, and something like a consensus will be assembled gradually. If this is part of the functionality of speaking and listening, then again, it cannot be the function of linguistic interpretation to copy beliefs from the speaker's mind into the audience's mind. There is much more feedback and mutual adjustment as part of the proper function of language than that.


  In communities with conflicts of interest and coadjusted communication channels, the proper function of a signal cannot be to secure acceptance or obedience. There is a complex mix of cooperation and conflict in human life. In the evolution of language, that problem has been solved by language decoding functioning as a two-stage process, where one of those stages involves no temptation to defect. This, perhaps, is one of the most striking aspects of language's adaptive design. Because that first stage (identifying both grammatical organization and communicative intention) requires no counter-deception measures, it is a candidate for an encapsulated solution. The theory of syntax is the heart of modular theories of language. But the problem it solves, that of analyzing the syntactic structure of an incoming utterance, is very unusual. It operates in a social domain in which there is no danger of defection. It is in the interest of speakers to make the detection of syntactic structure and communicative intention as easy as possible, and it is in the audience's interest to recognize that structure and those intentions. Thus the proximate function of speech is to signal a communicative intention. It is in the interests of the audience to recognize that intention, whether or not it is also in the audience's interest to accept what is said. For identifying those intentions gathers important information in itself.


  


  Hence, in thinking of the proper function of speaking and listening, it is important not to conflate understaiuling with acceptance. Language has the characteristics of conspiratorial whispering because it is in all parties' interest to make communicative intentions transparent. It is (typically) in all parties' interest to secure mutual understanding. There are plenty of mechanisms of speaker persuasion and audience sales resistance, but these concern acceptance rather than uptake. On this view, the distinction betwen pragmatics and semantics corresponds to the evolutionary boundary between conflict and conformity of interest. It is no surprise then that it also corresponds to the boundary between problems which cannot be solved reliably by an encapsulated mechanism, and those that can.


  Overall then, I think considerations about the evolutionary history of language add credibility to the idea that a language module plays an important role in interpretation. But these considerations cannot be generalized to other cognitive competences. They depend on the segmentation of the problem of interpretation, so that one component involves no threat of deception. They depend on the independence of the organizational features of language from its content. And they may also depend on the fact that a "poverty of the stimulus" argument has special plausibility for the case of language learning (see section 10.7). In short, as life-history considerations suggested (see section 9.2), language is an outlier, not a paradigm.


  


  1 0. 4 Fodor's Modules and their Limits


  In 1983, in The Modularity of Mind, J. A. Fodor generalized Chomskian ideas about the distinctive features of language to a range of other capacities, arguing that language and our perceptual systems - "input systems" as he called them - shared an array of important properties. He argued that input systems - modules - were encapsulated, innately structured, domain-specific, epistemically bound, and functionally autonomous computational mechanisms. The result was a new and influential view of human cognitive architecture.


  Encapsulation: By 1983, it was common ground among cognitive psychologists that perception was not data-driven. My capacity to recognize "tigers" and tigers is no here registration of information in the sensory input. For that input underdetermines the perceptual representation of the scene that an agent constructs. Perception must be guided by information already available to the agent. It is a species of intelligent problem-solving (see, for example, Rock 1983). We hear speech as segmented into phonemes, words, phrases, sentences. But the acoustic signal itself is a continuous sound stream. Moreover, some sounds that we hear as the same - the same phoneme in different positions in a word or uttered by different speakers - are physically different. Given the great difference between the properties of the acoustic signal itself and the properties of a phonological interpretation of that signal, it is surely likely that our ability to map signal onto speech depends on information held by the agent. Likewise, the two-dimensional image on the retina depends on the objective array of objects in the agent's field of view. But it also depends on the agent's location and motion with respect to that array, and on the conditions of illumination. So the image underdetermines the array. Yet vision delivers perceptual judgments and deliver them fast. The inference from image to array must be scaffolded by other information available to the agent.'


  


  Fodor endorsed this cognitivist consensus, but argued that the information agents use in perception is limited in important ways. In particular, an agent does not guide perception by his or her beliefs about the world. As Fodor points out, the persistence of illusion shows that perception is not guided by our belief system. The moon illusion does not go away when you remind yourself that the moon cannot really have got larger just because it is close to the horizon. Even when we know that a movie consists of a series of still pictures, we still experience the illusion of motion. So modules are encapsulated. With the exception of a few horizontal connections between perceptual systems (which explains why the world does not seem to move when you shake your head) they are on their own.


  Domain spe'ciJiciti/: Modules are designed to solve a specific class of problems on the basis of information that is of special relevance to those problems. Visual perception and speech perception, for example, correspond to well-defined domains in the agent's environment. Thus the information used by language and by the perceptual systems are specific to their domain. That information is specialized for particular perceptual or cognitive tasks. Modules work because, within particular domains, there are ecological constants that are stable across evolutionarily significant periods of history, and the module operates on the assumption that they hold. The existence of these constants both allows the stimulus detected by the sensory transducers to be mapped onto a unique perceptual interpretation, and explains why there is a good chance that this interpretation will be veridical. Marr devoted a good deal of Vision (1980) to exploring these invariants for visual perception.


  To build a module, the information that is sufficient to solve the underdetermination problem must be stable over evolutionary time. In the case of vision and language, it is no accident that these conditions are met. These are not hostile domains. All of the inanimate world, and much of the biological world, are indifferent to whether we see it or not. Cliffs do not try to hide. There is no arms face between our visual mechanisms and most of the physical world. So some ecological problems do define domains that explain the evolution and function of a module. If a problem that an agent must solve is relatively discrete and autonomous, and if the information needed to solve that problem is both distinctive and stable over evolutionary time, then behavior can be adaptively guided on the basis of a restricted and evolutionarily predictable package of information. The navigation systems of migratory birds provide uncontroversial examples of mechanisms that reply on such information.


  


  1nnatencss: Our perceptual mechanisms rely on domain-specific mechanisms that actively shape our perceptual representations of the world. The information on which such mechanisms rely must be innate, since that information is a prerequisite for learning from experience, not a consequence of it. Such modules are innately structured. The same is true of more "cognitive" modules, for they enable agents to acquire competence in their proprietary domains (language, natural history, folk psychology, and the like) despite informationally impoverished experiences in those domains.


  Epistemic bounds: It follows that modules have epistemic limits. They have certain assumptions about the nature of the world built into them. That is their strength, for those assumptions constrain their search space. But it is their potential weakness, if the correct solution lies outside their hard-wired search space. Thus many species on the Galapagos islands were unable to learn to recognize the danger humans presented to them. Their modular systems of predator detection left them unable to recognize a new threat. If the predation threats an animal faces are not stable, either because the species is found in many different communities or because of fluctuations in its environment, the animal cannot afford a hard-wired, evolutionary decision about the symptoms of the threat of predation. Such animals must be able to learn about what is a threat to them, without strongly entrenched developmental biases about what is dangerous and what is safe.' Otherwise they will be killed like seals on the ice.


  


  Functional autononn/: Input systems are to a considerable degree functionally autonomous. They are automatic: no one has to decide to interpret their retinal stimulation as a three-dimensional world. They can be dissociated. In aphasia, an agent can lose linguistic competences without losing other cognitive capacities. They are largely opaque to the central processor. We are aware of the outputs of linguistic analysis and perceptual systems, but we are not aware of the intermediate stages through which those outputs are generated. The information we need to add to the image is not accessible to introspection. We turn a visual image into a representation of objects and their spatial relations. We turn an acoustic image into a parsed utterance. But these processes are inscrutable to introspection. This in itself is some reason to think that the informational scaffolding does not consist in the agent's beliefs, for, by and large, beliefs are consciously accessible.


  Fodor argued that some cognitive tasks are carried out by modules. But lie rejected the idea that all human cognition is modular. This is a consequence of his deep attachment to the truth of intentional psychology as a description of human decision-making and action. For belief formation and intentional action have none of the distinctive features of input systems. Indeed, input systems are partially defined by their contrast with belief formation and intentional action.


  However, it is also a consequence of his recognition that some decision problems are not suitable for a modular solution. Some problems are informm1ltionrmllti bounded, whereas others are inforniationally open. This distinction seemed to correlate reasonably well with the distinction between perceptual and cognitive tasks. To see this, consider the contrast between a man wondering whether his wife is being systematically unfaithful to him and the same agent faced with a perceptual problem, say, that of catching a ball. The problem of fidelity is typical of human existence, but responding to it depends heavily on period and place. Even within one culture, judgments of fidelity and infidelity are very variable. Different members of the same culture will assess the same information very differently. Differences are magnified across cultures, for the signs of, and opportunities for, infidelity vary greatly from culture to culture, and vary depending on the agents' positions in that culture. So too will the appropriate response. Yet though the issue is serious, it is typically not extremely urgent. An agent rarely has to decide within milliseconds whether his partner is unfaithful; nor what his response should be. An agent can even think about thinking about his wife's infidelity (" I know I get suspicious too easily. . ."). Such thoughts are reasonably open to introspective access and assessment. Thus, those who know they are over-jealous can and sometimes do compensate for this. None of this is true of a perceptual problem like judging the flight of a ball. Most clues to that problem are relatively invariant. These include stereopsis, apparent motion with respect to background, apparent size, and the rate of change of apparent size. Furthermore, response to those cues is relatively invariant. The moon illusion affects us all. But perceptual problems are urgent. If they are to be solved at all, they must be solved on the spot, without introspective access or self-monitoring.


  


  On the basis of such contrasts, Fodor argued that we have hybrid mental architectures. We have in common a set of specialized cognitive capacities, and these explain our fast, autonomous, and fairly uniform performance on input tasks. And we have a central processor, whose ontogeny and operation is very different from that of a module. Sensory transducers take physical stimuli and made symbols that specify features of that proximal stimulation. Input systems turn those transducer outputs into an interpretation of the distal source of those stimuli. Moreover, they feed that interpretation to the central processor, a cognitive clearing house that integrates these various interpretations with one another and with memory, and thus accepts, revises, or rejects them in formulating belief. Though Fodor had no account of the operation of the central processor, his architecture has considerable plausibility, for it balances the intelligent automaticity of much human cognition with our flexible and open-ended capacities. Our modules have epistemic limits but we do not. So, for example, despite our pervasive tendency to anthropomorphize nonhuman animals and even machines, we can and sometimes do overrule these cognitive habits. I can remind myself that when my cat comes to the sound of "dinner time," she does not really understand English.


  1 0 . 5 Inward Bound


  In the two decades since the appearance of Fodor's Modularity of Mind, and especially with the 1993 publication of The Adapted Mind, the collection of papers edited by Barkow, Tooby, and Cosmides, the character of the debate about modularity has changed. Four themes have developed. One is to do with cognitive modules: autonomous cognitive devices that would, for example, guide an agent's response to a threat of cuckoldry and other off-line problems. A second concerns the importance of encapsulation in explaining the nature of modules. Cosmides, Tooby, Sperber, and other defenders of "massively modular" conceptions take domain specificity to be the central characteristic of modules. The third theme concerns the intersection of modularity and evolvability. In his 1983 book, Fodor indulged in a few desultory speculations about the evolutionary import of his architectural hypotheses, but these were peripheral to his argument. They have since become focal. Finally, there is increasing skepticism about the role of Fodor's central processor. I shall take these in turn.


  


  Cognitive modules: Recent work has suggested that we have modular reasoning mechanisms for such domains as naive physics, natural history, mate choice, and cheat detection. Perhaps most of all, there is a suggestion that we have a theory of mind module. Despite its theoretical sophistication, a child's grip of folk psychological categories (the argument goes) develops rapidly and uniformly. As our anthropomorphizing tendencies show, it is automatic. As autism shows, it is disassociated from other cognitive skills. This example is probably the best developed, but it is thought to be typical of the distinctive features of human intelligence.


  Domain specificity versus encapsulation: In recent work, especially that inspired by the Cosmides and Tooby version of evolutionary psychology, domain specificity has been the defining criterion of a module. Domains correspond to related sets of adaptive problems environments pose for agents; problems which must be solved if the agent is to survive and reproduce. Foraging, avoiding predation, finding shelter, coordinating with others, choosing mates, and the like all define domains, and modules evolve as a reflection of the specific information-processing problems defined by those domains.


  Modules as adaptive specializations: Fodor indulged himself in a few speculations about the adaptive value of a hybrid architecture. But evolutionary considerations have been far more prominent in this recent work. Modules are not just domain-specific devices. They are adaptive specializations. They function to solve major problems posed in ancestral environments.


  What of the "central processor"? Recently a number of theorists have argued that the human mind is "massively modular." Sperber denies that there is a central processor at all. Others accept that domaingeneral reasoning plays some role in human cognition, but think that role is very limited. For them, most of the distinctive features of the human mind depend on specific adaptive specializations. Generalpurpose capacities play a relatively minor role in explaining the distinctive features of human cognition.


  


  Suppose this picture is right. Human minds are ensembles of innately specified, domain-specific, operationally autonomous, computational devices. We have some general-purpose learning capacities, but the distinctive features of human minds - the features that make us unlike other primates - are specific cognitive adaptations. What picture of human life does this scenario predict? There are two natural expectations: cognitive variation across different problems, and relatively muted variation across human groups.


  Consider variability first. When human agents are faced with problems for which they have specific adaptations, they should show excellent cognitive performance. When faced with problems for which they lack biological preparation, they should show cognitive blind spots.' We should, in other words, somewhat resemble idiot savants: just the pattern Stephen Mithen (1996a, b) thinks he finds in the archaeological record of our immediate ancestors. The sensitivity of performance to problem is connected to an important debate within the human evolution community over the significance of studying adaptive behavior in humans. "Evolutionary anthropologists" do not have a very explicit model of human cognition. But their working assumption is that we have mechanisms that ensure that motivationally salient goals are highly correlated with fitness, and that our capacity to pursue those goals in quite varied environments is not sharply constrained by cognitive limits (Winterhalder and Smith 2000; Downes 2001; Smith and Borgerhoff Mulder 2001; Laland and Brown 2002). In contrast, in view of their commitment to innate modules, defenders of the Massive Modularity Hypothesis are committed to the existence of cognitive limits. Modules that direct behavior up adaptive pathways in the Pleistocene may drive maladaptive behavior in the industrial present. If contemporary agents in our radically transformed environments track our fitness interests in subtle and precise ways, as evolutionary anthropologists suppose, this would be evidence against the existence of cognitive limits.


  


  We would also expect muted variation across cultures in modular domains. Many of the defenders of massive modularity agree that, on first inspection, human intelligence looks variable, flexible, and open-ended in ways that seem to be in tension with this expectation of massive modularity (see especially Sperber 1996). Most of us can handle a bank account, budget, and keep track of our money, despite the evolutionary novelty of this challenge. Such examples can be massaged in two ways. One strategy is to highlight the ways in which massive modularity can accommodate flexibility and variability. Innate modules, after all, can include conditional instructions: if you are the largest male in your group, defect; if the smallest, cooperate. And, as Sperber points out, modules can be sensitive to inputs for which they are not specifically designed. Our resource assessment modules might recognize money as a resource, even though they were not designed to recognize money as a resource. A second strategy is to suggest that at the right level of analysis, there are cross-cultural commonalities, and that these are explained by the endogenous structure of the mind. Pascal Boyer's (2000) work on religion is a thoughtful exemplar of this tradition. He tries to show that religions have a set of common features. Systems of folk biology, likewise, show remarkable similarities across cultures. David Buss (1994) is another to press the idea that at the right level of analysis, cross-cultural commonalities clearly emerge.


  These issues are far from settled. Our anthropological and behavioral data are at best equivocal. But perhaps defenders of massive modularity can settle for this. They can settle for avoiding refutation by the apparent variability of human cultures and our individual capacity to turn our minds to many problems. For they think there are powerful general considerations about the nature of cognition and the nature of evolution that support their hypothesis. To these I now turn, with a skeptical eye.


  1 0. 6 Evolution and Encapsulation


  I begin with a brief discussion of an argument of Sperber's, not because the argument itself has been particularly influential in the development of the debate, but because it exemplifies important considerations from part I: the importance of noisy signals and the asymmetric costs of error. Evolutionary transitions which seem puzzling in informationally clean environments are natural once we consider noise and ambiguity. Evolutionary transitions to and from encapsulation are such a case. In Explainiii'' Culture (1996), Sperber suggests that it is hard to see how something like a central processor - a generalpurpose device - could evolve from an encapsulated special-purpose device. Such an evolutionary trajectory would require crossing a fitness trench. Sperber makes his point through a thought experiment. Orgs need to avoid being trampled by elephants and have evolved elephant detectors. The orgs' elephant avoidance routine is initiated by a trigger that combines inputs from a vibration detector and an acoustic detector. It hence functions as an AND-gate, carrying out a miniinference; that is, it takes as an input two signals, and itself signals "yes, elephant" only if both its inputs say "elephant." It is a module. Could it evolve into a less encapsulated, more central processor-like device? Sperber doubts it:


  


  Suppose, instead, that the conceptual danger analyser is modified in some mutant orgs, not in the direction of performing better at its special task, but in that of less domain specificity. The modified conceptual device processes not just information relevant to the org's immediate chances of escape, but also information about innocuous features of the dangerous situation, and about a variety of innocuous situations exhibiting these further features; the device draws inferences not just of an urgent practical kind, but also of a more theoretical character. When danger is detected, the new, less modular system does not automatically trigger, and when it does, it does so more slowly - automaticity and speed go with modularity - but it has interesting thoughts that are filed in memory for the future - if there is any future. (Sperber 1996, p. 127)


  Not every decision an animal faces is as urgent as that of avoiding immanent obliteration. But even so, "Loosening the domain of a module will bring about, not greater flexibility, but greater slack in the organism's response to the problem" (p. 127). Hence the route to a domaingeneral system, even supposing one could be built at all, takes us down into a fitness valley.


  Sperber's orgy are unusually fortunate. For, as he tells the story, elephant noise and elephant vibration are necessary and sufficient evidence for there being an elephant in motion in the vicinity. But animals do not usually have access to a perfect signal. In most cases, when A is a signal of elephants, there will be As but not elephants (false positives), and elephants without A (false negatives). Hence one possible route of evolutionary change reduces the encapsulation of the orgs' elephant-detector, as orgs becomes sensitive to other signals of elephants' presence and absence. If G is also correlated with elephants (suppose G is the alarm call of meerkats) orgs may recruit G as an extra signal of elephants. But once the organism is sensitive to G, it can co-opt that sensitivity for other purposes. Orgs may shelter in meerkat burrows, or need to avoid other animals that also alarm them, avoiding leopards as well as elephants. The elephant-detector can come to have supplementary functions. Once that is true, the relative importance of those functions can change over time. A device can become more general-purpose by adding functionality.


  


  There is at least one other route to adding functions. The cultural variability of human belief is partially explained by the distinction between the proper and the actual domain of a module. The proper domain of the orgs' device is elephant detection, for it evolved to detect elephants, even if in the fullness of time it comes to help orgs stay out of the way of rhinos, hippos, and trains. Over time, elephants may have become locally extinct so that the orgs' detectors are now never engaged by an approaching elephant. Its actual domain may have come to consist only of trains. Sperber suggests that radical changes in the human environment might have generated a quite dramatic disjunction between the domain for which a device is currently used and the reasoning tasks which explain its evolution. This point is well taken, but it maps a route by which a module can acquire a new function. If the actual domain of the orgs' elephant-detector includes hippos, and sensitivity to hippos is important to the orgs, then the elephant module will gradually come to have a new function. It will become a hippo-detector as well. This will change selection pressures on the detector. The operation of the module may change in ways that make it a more efficient hippo-detector. If the best response to hippos is different from the best response to elephants, the module may come to generate action less automatically. In short, it will become somewhat less module-like and somewhat more like a central processor.


  Once we factor in the reality of noisy signals and the cost of different kinds of error, we can see that cognitive systems can evolve to either greater or lesser degrees of encapsulation. Sperber's tale of the orgs takes place in an environment which is unrealistically transparent. The fate of his orgs will depend on themes explored in part I. Orgs' evolutionary trajectories will depend on possibilities open to that lineage, the extent to which the environment is and stays transparent, and the existence of selection for decoupling a representation from the specific response it drives.


  


  1 0. 7 The Poverty of the Stimulus


  The structure of the argument


  Perhaps the most influential arguments for massive modularity have depended on claims about the nature of learning: in particular, the idea that human cognitive skills depend on such subtle representations of our world that they could not be learned from the information available to children by general-purpose learning systems. This claim is the common element of a family of "poverty of the stimulus" arguments for innate modules. Poverty of the stimulus arguments combine a task analysis with a developmental claim. The task analysis takes mature competence in the focal domain to rest on a theory of that domain, and argues that the task of generating a theory from the perceptual evidence available is an excessively challenging one. The developmental argument seeks to establish that the ontogeny of the competence is relatively independent of exposure to information: variations in informational exposure do not generate variations in development. Crosscultural uniformity in developmental sequence is taken to be good evidence of the existence of an innately specified module, because it is taken to be evidence of insensitivity of development to evidence.


  On this perspective, to develop cognitive competence in language, natural history, the interpretation of others, or some similar domain - an agent must (a) develop from experience a set of concepts that (b) allow the data to be represented. But since those data can be predicted and explained only on the basis of an interlocking set of causal generalizations, i.e. a theory (c) appropriate theoretical concepts need to be formulated. Concept formation then allows (d) candidate generalizations to be devised and tested. At each point, of course, this will require feedback and multiple trials. So the agent will iterate the following cycle until an adequate theory is formulated:


  Perceptual inputs observational concept formation data representation theoretical concept formation theory formation and testing.


  The central claim is then that at one or more points in this cycle, the task is intractable unless agents are pre-equipped with information that radically narrows their search space.


  Arguments with this structure are very sensitive to assumptions about the power of learning strategies, the nature of perceptual input, and the nature of mature competence. Consider first the learning strategies. One version of the poverty of the stimulus argument for innate knowledge of grammar depends just on the fact that children's primary linguistic evidence does not include explicit negative data. Children learning their first language are not told that ill-formed strings of words are not sentences of their native language. As Fiona Cowie (1998) points out, if learning were impossible without explicit negative information, we could learn almost nothing. It would not be possible, for example, to really learn to cook a curry. Most ingredient sequences are not possible curries, so curry paste space is a small region in the space of possible combinations of ingredients. Yet apprentice curry cooks are not told of most non-curries that they are outside currypaste space. Apprentices are rarely explicitly told that a curry paste cannot be made by combining honey, olive oil, egg white, pickled herrings, and chopped garlic. We can learn to cook curries despite lacking this form of guidance and (surely!) without an innate curry module.


  


  Circumscribed views of learning manifestly load the dice in favor of the poverty of the stimulus argument. Unfortunately, we do not have robust theories of what we can or cannot learn by general learning strategies. Imagine being ignorant of life on earth and visiting a zoo. How hard would it be to formulate the concept of tigers from the experience of individual tigers? How hard would it be to formulate the concept of a felid from experiences of leopards, tigers, lions, servals, and the like? We do not have very good answers to these questions because we do not have a good characterization of the mechanisms which enable us go from perception to concept formation. We are left with informal plausibility arguments. How big is the gap between perceptual experience and the representation of that experience as data? How powerful are learning mechanisms that would cross those gaps? However, though we lack explicit general theories of learning and its power, we do have some tools with which to evaluate the gap between experience and data, and the gap between data and theory. Even so, these task analyses typically rest on intuitive conceptions of the search space and its structure. These uncertainties make developmental considerations very important, for they serve as an independent test of the conclusions from learnability.


  From perceptual experience to observational data


  Language is the classic example of the argument from poverty of the stimulus to modularity. That is due to the idea that (in the terminology of Fodor 2001) language is an "eccentric stimulus domain." That is to say, it is a domain in which natural kinds do not map in any clean way onto the sensory similarities defined by the agent's perceptual equipment. Eccentric stimulus domains have a wide gap between experience and data: it is hard to develop from experience the right concepts to describe the data. Language seems to be an eccentric stimulus domain because the salient features of utterances are unlikely to be evident to our general perceptual and cognitive mechanisms. The relationship between a speech spectrograph of an utterance and its phonological representation is very unobvious indeed. So if the spectrograph captures the auditory representation of the acoustic stimulus, then utterances are indeed eccentric stimuli. Suppose, for example, that to represent the data of speech, children need to identify the main verb of an utterance. Main verbs may well have no spectrographic signature; that is, they are not marked by a distinctive spectrographic property. If this is both true and typical, the properties of an utterance we need to register for the purposes of linguistic interpretation would be different from those made salient by our perpetual mechanisms.


  


  It is important to notice that the eccentricity of a stimulus domain is defined with respect to the perceptual systems in that lineage of agents. Some of these mechanisms will indeed be tuned to properties like amplitude and frequency. We have inherited from deep in the mammalian Glade perceptual mechanisms that highlight certain aspects of the world and of our experience of it. In all important sense, these ancient, conserved, and widespread systems are domain-general. These have been inherited and preserved in many species because the features they make salient are important in a wide range of environments and ways of life. The similarities and differences made salient by such widely shared perceptual systems often map fairly smoothly onto the categories of the physical sciences: these are the traditional primary properties of perception. Perceptual sensitivity to these properties is a fuel for success because these properties - velocity, mass, shape, solidarity, the three-dimensional layout of the world - carve nature at its joints, and because facts about that layout are important to any active agent in any environment. Animals can be color-blind or smell-blind, but only sessile animals call afford to be shape-blind or motion-blind. Systems which detect these features of the world are domain-general in the double sense of being phylogenetically ancient and conserved, and being salient to most free-moving animals in most niches. The same, very likely, is true of the cognitive mechanisms which use close association in time and place to sensitize the agent to causal relations. Such associations are good though fallible evidence of causal relations in many environments. So it is hardly surprising that, as Tony Dickinson shows, both humans and rats use them as causal indicators (Dickinson and Balleine 2000).


  


  In some respects, our primate Uniwelt is the Welt. The features of the environment that are salient to us mark natural kinds in our environment. But that is not true of every aspect of our environment that our inherited mechanisms make salient. We cannot judge the experienceto-data gap in language (that is, judge the extent to which language is an eccentric stimulus domain) by assuming that only the fundamental physical properties in a signal are perceptually salient. The traditional secondary properties of color, odor, taste are primate inheritances which do not map straightforwardly onto causally important physical properties of objects. But they are markers of features which are important to us. Likewise, we may have genuinely perceptual mechanisms which make the organizationally relevant properties of utterances more salient to us than they would be to other primates. Indeed, Celia Heyes (forthcoming) has emphasized that one way selection can re-engineer minds to solve new problems is by adding perceptual tools. A stimulus domain is eccentric if neither our ancient nor our recently evolved perceptual mechanisms are tuned to the similarities and differences that matter in that domain.


  So a potential poverty of the stimulus problem might, on this picture, drive two different evolutionary solutions. One has been identified by nativist cognitive psychology: the information deficit is made up by information built into the agent's mind. A second is the evolution of perceptual specializations: the information deficit is made up by special perceptual tuning to salient features of that domain. This picture of two evolutionary responses depends, of course, on the existence of a reasonably robust distinction between perception and cognition. While I doubt that this distinction is sharp, I do think it is real. Representations are cognitive rather than perceptual (a) to the extent that they are causally driven by more than one perceptual source; (b) to the extent that they are influenced by top-down processes and memory; (c) to the extent that these representation are not locked on-line by an ongoing stimulus. Perception but not cognition is stimulus-bound. It is a response to some feature of the agent's immediate environment (d) if their formation is triggered by central decisions rather than being an automatic consequence of sensory stimulation.


  If evolution can result in perceptual rather than cognitive specializations to new challenges, we should be somewhat cautious in supposing that language is an eccentric stimulus domain. One of our evolutionary responses to language might involve perceptual tuning to linguistically salient features of utterances. Similar considerations extend to other domains of human reasoning. Consider, for example, the recognition of human faces and emotional expressions. Face recognition is not a perceptually intractable task. Faces can be recognized on the basis of visual input to which our transducers are sensitive. You do not need to photograph people under ultraviolet light to tell them apart, nor do you need to integrate across different sensory modalities. Even so, human faces would have been somewhat eccentric stimuli to ancestral mammals, and probably still are to those lineages, like the rats, that have long diverged from ours. The features of visual stimuli that are especially important in distinguishing one human from another are unlikely to be especially salient to rats. But human faces are not eccentric for us. A stimulus domain is eccentric if the observational natural kinds of that domain are not simply captured in the perceptual representation of our environment we in{u'rit and modify from our primate ancestors. Hominids inherited a primate and mammalian Umwelt. These inherited perceptual and cognitive mechanisms made certain features of that environment, certain kinds, salient. One way evolution engineers our minds is by modifying perceptual salience. Our perceptual systems register human faces as faces. Facial features and their distinctions are salient to us. The fact that human faces are not an eccentric stimulus domain undercuts one aspect of the "poverty of the stimulus" argument for a folk psychology module. For it suggests that the first stage of the theory-building cycle might not be especially difficult. Our perceptual systems are probably tuned to just those features about behavior we need to notice in order to confirm or modify hypotheses about the mind. Other agents' expressions, stance, direction of gaze, and the like do pop out. In section 10.8, I shall argue that the same is true of folk biology.


  


  From data to theory


  Of course, even if no domain-specific cognitive adaptations are needed to represent the data, they may still be needed to acquire principles about that domain. The data, even represented in an appropriate way, may radically underdetermine the concepts and theoretical principles that the agent must acquire to master that domain. We may not require an innately informed folk biology module to learn that all birds have wings. But going beyond such empirical generalizations to learn the principle that organisms are members of species, and that common species membership predicts many other similarities, is more problematic.


  


  A plausible case can be made for such an evidence-to-theory gap in language. The principles of a language's grammar are not overt in the primary linguistic data, even when those data have been described in the vocabulary of theoretical linguistics. But we should be very cautious in extending this argument to other domains. Those who endorse a poverty of the stimulus inference to innate modules tend to portray the alternative as if the apprentice in folk biology, folk psychology, or social exchange were all alone, trying to induce the principles of social exchange (for example) from the wash of experience by inductivist empiricist principles. This is a significantly misleading characterization. In section 10.8, I shall explore both the experience-to-data problem and the data-to-theory problem through the example of folk biology. I shall argue that downstream epistemic engineering makes both these problems more tractable. In chapter 11, 1 run a similar case for folk psychology. The learning problem has been misconceived. So, perhaps, has its target, and in ways that accentuate the learning problem. It is not so obvious that we acquire theories - in a rich sense of theory - of folk psychology or folk biology.


  1 0. B The Case of Folk Biology


  One of the problems facing the apprentice as she is bathed in data is to determine what is relevant. What features of experience are salient to the capacities she must acquire? In the mastery of any particular cognitive competence, most incoming stimuli are noise rather than signal. For example, one natural-history skill is identification. To master identification, you need to learn what to look at, listen to, feel, or smell. To distinguish one bird of prey from another, the overall pattern of their underwing markings is more important than their specific color, as these tend to be highly variable. Color is often a distraction rather than a guide. That is why many modern bird field guides have a special plate of birds of prey seen from below in black and white. In identifying fungi, smell is often important. Thus in navigating through their biological environment, foragers will ignore much of their perceptual experience, but will also actively seek out some signals. How could our apprentice naturalist know what to ignore, and on what to attend? Apprentice naturalists learn their skills in social association with experts. One way of finding out what is salient is by monitoring expert behavior: following their direction of gaze and attending to their active search. If the experts you are with break leaves off trees, crush them, and then smell them; if they move to get a view from a particular angle; if they clearly make bird identifications from a flight pattern alone, then certain aspects of the experience have been marked as salient.


  


  Moreover, apprentice folk biologists are not ignored by the experts. Just having the different organisms named helps enormously. When two apparently identical organisms are given different names, you know there is a difference to be found. Being told that one bird is a buff-rumped thornbill and another is an inland thornbill, encourages you to search for a difference you will now expect to find. The apprentice is rarely left with as little help as that. When illustrations of similar species are presented together on a page, many contemporary field guides help the reader out with arrows pointing to the differences. Similar salience marking would be available to apprentices from experts: they indicate the discriminating features to which the apprentices should attend. The learning environment of apprentice naturalists is engineered by the adult experts in the group, both as they use their own skills and by design. Moreover, this engineering starts young. Even in western societies long removed from the need to acquire this expertise, young children are routinely awash with toys, stories, games, and so on which scaffold the acquisition of some basic discriminative skills about plants and animals. At the age of 4, my daughter has about 40 soft-toy models of mammals and birds. The learning task is much less difficult for those thus actively helped.


  This downstream scaffolding undercuts one standard reason for positing a natural-history module: cross-cultural uniformity. That uniformity is a striking discovery of recent cognitive anthropology. It turns out that very different groups of foragers classify their biological world in importantly similar ways. The core element of these folk biologies is the recognition of something like species," and the recognition that all organisms are members of species. All cultures seem to recognize biological levels above the species, but these levels vary quite considerably. Thus Diamond's New Guinea informants contrast with us in not using a general term for, say, all hawks or all parrots (Diamond and Bishop 1999). But all these folk taxonomic systems both recognize a species level and treat it as the most important, for all cultures treat this level as the most robust natural classification system. They assume that members of the same species share most of their properties, observed and unobserved.


  


  These systems of folk biology are general, flexible, multi-purpose storehouses of biological knowledge. They are fuels for success. Taskspecific systems are constructed from them (for example, herbals of medicinal plants), but they are not in themselves task-specific. The species category itself is not a utilitarian category, and the classification system applies alike to the useful, the noxious, and the neutral. All birds, not just edible ones, are recognized as members of their distinctive species and named. So though there is cultural variation in folk biologies, there are striking and robust commonalities across cultures in the ways peoples conceptualize the natural world. Scott Atran (1990, 1998) takes these facts about folk biology to show that these fundamental biological principles about organisms, species, and lineages are innate elements of a folk biology module:


  Universal taxonomy is a core module; that is, an innately determined cognitive structure that embodies the naturally selected ontological commitments of human beings and provides a domain-specific mode of causally construing the phenomena in its domain. (Atran 1998, p. 555)


  The universal features of folk biology are a consequence of an innate, domain-specific feature of the human mind, a system which defines the essential structure of folk biology.


  But there is another option. We might instead suppose that forager taxonomy is a consequence of the intersection of (a) inherited perceptual tuning, (b) objective features of the biological world - for species are objective units in nature - and (c) the power of cumulative downstream epistemic engineering. Forager expertise was built by Tomasello's Ratchet. Once new discriminations were discovered, that skill spread horizontally and obliquely, not just vertically. It became a common property of the group at one time, and was transmitted reliably to the next generation to serve as an improved basis for a yet closer matching of forager taxonomy with biological reality. As field guides show, there are perceptually available cues to species differences. This information is in various ways noisy and unobvious. However, with suitable scaffolding these cues suffice to explain the way different cultures succeed in converging on more or less the same folk biology. And there is suitable scaffolding:


  


  7 Apprentice learning. As Diamond notes, the play of hunter-gatherer children is one long lesson in local natural history. As children accompany adults, adult behavior directs them to salient differences and identifying characteristics of the taxa they encounter. Even with these lessons, though, folk biology is the possession of mature adults, not young children.


  2 Cultural representations. Pictures and other enduring representations are obviously very important for contemporary western cultures. But preliterate cultures pass on the system of nomenclature they have assembled over time, and this labels differences, making them more salient. Moreover stories and myths code information about the natural world in an easily digested and remembered way (Sugiyama 2001).


  3 Perceptual scaffolding. Our perceptual input systems might be specially adapted to features of the world important for folk biology. Taste, smell, and color have very likely evolved to help us identify and distinguish folk-biological categories. These properties are not very important for our dealings with the inanimate world but they are very important for biological similarity and difference. The same may be true of some patterns of motion. Some of these might be quite subtle. Birders are very tuned to bird flight patterns, for different birds fly in quite different ways. Our motion-detectors may be tuned not just to the distinction between animate and inanimate motion, but to kinds of motion that characterize different taxa. The experience-to-data transition might be facilitated by the specific array of features that our sensory receptors detect; and this is likely to be a primate, not a hominid, inheritance.


  Why then is Atran convinced that we have an innate folk biology module? He argues that folk biology systems are not just strikingly similar across different cultures; they develop in similar ways despite sharp variations in individual experience. Here he relies heavily on the fact that his Michigan subjects develop a similar global conceptual structure to that of the Maya, despite their very limited naturalhistory experience and weak species-recognition skills. He writes:


  


  such cultural learning produces the same results under widely divergent conditions of experience in different social and ecological environments. This indicates that the learning itself is strongly motivated by crossculturally shared cognitive mechanisms that do not depend primarily on experience. (Atran 1998, p. 554)


  At this point, Atran seems to overlook the fact that language, nature documentaries, stories, and the like play the same role for his Michigan subjects that direct field experience plays for the Mayan subjects. In particular, it cues them to the significance of the species category, and the role of species labels in underwriting inductive inference. His Michigan subjects were botanical ignoramuses. But they could recognize a reasonably wide range of animals. Thus their species category is anchored by animal exemplars. Once the importance of that rank is established by some set of exemplars, it is available for all named species, even if the subject cannot recognize the named species. Hilary Putnam (1975), famously, made this point long ago. Cultural support can come in different forms yet support the acquisition of the same basic cognitive structure.


  Atran also assumes that learning gives us only feeble powers to construct concepts from experience. He supposes that concepts can be learned from experience only if the concept is a defined by perceptual similarity. He writes:


  Input to the mind alone cannot cause an instance of an experience ... or any finite number of fragmentary instances to be generalized into a category that subsumes a rich and complex set of indefinitely many instances. (Atran 1998, p. 554)


  If this were a good argument, it would show not just that the species concept itself was innate. It would show that our concepts of particular species were innate. For we learn each of them from a finite number of fragmentary instances. But the categories of folk biology are formed not just from raw perceptual experience of the living world, but from those experiences in a social and linguistic environment that direct the attention of the learner in various ways. The nativist inference underplays the role of epistemic engineering: the way groups structure the learning environment of those acquiring crucial life-skills. Moreover, we may well be set up so that certain similarities and differences in the way organisms move, look, sound, and smell are salient to us. We are apt to notice the right things; the features that distinguish one species from another. That does not give us an innate concept of species, nor of the particular species about which we are learning. But it must make those tasks less onerous that they would otherwise be. It would, for example, be much harder to learn to identify bird species if we were color-blind. It would probably be much easier to identify ant species if we could shell their distinctive secretions. At this point, it is worth reminding ourselves of the limitations of folk taxonomies. An increasingly large number of cryptic species are being discovered by molecular methods. The members of these species groups do not differ in ways salient to our perceptual equipment, and their differences are not registered in folk (or in premolecular scientific) taxonomy. Folk biology is probably particularly good at bird taxonomy because birds also recognize one another as members of the same or different species by sight and sound. Many skinks and geckos probably do not.


  


  Finally, natural history seems more like an automated skill than a language-like module. As Atran himself notes, our natural-history knowledge is not sealed off from other cognitive competences in the way that language is. Our natural-history competences feed into other capacities. And if we want to, we have reasonable cognitive access to the content of natural-history reasoning. Atran's Mayan informants could explain the basis of their taxonomic judgments. Folk biology is influenced by what else we know: it is not encapsulated. While in general it operates in an automatic and unreflective manner, in difficult cases it is subject to conscious scrutiny and oversight. These are just the features of an entrenched learned skill. In short, my best guess is that folk biology is built by Tomasello's Ratchet and transmitted by scaffolding developmental environments.


  1 0.9 Modularity and the Frame Problem


  The two most prominent general considerations in favor of massively modular hypotheses have been arguments about poverty of the stimulus, and appeals to the frame problem. There is no uncontroversial description of that problem, but a core idea is that cognitive tasks can easily become computationally intractable if they involve large numbers of independent elements. A famous example of combinatorial explosion is the traveling salesman problem: the problem of selecting the most efficient route for an agent who must visit all members on a list of cities. While the number of cities on the list is low, the problem is trivial. But as the list of cities to be visited goes up, the problem becomes hard fast. Chess computers face a similar dilemma. The space of options to be searched expands very rapidly as the depth of search is increased. The frame problem is really a family of problems about computational intractability. Such problems tend to arise as the size of a database expands; as databases must be updated for agents in dynamic environments; as the search space becomes less constrained; and as the class of inferential techniques expands. These factors all seem to cause the problems of combinatorial explosion to become ever worse. Moreover, problems become computationally intractable very quickly. Yet we live in a dynamic environment. We do exploit a large database in determining our actions. Nondemonstrative reasoning is an important part of our inferential life. We show great flexibility in solving theoretical and practical problems; we do not seem to have very constrained search spaces. It seems as though our cognitive lives satisfy the conditions which generate the frame problem.


  


  In recent work, Cosmides and Tooby (2000) have argued that we also face the problem of error propagation, and that it too is a version of the frame problem. The more an agent inferentially integrates information, the more the agent risks error being propagated through the system. Inference will breed error from error. Moreover, when combined in inferences, small probabilities of error multiply into large ones. The conclusion of an inference depending on many premises, each of which has a high probability of being true, has a low probability of being true. The more agents use inference, the more they need systems of error-management to limit the damage error makes. Moreover, there are features of human cognition that make the problem of error containment particularly important. First, we get much of our information from other agents. But different agents vary in their reliability. I might trust Peter's advice on wine but not women, or vice versa. I need to keep track of who tells me what. Second, we are adaptively responsive to contingent information. We need to remember not just that the tiger is at the water-hole, but when and at which water-hole the tiger is to be found. Judgments about others' reliability, and date-stamping systems, can hardly he perfect. So we need some kind of firebreak which stops errors spreading.


  Thus rich, integrated, flexible, cognitive systems should suffer from a frame problem, especially those that depend on testimony and on information with limited shelf-life and variable reliability. The frame problem becomes an argument for massive modularity through the suggestion that it is actualli/ ulisolvable. Richly integrated, flexible, cognitive systems do not and can not exist, because such systems would he crippled by some version of the frame problem. The appearance that we are such a system must therefore be an illusion. The task becomes that of sketching a cognitive architecture that both explains how we come to have the capacities that generate this illusion of flexible integration, and which is free of the frame problem. A massively modular cognitive organization, the idea goes, is just such an architecture.


  


  I have no solution to the frame problem to offer, but I am very skeptical of this avoidance strategy. One version of it has recently been offered by Gigerenzer and his colleagues. They too think the frame problem is an artefact of a mistaken conception of how we think and act. They argue that we misconceive the nature of human cognition if we think human agents integrate their information, and use that integrated set of expectations about the world, in order to maximize expected utility. Instead, we guide our action by "fast and frugal" heuristics. We use decision procedures which do not require rich information about the world.


  Suppose, for example, that in a choice situation we are confronted with incommensurable choices: we want to buy a car. Price, reliability, safety, and economy are all criteria that matter to us, and no single car scores best on all these criteria. 1-low do we choose, and how should we choose? One option would be to calculate an optimal decision by scoring each car on each criterion, weighting the criteria, and then choosing the car with the best overall score. A simpler and faster alternative is to use one criterion - the one most important to us (or perhaps the one most easily measured) - and choose on the basis of that criterion. This is the "Take the Best" decision heuristic. But there are also epistemic heuristics, for example, the "Familiarity" heuristic. It turns out that if Americans are given a set of pairs of German cities, and asked to pick from each pair the city with the largest population, they do quite well just by picking the one of which they have heard. Providing extra information does not improve performance significantly. This heuristic is very fast but not very robust. Germans cannot use it because too many German cities are familiar to them. Nonetheless, the argument goes that this "Familiarity" heuristic works well on a number of tasks, because familiarity is correlated positively with a range of properties important to us. In short, Gigerenzer and his colleagues argue that in a wide range of circumstances, "fast and frugal" heuristics produce highly adaptive action, and they argue that agents do in fact use these heuristics.


  Gigerenzer, Todd, and their colleagues sometimes speak of these heuristics as being "domain-specific," but in this context that is a misleading expression; domains are not ecological domains. These heuristics are not reliable means to adaptive behavior in making foraging decisions but not in making social decisions, or vice versa. The domains are characterized by content-neutral features of the choice environment. Thus "Take the Best" is a good heuristic in any choice structure in which aspects of utility correlate fairly well with one another, or when one aspect is of overriding importance. These are general purpose problem-solving and decision rules. If Gigerenzer and his colleagues are right, we can think of the central processor as a system folder with stock of fast and frugal heuristics. None of these heuristics imposes unrealistic computational demands. Each will solve some problems in many of the ecological domains in which the agent must act.


  


  There are, however, serious problems for the Gigerenzer program. The decision tasks they typically discuss are not "ecologically valid." We need to see some experimental (or modeling) work on, for example, judgments about whether others are lying to you; on whether others will be reliable partners in cooperative tasks; on whether a partner is engaging in extra-pair copulation. The tasks they discuss rarely involve competitive, interacting, responsive aspects of the environment. The use of Familiarity to judge city size, or Take the Best to pick a car, does not implement choice in an environment of other choice-makers.


  Furthermore, the defenders of fast and frugal heuristics tend to understate the informational demands of the heuristics they suggest. Thus they treat imitation as a fast and frugal heuristic, overlooking the considerable cognitive demands imitation itself imposes. Moreover, their heuristics are heuristic scheinas rather than fully specified heuristics, and that can create the illusion that their information demands are light. Take the First is a choice heuristic that involves picking the first member of the choice set that meets or exceeds some threshold value. Imagine a woman using Take the First as a mate choice heuristic, with the threshold being some value of Resource Holding Power (RHP). Estimating the RHP of potential mates may well be demanding. Gigerenzer might reply: it must be less demanding than estimating RHP, and values of other mate choice criteria. But that is true only if we hold fixed the reliability and precision with which RHP must be measured. And we might well allow ourselves a less precise measure of RHP if it is just one of the criteria we use. (See especially Gigerenzer and Selten 2001 a, b, and Todd 2001).


  In short, I am far from convinced that fast and frugal heuristics explain intelligent adaptive behavior in translucent environments. I am equally skeptical that massively modular architectures sidestep the frame problem. A mind consisting of an ensemble of encapsulated modules avoids the frame problem (the idea runs) by restricting the database from which modules work and hence limiting the combinatorial explosion that is part of the frame problem. Moreover, each encapsulated system makes a hard-wired, once and for all commitment on relevance. Hence they avoid the problem of deciding what is relevant and what is not. They do not search the general informational stores of the agent making relevance decisions, for they have no access to those general information stores. That decision is also part of the frame problem. Furthermore, this commitment enables algorithms to be optimized for processing specific, predictable kinds of data. Modules are fast because they use a restricted database; they have to sort through less information; and they use algorithms which are optimal for their specific tasks. So the computational efficiency of modules, notice, is purchased not just by domain specificity, that is, by answering a restricted range of questions, but by the encapsulation of the database from which those questions are answered.


  


  Encapsulation mitigates some aspects of the frame problem. But if, say, folk psychology is a module, then the database will be large. Moreover, the social environment is dynamic, and the database will need upgrading. Nondemonstrative inference will be important. Encapsulated modules within a massively modular architectures are threatened with a form of combinatorial explosion. If the mind is massively modular, how are modules coordinated? When a group of foragers hunt collectively in their natural environment, they interact with their biological world; they use tools; they coordinate, and if successful they face resource allocation issues. How is a particular situation recognized as posing a problem relevant to one module or another? As Fodor (2001) points out, this is a version of the problem of recognizing relevant data. Without an account of coordination and task assignment, there is no reason to suppose that the idea that the mind is a complex of interacting modules avoids the frame problem. Like Fodor, I am persuaded that the frame problem is real, but that somehow or other we solve it. We manage to prevent the combinatorial explosion of possibilities from overwhelming our inferential capacities! Whether human minds are ensembles of modules or not, we are stuck with some version of the frame problem.


  


  In my view, the upshot of sections 10.6-9 is that the general architectural and evolutionary arguments for massive modularity are thoroughly unconvincing. Moreover, as I argued in section 10.8 and shall argue further in the next chapter, downstream niche construction is a very plausible alternative explanation for those features of human cognition - and there are such features - that are suggestive of cognitive modules. Let me push this skeptical conclusion by returning to my starting point, language, and its contrast with other aspects of human cognition.


  The principles of syntax, in contrast to those of folk biology and folk psychology, but perhaps not naive physics, are deeply introspectively hidden. In contrast again to (say) folk biology, language is acquired very early. It does indeed show the marks of evolving via a Baldwin Effect. Crucial aspects of language acquisition and interpretation involve no temptation to defect. Those aspects of an agent's linguistic world are transparent as the target of interpretation cooperates with the interpreting agent. Moreover, and this is the upshot of sections 10.7 and 10.8, language is a less apt target for externally supported learning. I agree with one fundamental intuition behind poverty of the stimulus arguments. Human cognitive competences are often so sophisticated that their acquisition depends on some form of special scaffolding. But with many of those competences, the scaffolding may be external rather than internal to the agent. The environment is engineered to make learning possible. The acquisition of language cannot be scaffolded in the same way as other cognitive competences, for language itself is a crucial aspect of this scaffolding. And, obviously, in its early stage, the acquisition of language cannot be scaffolded by language itself. This is another reason not to think of language as a paradigm of human cognitive capacities.
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  i i . i A Theory of Mind Module?


  It is not surprising that many theorists have suggested that our capacities to interpret one another depend on domain-specific cognitive adaptations. Given our importance to one another, it is, after all, very likely indeed that our minds are adapted for social reasoning. Moreover, intentional interpretation seems to have some of the features of a Fodorian module. We have a very persistent tendency to anthropomorphize, to react to objects as if they were agents. Recall the famous Fawlti/ Towers scene where Basil whips his car. Our responses to cartoons and puppets also indicate how easy it is to get us to imagine intentionality in something that only vaguely resembles the face of a living creature. Heider and Simmel's (1944) well-known experiments with moving abstract shapes show how natural we find it to imagine mental states around which we can then weave a narrative of the shapes' interaction. Equally, it is not uncommon for people to have powerful reactions of attraction or repulsion, often with an interpretative overlay. Such cases do suggest that there are ways we read our social circumstances that are independent of our beliefs and judgments (Currie and Sterelny 2000).


  Furthermore, we night well think that interpretation is operationally independent of central judgment in a module-like way. We do not have to decide whether to interpret another agent's bodily movements as actions. We do so automatically, though as with other modular judgments, that automatic response can be overruled. This suggestion of operational independence seems to be very powerfully reinforced by clinical conditions suggesting that interpretative competence is disassociated from other aspects of human cognition. Autism (and more recently schizophrenia) have been seen as failures of the capacity to interpret others, failures leaving nonsocial intelligence intact.


  


  Developmental considerations seem to favor a modular theory of folk psychology, too. In this developmental literature, the key idea is that a child does not really understand belief (and other intentional concepts) until she understands that others have and act on beliefs unlike hers. False-belief tasks test for this ability. In one version of the false-belief test, a child watches two puppets interacting in a room. One ("Sally-Anne") puts a toy in a box and then leaves the room. While Sally-Anne is out of the room, the other puppet moves the toy from the box to a drawer. Sally-Anne returns to the room, and the child onlooker is asked where Sally-Anne will look for her toy. Threeyear-olds regularly predict that she will look where the toy now is, namely the drawer. Sometime between the ages of 4 and 5, children predict that she will look in the box: they understand that Sally-Anne has a false belief and will act on it. These developmental phenomena are supposed to be evidence for a module in two ways. First, they hint that interpretative capacities are in play very early (see section 9.2). Second, the predictability of this pattern suggests that development is not sensitive to evidence. Early and uniform acquisition is evidence that folk psychology develops independently of environmental input and general learning abilities.


  So there is indeed a prima facie case for a theory of mind module. But I shall argue that our interpretative capacities are more like folk biology than they are like language: they are the result of environmental engineering and perceptual priming rather than an endogenously developing cognitive adaptation. In the next section I discuss three crucial aspects of modularity in relation to our interpretative capacities: functional autonomy, poverty of the stimulus, and encapsulation. This discussion supports the alternative picture of folk psychology that will be developed in sections 11.3 and 11.4.


  1 1 .2 Deconstructing the Folk Psychology Module


  Functional independence


  One very persuasive argument in favor of a modular hypothesis is dissociation. Two capacities are dissociated if one can be lost and the other retained, and hence dissociation seems to show both informational and operational autonomy. Aphasia confirms modular views of language because it seems to show that linguistic skills can be lost while other cognitive skills are retained. Equally, if our capacity to interpret others is dissociated from general intelligence, that would be a very persuasive argument for a theory of mind module. There seems to be evidence of just this pattern. High-functioning autistics fail theory of mind tasks, while performing normally on other tasks of similar difficulty. High-functioning autistic children that fail false-belief tasks pass "false photograph" tasks. In these tasks, a scene is photographed using a Polaroid camera, and then changed while the photo is developing. The children are asked what the photo will show. High-functioning autistic children say that it will show the scene as it was before it was changed, rather than as it is now. The same children typically fail false-belief tasks (Leslie 2000b). Such considerations seem to show that autism is mind-blindness (see especially Baron-Cohen 1995).


  


  Theory of mind explanations of autism have lost considerable ground in the last few years. It once seemed likely that interpretative deficits could explain other aspects of the syndrome, but that hope now seems unlikely to be fulfilled. Two important symptoms of autism are love of extremely rigid routines and problems with the pragmatics of language. Routine-loving and literal-mindedness are not themselves theory of mind problems. But it was proposed that they are downstream consequences of failure of theory of mind. Love of routine might be an adaptive response to an environment made threatening and unpredictable by the autistic child's inability to interpret others. But the plausibility of this analysis has been considerably undermined by Candy Peterson's work with deaf children raised in nonsigning households. These children show considerable developmental delay in passing false-belief tasks, so they suffer interpretative deficits. But they do not show the need for routine, or the extraordinary literal-mindedness of autistic children (Peterson and Siegal 1998, 1999). Moreover, there are other aspects of the autism syndrome with no apparent connection to interpretative deficit. For example, autistic children struggle with Tower of Hanoi problems,' and they find it difficult to point to one object while they want another (Currie 1996). Furthermore, Gerrans (forthcoming) has recently argued that these theory of mind deficits are best explained as the consequences of developmentally early, quasi-perceptual failures. These include failures to pick up signs of affect, facial expression, gaze monitoring, and intentional action. These initial failures lead to deeply impaired theory of mind capacities because for these children, the interpretation of others really is an eccentric stimulus domain. In short, one potentially very powerful argument for a modular conception of the theory of mind - its role in the explanation of developmental abnormality - is rather less persuasive than when first formulated.


  


  Poverty of the Stimulus


  Would the construction of a theory of mind from scratch be impossibly difficult without an innate (and possibly modular) theory of others' minds? The idea that learning a theory of mind would be enormously difficult is close to received wisdom. Thus Scholl and Leslie (1999), in defending Leslie's particular version of a folk psychology module, briskly remark:


  As such, a ToM has often been thought to require its owner to have acquired the concept of belief. This raises the obvious developmental question: hour do we acquire such a concept, and thereby acquire ToM? The obvious empiricist reply - that we learn it, perhaps from our parents - is suspect, due to the extremely abstract nature of mental states. After all, it's not as if a parent can simply point and say "See that! That's a belief." Children become competent reasoners about mental states, even though they cannot see, hear or feel them. (p. 133)


  And in a paper of 20-odd pages, that is all the authors feel they need to say to set aside a learning hypothesis. The rest of the paper is devoted to discussing just which elements of the folk psychology module are innate. I am not persuaded. In my view, neither the experience-to-data gap nor the data-to-generalization gap is imposing. Let me begin with the experience-to-data gap. Here I part company with Alison Gopnik, who has pressed the opposite claim with memorable vigor. Intentional action, on her view, is an eccentric stimulus domain. She suggests that our ordinary perceptual categorizations would generate an inappropriate database for inferring the existence of thoughts and intentions:


  Around me bags of skin are draped over chairs, and stuffed into pieces of cloth; They shift and protrude in unexpected ways ... two dark spots near the top of them swivel restlessly back and forth. A hole beneath the spots fills with food and from it comes a stream of noises. (Gopnik and Meltzoff, 1997, p. 31)


  


  It's a nice try. But this description, florid though it is, rests on a false dichotomy. Indeed, it is the same false dichotomy that we saw earlier in discussing imitation and other primate "theory of mind" tasks: either the great apes represent the actions of other agents in intentional terms, or they represent them in terms of bodily motions (sections 4.3-4). We share with other mammals shallow perceptual modules which make gaze direction, facial expression, voice quality, posture, and other aspects of our social cohort salient. Even without a rudimentary theory of folk psychology, we would see other agents not as bags of skin, but as animate, self-moving creatures with functionally organized behavior, and oriented toward aspects of their environment (Leslie 1994; Chisholm forthcoming).


  The data-to-theory gap is not especially imposing. To think that this gap is wide, we have to take the idea that folk psychology is a theory very seriously indeed. And many defenders of modular conceptions of folk psychology have done just that. For example, Astington and Gopnik (1991) characterize theories as


  abstract; they postulate theoretical entities that are far removed from immediate experience or evidence. They are coherent: there are complex law-like interrelationships between these theoretical entities. Theories allow one to generalise, to explain, to predict. They have a complicated relation to the evidence ... while theories coherently organise many different types of evidence, they are still relatively domain specific. (p. 17)


  If folk psychology were a theory in this sense, then moving from data about agents and their actions to a theory about the inner causes of those actions would indeed be challenging. But this may well be an over-intellectualized conception of folk psychology. Defenders of the simulation theory certainly think so. Their alternative proposal is that we predict and interpret the behavior of others by using our own decision-making procedures as a model for others. We feed simulated beliefs and preferences into our own decision machinery, and monitor the output both to take it off-line and to read it. The status of this theory is controversial. In particular, it faces the challenge of explaining observed patterns in the development of our interpretative skills in a natural way.? But simulation theory does offer certain advantages. Most obviously, simulation theory fits the phenomenology of agency. It often seems to us that we understand other agents by imaginatively projecting ourselves into their situation, and if we interpret by simulating, that offers a natural explanation of this aspect of our experience. Moreover, if correct, it would also relieve the agent of the considerable burdens of both discovery and calculation. Agents would not have to discover the nature of human decision-making machinery, and nor would they have to apply knowledge about human decision-making machinery to predict the actions of other agents. Simulation theory is a less intelligence-hungry account of our interpretative capacities than some of its rivals.


  


  However, at most, simulation theory offers a supplement to representational theories of interpretation. We are sometimes able to take into account differences both in the thoughts of other agents and how they reason. We can adjust our expectations of other agents in the light of our understanding of their cognitive limitations and their differences from us. Many travelers can use their knowledge of the culture they visit to adjust their expectations of how others will think and act, even on their first visit. Good teachers allow for differences both in knowledge and in ability to use what is known. The ability to make such adjustments is not universal, but nor is it rare. So simulation theorists need an account of how we know what mock-beliefs and mock-preferences to feed into our own decision-making machinery; and that becomes an increasingly pressing question as another's beliefs and preferences diverge further and further from the agent's own intentional states. And it needs an account of how we adjust for differences between our reasoning dispositions and those of others.


  On the picture of hominid evolution I have defended, this adjustment problem is especially serious, for we can expect different humans to have significantly different reasoning dispositions. That is a consequence of developmental plasticity, the existence and importance of which I defend in chapter 9. Perhaps these differences are corralled in various ways. If the differences between humans are due to different developmental resources inherited in some groups but not others, then though Pleistocene human minds might be quite different to mine, I will not go too far wrong in taking my cognitive architecture to be a decent model of those in my social world. But if idiosyncratic features of individual history can reshape fundamental features of cognitive organization, then cognitive habits will vary even within groups, and those who successfully interpret others will need to be aware of those differences.


  


  Thus simulation theory looks most plausible when seen as part of a hybrid. It needs to be combined with account of the information agents use to guide their simulations. But need that information be in the form of a theory? Perhaps the information agents have about other agents consists of empirical generalizations that can be learned quite easily from the data to which they have access. Gopnik and Meltzoff (1997) consider but reject this idea. They think competence based on theory is different in an important way from one based on empirical generalizations:


  How can we tell whether we have an empirical generalization or a theory? Like theories ... empirical generalizations are defeasible. I lowever, empirical generalizations contrast with theories on structural and functional dimensions ... In empirical generalizations, the vocabulary of claims is just the same as evidential vocabulary ... by themselves, empirical generalizations make few ... causal claims ... They do not make ontological commitments or support counterfactuals. As a result, the predictions they generate are quite limited, basically of the form that what happened before will do so again. Similarly, they lead only to very limited constraints on the interpretation of new data ... Finally they generate ... rather limited and shallow explanations. (p. 61)


  Their crucial claim, I take it, is that if our information about others was nothing but empirical generalizations from our experience, we could not predict and explain the behavior of agents in novel circumstances. Yet we are able to do that. A famous moment in Australian politics took place when a rather patrician former prime minister, Malcolm Fraser, found himself without his trousers in a seedy Memphis hotel room in somewhat mysterious circumstances. We can understand what Malcolm Fraser was doing that morning in Memphis when he presented himself to the motel clerk in a trouserless condition to insist that he be returned forthwith to his VIP hotel. But that is not based on previous experience of the behavior of trouserless, former Australian prime ministers in foreign cities. The idea that interpretation is based on empirical generalization is apparently undermined by the fact that we understand agents even in novel circumstances.


  


  Perhaps not, for patterns come in differing degrees of abstractness (sections 3.2 and 4.3). Most of us have little experience of the behavior of VIPs (or ex-VIPs) unexpectedly minus their clothing. But we do have knowledge of the behavior of VIPs in general. They expect authority to come to their aid. They are rarely abashed or embarrassed. They expect folk in the "service industries" to do as they are bid. Fraser's behavior was an instance of this more abstract pattern. It is far from obvious, then, that we do have a genuinely theory-like understanding of others. Yet that claim is essential to the idea that there is a large gap between the data of human behavior and our view of the causes of human behavior.


  Encapsulation


  I noted in section 10.9 that the computational advantages of modularity are purchased (if at all) only by encapsulated modules. A module will be computationally efficient if it restricts the size of its database; if it is optimized for processing certain types of data; if it makes a design commitment to the type of information relevant to the solution of a problem. So interpretation could be both encapsulated and reliable only if one agent can interpret another with reasonable reliability on the basis of informational cues which are a predictable subset of the total information available to the interpreting agent. Yet as Greg Currie and 1 (2000) noted, no one has very seriously defended the idea that our capacity to interpret others depends on an encapsulated module; instead, defenders do not treat encapsulation as essential to a theory of mind module (section 10.5). It is easy to see why they do not dwell on encapsulation, even though it comes in various forms and degrees. Perhaps the most plausible picture of an encapsulated folk psychology module might see it as similar to the lexicon of a language. The specific content of a lexicon is not innate and it changes over time. But a lexicon might still be partially encapsulated in two ways. There could be constraints on the type of entry that can be loaded into the lexicon, and language decoding may have access only to the contents of the lexicon as it then stands. Similarly, one might suppose that though the specific contents of the "interpretation database" cannot be innate, there are design constraints on the type of information added to it (thus avoiding one version of the frame problem, making relevance decisions). Information about other agents' affiliations and activities goes in; information about the mating call of the bush stone-curlew does not. And though the database is updated over time, at a single time interpretation depends only on the database's current contents. That database does not have to be updated on-line, while grappling with a specific interpretation problem.


  


  But even thinking of a theory of mind module as encapsulated in this partial, limited way would not yield a very plausible picture of our interpretative capacities. Some of the information we use to interpret others is indeed automatically relevant. Emotions, for example, are relevant to action, and it is often possible to identify the emotional states of other agents. This is not surprising if, to solve commitment problems, emotions have been recruited as signals that are honest and known to be honest.' A theory of mind module could be wired up to store information about the emotions and emotional dispositions of other agents in its data base. That would be a good design feature. This information is automatically relevant but the agent does not have to decide that it is relevant. But most of the information we use to predict the actions of others is much more contingent, contextual and unpredictable than this. In the ordinary course of life, an agent's actions generate information about their evaluations, plans, and beliefs. Similarly, an agent's environment - what is perceptually accessible to them - provides important evidence about what they believe. Communication, too, tells us something about another agent's beliefs and goals, even when it is not known to be honest. For it tells us what the speaker wants us to believe. Overall then, the problem of working out what others will do is not usually beyond us (though see 11.4 for some reservations about this). But our strategic environment is translucent rather than transparent or opaque. For quite often we will need all the information we can get. Fidelity problems and countless others like it take some cracking (section 10.5). It is unlikely that most of the interpretation problems an agent faces are solvable on the basis of a sharply limited subset of the agent's total informational resources, the relevance of which can be predicted in advance.


  Thus considerations of functional autonomy, learnability, and encapsulation do not generate an overwhelming case for modularity. It is no surprise, then, that there is considerable disagreement about the cognitive demands of interpretation, and the nature and extent of our adaptations for interpretative tasks. At this point, it might be useful to present some of the options in table 11.1.


  


  My own view is that intentional interpretation is a hybrid. On the one hand, it is fast. It is automatic. Within our culture (and possibly across cultures) it is universal: every normal member of our culture acquires and uses the concepts of folk psychology. It develops in a fairly predictable sequence. Our tendency to overgeneralize is a rough analogue of the "persistence of illusion" phenomenon with perceptual modules. Interpretation is clearly essential to a successful human life; its lack would be fundamentally disabling. On the other hand, it is not encapsulated: encapsulated interpreters would be extremely vulnerable to exploitation. And while in a broad sense we are all competent folk psychologists, our judgments in particular cases vary widely. It is not at all unusual for people at the same dinner-party to give very different assessments of the characters, intentions, and social dynamics of the scene they all experienced. If there is a folk psychology module it is not operationally uniform in the way visual and language-parsing modules are. Moreover, if this impression of variability in judgment about particular cases is correct, we must question the reliability of interpretation. Interpretations wildly at odds with one another cannot all be correct. This syndrome is most naturally explained by seeing interpretation as learned expertise grafted onto perceptual modules. I shall make that case in the next section.


  


  [image: ]


  


  1 1 .3 Interpretation, Perception, and Scaffolded Learning


  In a recent paper on the coevolution of our mental architecture and our interpretative capacities, Peter Godfrey-Smith sketches out one scenario that he thinks naturally leads to the expectation of an innate folk psychology. He pictures interpretation as beginning in a hominid population that has evolved enough behavioral complexity for the prediction of one another's behavior to be difficult. Some individuals, though, are able to use their general-purpose intelligence to develop a simple framework to predict the action of other agents. This achievement gradually changes the social environment. Interpretative capacities that were initially advantageous but patchily distributed through the population conc to be mandatory for effective social life. So there is selection on that population for more reliable and accurate development of this predictive framework. He takes this to be selection for an innate folk psychology. For innate capacities, on his view, are just capacities that are developmentally canalized by being decoupled from signals from the environment. The evolution of interpretative capacities exemplifies something like a Baldwin Effect: a phenotype that once depended on mechanisms of phenotypic plasticity (in this case learning) in later generations comes to depend on specific genetic resources (Ariew 1996; Godfrey-Smith 2002).


  A quite different possibility emerges once we build into our evolutionary scenario the full human propensity for niche construction. Selection for interpretative skills could lead to a different evolutionary trajectory: selection on parents (and via group selection, on the band as a whole) for actions which scaffold the development of the interpretative capacities. Selection rebuilds the epistemic environment to scaffold the development of those capacities.


  As with folk biology, the acquisition of folk psychology is probably scaffolded by perceptual mechanisms. Povinelli argued that there are quite ancient and phylogenetically widespread adaptations for monitoring gaze and following its direction (section 4.4). Likewise, since Darwin there has been widespread agreement that we signal emotions (Griffiths 1997), and there is a rich tradition in the neurosciences charting neural mechanisms involved in the registration of facial emotions (Cole 1998; Breen et al. 2000, 2001). If we inherited perceptual modules from our primate or mammalian ancestors that made the expression, posture, and action of other agents especially salient to us, there is every reason to expect that those systems will have been maintained by selection in the hominid lineage. They remain crucial to our ongoing interpretative needs. A perceptual module that locked onto these signs would provide a perspicacious database for further inference to the nature of other agents' thoughts. Such perceptual modules might be sensitive to face recognition and signs of affect in voice, posture, and movement: the behavioral signatures which distinguish between intentional and accidental action, and the like.`


  


  In short, we have perceptual mechanisms that make the right aspects of behavior, voice, posture, and facial expression salient to us. These perceptual adaptations over time come to operate in a developmental environment that is the product of cumulative epistemic engineering. On the basis of this evidential head start, humans have cumulatively engineered the learning environment of children to further scaffold the acquisition of interpretative skills, so:


  1 The acquisition of interpretative competence is scaffolded by perceptual mechanisms that make crucial clues to agents' intentions salient to us. Folk psychology is scaffolded by perceptual tuning.


  2 Children live in an environment soaked not just by behaviorally complex agents, but with agents interpreting one another.


  3 Learning is scaffolded by particular cultural inventions: for example, narrative stories are full of simplified and explicit interpretative examples.


  


  4 There are folk psychological analogues of Motherese. Parents who interact with small children often explicitly rehearse interpretations of both their own and the infants' actions


  5 Language scaffolds the acquisition of interpretative capacities by supplying a premade set of interpretative tools.


  A cognitive task which might once have been very difficult, or achievable only at low levels of precision, can be ratcheted both to greater levels of precision, and to earlier and more uniform mastery, by incremental environmental engineering. We have a "wealth of the stimulus" argument against an innateness hypothesis.


  My line of argument here connects up in an unexpected way with Gopnik's and Meltzoff's "child as scientist" model (Gopnik 1996; Gopnik and Meltzoff 1997). In contrast to the position defended here, they accept a deeply theoretical view of folk psychology. But they too think that the acquisition of folk psychology is a genuine learning process. They argue that developmental psychology shows signs of infant data-gathering (analogous to experimentation); responsiveness to evidence; and a sequence of theory changes as the infant view of other agents gradually converges on adult folk psychology. We would expect none of this if folk psychology were an innately structured module. If experience switches on a latent theory, why would development proceed via a theoretical sequence? Theory construction appears to be an evidence-driven process.'


  We may not understand how theories are constructed, but we know that they are constructed. We know that humans can construct powerful, well-confirmed, and probably true theories that go well beyond the data from which they are constructed. The development of modern science is an existence proof of this capacity. Gopnik's and Meltzoff's hypothesis is that the development of children's theories of their social and physical world involves the operation of this ability to the max. This is their "child as scientist" model. They think of theory construction as an especially powerful form of learning that is built into the brains of children, surviving only in a weak and attenuated form in the minds of adult scientists. I think this is wrong. Science is possible only because of the especially powerful, subtle, and complex epistemic engineering of the environments in which scientists work. The social and cultural organization of science is essential to its power as an epistemic engine. In the development of new theory, there is a division of intellectual labor. No single individual has to do the whole job. Moreover, the data and the reasoning of scientific groups are crosschecked by others. The hypothesis space is searched more efficiently by the division of the research community into smaller units, many of whom pursue different hunches (Hull 1988; Kitcher 1993). Science is public and able to be replicated. Furthermore, language makes the conceptual and empirical advances of one easily available to another, so success can be built by many agents over time. Language and other techniques of public representation - diagrams, tables, databases, computer programs, physical models - mean that scientists do not have to keep all their data, ideas, and calculations in memory.


  


  No one doubts that the social organization of science eases theory construction in science. In my view it is essential for the whole enterprise. One reason for thinking so is that science has only ever been invented once. All humans develop technologies, and there have been independent and sophisticated mathematical traditions. But science - an empirically disciplined, progressively improving tradition of thinking about the causal structure of the natural world - is unique. In most cultures, theoretical thinking about the world has gone horribly wrong, with no mechanism of improvement. The prevalence of mystical, religious, animistic, and magical ways of thinking about the operations of the world does not suggest that once we were scientists.


  Science genuinely does trade in theories. And the experience-to-data and the data-to-theory gaps are large in many branches of the scientific enterprise. Those gaps can be crossed only if individual environments are very extensively epistemically engineered: only if something like the social organization and working traditions of science are created. The experience-to-data and data-to-theory gaps for folk psychology are less imposing. Children do not have to be scientists - to be wired into those special environments - to cross them. They need only to be quasi-scientists and to get the help of rather more modest epistemic engineering. An analogue of the social organization of science does play a critical role in the development of interpretative capacities. I agree that something somewhat science-like is going on in the development of our interpretative capacities. But it is not the operation of especially powerful autonomous learning mechanisms within individual agents. It is the fact that our environments have been epistemically engineered in ways that circumvent the cognitive limits of individuals on their own.


  


  In the light of the perceptual and epistemic scaffolding that supports the development of folk competence, the architecture of the human mind may not have changed between those generations in which hominids, slowly and laboriously, had to acquire interpretative capacities and the generations in which these capacities appear early, in a fairly predictable sequence, and uniformly. There could be a profound shift in human interpretative capacities without any change in the brain's wiring or the mind's architecture. Given the developmental flexibility of the human mind, in practice this is most unlikely. The systematic changes in the experience of the developing mind are likely to have architectural consequences. However, we do not have to appeal to canalized development to explain the early and uniform development of folk psychology and other features of the mind. Niche construction provides an alternative explanation. Moreover, if my view of the pace of cognitive change and the degree of intergroup cognitive difference is right, it's a much more plausible model. Wiring in a theory of mind is adaptive only if cognitive architectures are uniform and slowly changing. One argument of this book is that we should make no such assumption.


  1 1 .4 Truth, Evidence, and Success


  In the last section, I defended a niche-construction account of folk psychology against an alternative, the idea that folk psychology depends on a specific innate module. My line of argument treats the development of folk psychology as a form of guided learning. If that is right, development is sensitive to evidence. Yet defenders of various forms of the modularity hypothesis deny that development is sensitive to evidence,' giving three considerations against the evidence-sensitivity of the acquisition of folk psychology. These are the uniformity of outcome within and across cultures; the insensitivity of development to variations in general learning capacity; and the uniformity of the developmental process itself. I do not find these considerations compelling, and I shall take them in turn.


  Uniform outcomes: Scholl and Leslie (1999) note that not much is known about the cross-cultural uniformity of folk psychology. But they think that, to the extent that we have cross-cultural information, it supports the view that folk psychology is pan-cultural. Suppose it is true that all individuals (except those with certain specific pathologies) develop a more or less identical folk psychology. That fact hardly shows that its development is insensitive to evidence. The belief that all humans have to eat to live is probably pan-cultural. If I had developed an eliminativist view of the fundamental categories of folk psychology, and if it were shown that folk psychology was a cultural universal, then indeed I would face a challenge. I would have the problem of explaining how an evidence-sensitive process goes wrong in the same way across a wide range of human cultures. But I argued in part I that folk psychology is probably right in identifying two important and distinct subsystems of our control mechanisms: decoupled representations and target representations. If that is right, just as folk biology latches (in an imperfect way) onto a real feature of the biological world, so too folk psychology latches onto a real feature of human cognition. The uniform development of folk psychology would be a problem for a learning-based theory only if folk psychology is false or if a "poverty of the stimulus" argument can be successfully mounted (for then, though true, it would not be manifest in the data).


  


  Insensitivity of development to learning abilities: The development of folk psychology seems insensitive to differences in general learning ability. Moderately handicapped children pass the false-belief test more or less on schedule. This does indeed give me pause. However, on my view there are important differences between the way folk psychology is learned and ordinary learning. Folk psychology is not acquired by relatively unstructured trial and error learning. Its acquisition is not just highly motivated: it is scaffolded and it is iterated. Developing children are subject to repeated cycles of exposure, being walked through interpretations of others in language, in stories, and in interactions with their care-givers. Moreover, it is perceptually scaffolded, and those perceptual mechanisms are intact in these children. To repeat a point I made at the end of chapter 10: I agree that many distinctive human capacities, including our interpretative capacities, are so sophisticated and so crucial that their acquisition is developmentally entrenched. It is just that I think that much of this developmental buffering is in the environment rather than the genome. So though the data do suggest that the acquisition of folk psychology is dissociated from general learning abilities, we have to hand a candidate explanation of that partial insensitivity of development to great differences in learning capacities. The process of development is insensitizk' to evidence: One argument against a learning-based account is the claim that the process of acquisition is not sensitive to evidence. But it is not at all clear that this claim is right. There are certainly some signs that variation in evidence produces variation in development. Linguistically and socially richer environments accelerate development; children pass false-belief tests somewhat earlier. As previously noted, growing up deaf in a nonsigning environment significantly slows development. Defenders of the modularity of folk psychology sometimes argue that variation in rate is not significant. These are effects only on timing, not on core features of folk psychology." Thus Scholl and Leslie (1999, p. 139) treat these effects as mere triggering. But that is a mistake: triggering differs crucially from learning in being environmental support that is not infornmtionalh/ relevant to the developmental outcome (see, for example, the final chapter of Fodor 1981). But retardation in response to an information drought is clearly a sensitivity of process to evidence. It would indeed impressively illustrate the irrelevance of information to development if more exposure produced slower acquisition. But that is not what happens.


  


  Scholl and Leslie suggest that the evidence-sensitivity of development would be shown only by different outcomes (or perhaps by different intermediate proto-theories). Thus they say (in a note on p. 144) that:


  we agree with Gopnik (1996) that a crucial and telling experiment would be to raise a child in a radically different environment whose denizens employed a radically different ToM ]theory of mind], and then see if they developed the exotic ToM equally easily (as predicted by the theorytheory) or failed to do so, being constrained to develop our ToM (as predicted by the strong modularity theory). Needless to say, our hunch about how this would come out is different from Gopnik's.


  Here both sides are trapped by the analogy with language. An experiment with this structure would be a telling experiment on the modularity of language. If the children in question were bought up in a community of adults speaking an artificial language, we would indeed test for the existence of internal constraints on what they can acquire. For, as Chomsky as often argued, human languages are functionally arbitrary. Languages with alien syntactic organizations can code the same information as natural human languages. Thus the above experiment would help tell us whether the muted variation in languages at a single time and across time is a result of endogenous constraints on language learning. But unless the eliminativists are right, folk psychology is not arbitrary. It latches onto important features of our cognitive architecture. Raising children with a genuinely "exotic" theory of mind would be raising children to have a seriously false theory of mind. Such children would be faced with a dislocation between their culturally generated information and the information they generated from their own trial and error activities. Goodness knows what the actual outcome would be. But those of us who think learning crucial to acquisition should not predict that these imagined children would develop "the exotic ToM equally easily." For these children, the exotic theory of mind would lack trial and error support and our theory of mind would lack cultural scaffolding.


  


  In my view, then, the standard case for the evidence-insensitivity of the acquisition of folk psychology is certainly not decisive. Indeed, it is not even strong if we think folk psychology is both true and manifest in the data to which children are exposed. Friends of the modularity hypothesis typically think that our theory of mind is true but not manifest. Here they rely on a version of the poverty of the stimulus argument that I think is deeply flawed. I am rather more worried by the issue of truth. How secure is the premise that folk psychology is basically true? In particular, is it well-supported by the claim that despite the complexity of human behavior, we are very good at predicting the behavior of both ourselves and others? The Simple Coordination Thesis depends heavily on an argument from success to truth. We predict the actions of other agents successfully only because we have a more or less true characterization of their cognitive organization, and that characterization is folk psychology. Our predictive framework is a theory, and it is predictively accurate because it is mostly true (see chapter 1.2).


  I do not reject this argument. But I do not want to rely exclusively on it in establishing that folk psychology has latched onto an important feature of our cognitive organization, for it is empirically fragile in two important ways. One aspect of its fragility has already been an important theme of this book. A good deal of our predictive efficiency may rest on other cognitive adaptations for interpreting others. These include our capacity to understand social environments and the ways these constrain behavioral options. And they include perceptual mechanisms. The way someone stands and moves can signal perceptually that they are drunk and belligerent. We do not engage in belief-goal modeling to keep out of their way. Likewise, by learning their search image from experience, we can quite often predict the socio-sexual response of our friends to new acquaintances. Once more, there is no need for belief-goal modeling here.


  


  There is a second potentially fragile element in the argument from success. While we can usually assume that the world is indifferent to theorists' attempts to describe it, we can make no such assumption about the relationship between human interpretative strategies and human cognitive architecture. Agents are rarely indifferent to interpreters' attempts to predict their thoughts and actions. Our predictive capacities and human cognitive architecture have coevolved, and a lot turns on the nature of that coevolution. Consider first Machiavellian interactions - interactions in which it is in the interests of agents to mask their plans from those who would interpret them. If our interpretative strategies work well even in such interactions as these, and if prediction in Machiavellian environments depends on folk psychology, then that would give us quite a good reason to accept its truth. However, the same is not true of cooperative interactions. For in those contexts agents will attempt to honestly signal their plans to interpreters. Honest signaling undercuts the usual realist argument from success to truth. To the extent that agents signal honestly, interpretation does not need a deep causal theory of cognitive architecture. If I signal to you my thoughts or plans, successful prediction on your part requires only that you know how to decode my signals. If hominid evolution has been dominated by cooperative interaction, or if our interpretative strategies work well only in cooperative situations, then the standard argument from success to truth looks weak. Given these concerns, I rely for the minimal truth of folk psychology on the arguments of chapters 3-5 as much as I do on interpretative success.


  In section 10.8, discussing folk biology, I argued that it is an entrenched learned skill. Folk biology is built by Tomasello's Ratchet and transmitted by scaffolding developmental environments. My best guess is that this is the right view of folk psychology too. But at this stage it is important to emphasize that these analyses have to be defended on a case by case basis. Suppose, for example, I am right that folk biology and folk psychology are automated skills whose acquisition is scaffolded by downstream niche construction. This would not show that - say - folk physics can be explained the same way. Indeed, folk physics might be a good candidate for a module, since the domain of folk physics - the mechanical properties of objects - is stable and indifferent to our attempts to understand it. That said, it is also true that I do aim to put the niche construction and automated skill analysis on the table as a candidate explanation of distinctively human cognitive capacities. To do so I have argued that (a) one feature of human cognitive organization is developmental flexibility, and one manifestation of that flexibility is the construction of sophisticated automated skills; (b) hominid evolution satisfies the rather demanding conditions needed before cumulative downstream niche construction can become an important aspect of our evolutionary history; (c) the archaeological record broadly supports the hypothesis that many of the cognitive competences that support human cultural and social life have been put together by cumulative niche construction; (d) a niche construction and automated skill hypothesis is a plausible explanation of both folk biology and folk psychology. That, I think, is sufficient to make the skill and niche construction hypothesis a candidate to be taken seriously. But it certainly does not show that it is the right account of every case.


  


  1 1 .5 Coordination and Meaning


  In chapter 1.2, 1 introduced the Simple Coordination Thesis as a picture of the relationship between our interpretative practices and the "wiring and connection" facts. As I explained it, this picture includes three elements:


  1 Our interpretative concepts constitute something like a theory of human cognitive organization.


  2 Our interpretative skills depend on this theory and our ability to deploy it.


  3 Our interpretative success depends on the fact that this theory is largely true.


  In sections 4.4, 5.3, and 11.4 1 have gnawed away at the idea that our interpretative skills depend on a true theory of the psychology of other agents. Here I would like to return to another important element of the Simple Coordination Thesis, its view of the relationship between internal states of the agent and the world, for it is part of the folk picture that thoughts have content. Peter's belief that there is a beer in the fridge is about beer. According to the Simple Coordination Thesis, for it to be the case that Peter believes there is beer in the fridge, he must have structures - wiring features - in the belief subsystem of his executive control structures that are appropriately connected to the environment.


  


  Different versions of the hypothesis give different accounts of the nature of this "appropriate connection." But they all take meaning to be a specific comiectioii property of the wiring and connection facts. One idea was to take the folk notion of meaning to describe a subtle form of covariation between wiring and environment. In its crudest form, agents form a specific kind of internal structure in the presence of beer, and hence that structure is about beer. No one has ever supposed that the folk property of meaning could be this simple a covariation between aspects of the wiring and aspects of the world. But Fodor, Dretske, and others have argued that meaning was a somewhat more subtle covariation between elements of the wiring and features of the world. A second idea, associated with David Papineau, Karen Neander, and especially Ruth Millikan, is the idea that an internal state is about beer if its biological function is to direct an adaptive response to beer."


  The idea that meaning or content can be identified with a particular kind of natural relationship between the thoughts of an agent and that agent's environment continues to attract plenty of support (see, for example, Price 2001). But no consensus around any specific proposal has emerged. Perhaps time will change that. But while the argument of this book does not refute this naturalization project, it does not vindicate it. This take on the evolutionary story amounts to a change in my view. For I certainly expected there to be a relatively straightforward evolutionarY z'indicztion of the idea that representational properties are natural and causally salient properties of cognitive states. The idea was that representational properties explain the existence of cognitive states. For the representational properties of thoughts explain the success and failure of agents as they try to achieve their goals on the basis of their beliefs about their environment. This line of argument has always been controversial. One response has been to argue that in any particular case one can explain success (or failure) without talking about the truth of an agent's beliefs. For example, suppose Peter wants a beer, believes that there is a beer in the fridge, and goes to the fridge to get one. As it happens, there is indeed beer in the fridge, and so Peter finds one and drinks it. In explaining the success of this quest for beer - the argument goes - we do not need to talk about the truth of Peter's belief. We can explain Peter's acquisition of beer by explaining his fridge-directed motion, and by the fact that the fridge contained beer. We might have to appeal to his beliefs (or something like beliefs) to explain his fridge-directed motion. But nothing in our explanation of either his behavior or its success depends on the truth of these beliefs.


  


  It may be true in the explanation of success in any particular case, that the appeal to the truth of the agent's beliefs is causally redundant."' But I argued that this is not true when we consider patterns of actions rather than a specific action (Sterelny 1990). For example, one distinguishing feature of good bridge-players, and hence part of the explanation of their success, is that when they are declarer, they can "count the cards." That is, they have dispositions in actual and counterfactual situations to form true beliefs about the cards held by their opponents, and they use this information to plan their play. Counting the cards does not guarantee success. But it certainly makes it more likely. Perhaps on any particular deal, we can explain a declarer's play and its success in the same way that we explained Peter's beer-seeking above. That is, we can explain the fact that (say) North made five clubs by appealing to her beliefs about the hands held by East and West and the actual state of those hands. We do not need to appeal to the truth of North's beliefs. But we cannot (or so I claimed) explain an agent's disposition to succeed without appealing to her disposition to form true beliefs about the cards held by the defenders. Moreover, this argument can be generalized (or so I claimed) from individual life histories to the evolution of our cognitive mechanisms. Human cognitive mechanisms evolved only because they generate rich, true representations of the world. Hence (I supposed) the folk concepts of aboutness and truth must pick out connection properties of representations, those connection properties that explain why representing the world helps. Perhaps they do not do so perfectly. But these interpretative concepts pick out some real, natural relationship between minds and the world. That relationship must play a salient role in a unified scientific picture of intelligent action and its evolution (Sterelny 1990; Godfrey-Smith 1996).


  


  I still think there is something right about this idea. But the argument of this book shows that it depends on at least one unsupported assumption: namely that there is a singly coiuu'ction propcrh/ between an agent's cognitive states and that agent's environment that explains patterns of success. That assumption seems very risky indeed. This book has discussed a medley of evolutionarily significant connection properties. I have discussed single-cued versus multi-cued tracking. I have explored the difference between registrations that function to drive specific responses versus those that are decoupled from specific responses. In the last two chapters I have defended views on skill development that depend on a robust distinction between perception and cognition, and also on the distinction between developmentally buffered capacities and those that are dependent on specific environmental support - support that is often the result of downstream engineering. And this list is not exhaustive.


  Of course, this heterogeneity is not really news to those who back the hunch that there is a single connection, a single natural relationship, which is aboutness. For example, it is obvious that the covariation hypothesis fits perception best. Perhaps a certain kind of perceptual state of mine is about beer because it covaries in a subtle way with the presence of beer in my environment. But that is manifestly not true of either my beliefs or my preferences; hence, covariation accounts have to be supplemented in some way to make them more than just a theory of perceptual content. However, though the phenomenon of representational heterogeneity has been acknowledged, in my view its significance has been downplayed. Consider, for example, registrations that function to drive specific responses. Prima facie, these representations have two peculiarities. Often, the costs of error are not symmetrical, the cost of false positives differing greatly from those of false negatives. And, as Ruth Millikan (1989) has pointed out, they seem to have both indicative and imperative force. Why suppose then that there is a single natural relationship between such specialpurpose representations and the world that explains the evolution of those representations? Why further suppose that this natural relation also characterizes and explains other forms of mind-world tracking?


  These considerations are not close to decisive against the simple naturalization project. It is, for example, open to defenders of biological function-based theories of meaning to argue that these connection properties are all species of a single genus. But this does seem like a very bold hypothesis. It is not enough to find a single connection property exhibited by all the different world-mind registration systems. That property would have to explain the success and failure of agents' actions and the evolution of the representation systems themselves. That is some explanatory load. Moreover, if the picture of the evolution of cognition sketched in this book is in the right ballpark, evolutionary considerations give us no reason to expect to find a single connection property onto which the folk have locked. The good news is that the compatibility of folk psychology with an integrated science of human cognition does not depend on aboutness (or truth) picking out a single natural relation. Folk biology would not be catastrophically undermined if "species" turned out to be ambiguous; if, for example, plant species turned out to be a different biological phenomenon from animal species. Likewise, we are not faced with a forced choice between eliminativism and the Simple Coordination Thesis."


  


  1 1 .6 Something New under the Sun?


  Let me finish (at last!) by locating my general approach to human cognitive evolution in the contemporary landscape. It does not fit naturally into any of the standard models on offer, those of evolutionary psychology and human behavioral ecology. Both evolutionary psychology and human behavioral ecology are descendants of E. 0. Wilson's sociobiology. Wilson (1975, 1978) developed and defended adaptationist explanations of much human social behavior: xenophobia, sexual differences in mate choice, and the like. These explanations were subject to savage critique (Kitcher 1985). Evolutionary psychology and human behavioral ecology responded to those critiques in very different ways.


  Evolutionary psychology "went inside," shifting the explanatory focus from behavioral patterns to psychological mechanisms. I think that in doing so, evolutionary psychology (narrowly conceived) has made unwise empirical bets. The idea that the human mind consists of an ensemble of domain-specific, innately specified, cognitive mechanisms that are adaptations to specific ecological and social problems of Pleistocene foraging is a radical oversimplification of the pattern of hominid cognitive evolution (for similar views see Heyes forthcoming). It exaggerates the importance of the evolution of specific adaptations to specific problems, and ignores adaptations to variability itself. Moreover, though the evolution of new special-purpose systems very likely has been an important aspect of hominid cognitive evolution, some of these are perceptual and affective mechanisms. Indeed, most of the surprising experimental claims for evolutionary psychology concern perceptually based evaluation: male preference for a particular waist to hip ratio, or female preference for males with low fluctuating asymmetry scores (Gangestad and Simpson 2000). No one, after all, was surprised to learn that on average men are more interested in casual sex than women. Furthermore, though evolutionary psychologists assume that adaptations are innate, specialized cognitive mechanisms can be supported by downstream, often cumulative, niche construction.


  


  In contrast to evolutionary psychology, human behavioral ecology continued in a broadly Wilsonian tradition, but in a vastly more sophisticated way. It shed all association with genetic determinism. Instead of emphasizing simple patterns of behavior, behavioral ecologists emphasized conditional strategies: for example, the sensitivity of mate choice to particular circumstances (Gangestad and Simpson 2000; Simpson and Orina forthcoming). And human behavioral ecology became methodologically much more rigorous, co-opting formal models of foraging, life history, mate choice, and the like from animal behavior.


  My disagreements with human behavioral ecology are less sharp. Much of this work is very impressive, and I have parasitized a good deal of it for my argument. Even so, in co-opting models from evolutionary ecology and emphasizing the continuity of their work with work on nonhuman animals, human behavioral ecologists have understated distinctive features of human evolution. In particular, this approach underplays the importance both of downstream niche construction and nongenetic inheritance. These factors are not uniquely hominid, but they have played unusually important roles in hominid cognitive evolution, and partly for that reason have not been very central to the concerns of general behavioral ecology. Yet human behavioral ecologists are apt to boast about the extent to which, on their picture, human ecological interactions with their environment are just a special case of these general models. Thus, in their review article, Winterhalder and Smith (2000) claim


  HBE I= human behavioral ecology) benefits from distancing itself from claims of human exceptionalism and the historical attempt to isolate anthropological from collateral theory in the natural and some social sciences. Red-winged blackbirds, hunter-gatherers, and search engines on the world wide web face some of the same resource selection trade-offs. General models of scrounging apply to house wrens and hunter-gatherers; those of risk-sensitive adaptive tactics are equally at home in biology, anthropology, and economics. (p. 66)


  


  To the extent that human exceptionalism rejects evolutionary theories of our species, it is rightly itself rejected. But cumulative downstream epistemic engineering is both an unusual and an important feature of hominid evolution. Humans inherit much more than genes from their parents and their parents' generation. To the extent that these information-transmitting inheritance systems are distinctively hominid, their importance will not be captured by models built for other species. Moreover, the reliance of human behavioral ecology on optimality models makes it hard for this approach to capture the dynamics of human evolution. I shall begin with optimality models here, and then turn to niche construction and nongenetic inheritance.


  Behavioral ecologists rely heavily on optimality models. Such models have four elements: a goal; a currency in which costs and benefits can be measured; a set of constraints which characterize the agents' environment; and the set of available strategies. The models use information about both costs and benefits, and about environmental constraints, to determine which member of the strategy set best achieves the goal. That is then the predicted behavior. For example, if we are considering foraging behaviour: (a) the goal would be to maximize net calorie intake; (b) the currency would measure the food value of items in the foragers' environment, and the costs involved in pursuing, capturing, and processing the various kinds of food; (c) the constraints would specify the availability of different types of food; (d) the strategy set would specify the spread of possible foraging strategies. Given the availability of different kinds of prey, their value, and the costs of their capture, one of these strategies will give the highest average return. The model predicts that this is the strategy we will find being used. In embracing optimality models, human behavioral ecologists emphasize the ability of different groups of humans, and humans in different situations, to pick the right strategy (Downes 2001; Smith and Borgerhoff Mulder 2001). They use these models to emphasize the adaptedness of human behavior. They do so, for example, when they model female mate choice in polygynous cultures as an adaptive response to the differential resources controlled by males and differences in male willingness to invest. In such circumstances, female choice tends to equalize investment per female and a male's mating success will be proportionate to the resources lie controls (Winterhalder and Smith 2000).


  


  In focusing on the ability of humans to maximize their fitness in the circumstances in which they find themselves, human behavioral ecologists, in effect, construct equilibrium models of human evolution. Human phenotypes will vary from environment to environment, but there will be no cumulative change in the mechanisms which control phenotypic plasticity. In other words, human behavioral ecologists presiipposc rather than cxplain the fact that we behave adaptively in a wide range of environments with respect to many different problems. This is not an intrinsic feature of optimality models. They can be used to discover constraints on an agent's capacities through discovering a mismatch between actual behavior and optimal behavior (GodfreySmith 2001). Identifying such constraints in our ancestors might well help us to understand human evolutionary trajectories. But human behavioral ecologists have not in general used optimality models to map such constraints (though see Mithen 1996a, b).


  I also think human behavioral ecologists have understated the importance of niche construction in human evolution. For example, Robert Foley has developed an important model of hominid social evolution. He begins, importantly, with an attempt to characterize the space of primate social relations and an idea of their fundamental dynamic. That fundamental dynamic is driven by female resource needs, and the distribution of those resources. If female resources are distributed patchily and in small bundles, females will disperse to track those resources. If resources are patchy but rich, in large bundles, other options are possible. Since male evolutionary success is basically determined by access to females, males will follow them. Male strategy responds to female distribution, which in turn is a response to the patchiness and value of resources. Within this broad picture, Foley thinks of the hominid adaptive complex as the consequence of selffueling selection to cope with a complex social world. Such runaway selection for intelligence is usually blocked by the energetic costs of big brains, so he argues that the special aspects of hominid cognitive evolution are explained by the relaxation of the energetic costs which usually block the evolution of so expensive an organ. But the assumption that the resource characteristics of the environment are independent of social organization becomes obviously false at some point in hominid evolution. Foley's model overlooks hominid niche construction (Foley and Lee 1989; Foley 1995).


  


  In somewhat neglecting niche construction, behavioral ecologists also overlook a natural explanation of accelerated hominid evolution. It may be that there is nothing here to explain. It is hard to calibrate our baseline expectation for evolutionary change: this issue connects with notoriously difficult general problems in evolutionary theory about punctuated equilibrium and the connections between speciation and evolutionary change (Carroll 1997). Thus there may be no real acceleration of evolutionary change in our lineage. But humans do seem very different from the other great apes, despite our relatively recent divergence from the chimps. And hominid niche construction does predict an acceleration of evolutionary change by three distinct mechanisms. One was discussed in chapter 8: niche construction accelerates the pace of environmental change. But it also makes change less likely to be lost. Quite independently of niche construction, natural selection can cause large phenotypic and genotypic changes quickly. There are many examples of such changes,12 including the Grants' work on Darwin's finches, and Schluter's work on sexual versus natural selection in fish (for a review, see Schluter 2000). Such examples show that selection can generate rapid phenotypic change. The Grants (1993), for example, showed mean bill length changing as much as 6 per cent in one year." So phenotypes in particular populations can change fast. But these changes do not usually accumulate. The environmental fluctuation (aridity) that pushes beak length one way is succeeded by a reverse fluctuation (a wet year) that pushes it the other way. Moreover, species are typically ecolog>icallti fractured and hence selection acts differently on different populations. The result is often a short-term phenotypic wobble that adds to nothing. The overall record shows stasis (Sterelny 1999, 2000a).


  However, the factors that tend to prevent species-level, long-lasting, evolutionary change are counteracted by cumulative niche construction. Here one of the insights of Avital and Jablonka is very important: behavioral innovations can trigger cascades of further changes that entrench the new behavior. For the environmental changes caused by cumulative downstream niche construction are not like those of an exceptionally wet season. Consider, for example, the expansion of hominid diets to incorporate a new resource like milk. If that resource is incorporated as key element into the new dietary regime, further changes will entrench it: herding, making cheese and yogurt, and the like. Selection for lactose tolerance will be strong and perennial rather than intermittent. Such selection will not depend on what the world happens to bring, but on how the group consistently makes and remakes its world. Human niche construction stabilizes some environmental changes, and these lead to sustained selection.


  


  Human niche construction might also tend to damp down gene flow between populations. The empirical issues here are very fraught indeed, being connected to the ongoing debates between out-of-Africa and multi-regionalist models of recent human evolution. But it would not be surprising if the increasing cultural differentiation generated by cumulative niche construction made the boundaries between groups less permeable. If such differences tended to reduce migration, then local adaptations - adaptive genetic responses to high-lactose diets - would be less likely to be washed away by gene flow from outside.


  So cumulative niche construction can accelerate the pace of evolutionary change, not just by accelerating environmental change, but also by making adaptive responses to environmental change less likely to be lost. Dual inheritance is also an important factor in accelerating change. Hominids inherit more than genes from their parents. They inherit both information and developmental environments which allow that information to be used. When the transmission of information is developmentally buffered by downstream niche construction, this flow of information is reliable and of high fidelity. Furthermore, it satisfies Dawkins' important replicator condition: a variation in the information copied from generation N to generation N+l will be preserved, and the variant will be transmitted to generation N+2. Only inheritance mechanisms which satisfy the replicator condition support cumulative evolutionary change (Dawkins 1982; Maynard Smith and Szathmary 1995; Mameli 2001; Sterelny 2001).


  Nongenetic inheritance is by no means rare but dual inheritance systems of the hominid kind are not often built by evolution. As I argue in chapters 7 and 8, the preconditions of such dual inheritance14 are quite demanding. Group selection has to be quite powerful; otherwise there will be selection against information-sharing within generations. The fidelity of transmission depends both on individual psychological adaptations (imitation learning, deliberate teaching) and scaffolding developmental environments. But once social learning has been converted into a genuine inheritance mechanism, it allows rapid evolutionary change. The fruits of individual learning can become part of inherited developmental resources, and oblique transmission in the group accelerates the spread of adaptation. Imitation and other mechanisms of social learning allow an advantageous "mutation" to be transmitted to many members of the group, not just the mutant's direct descendants. The new behavior can become universal in the group much more rapidly.


  


  Human genes have thus become adapted to directing development in consort with other inherited developmental resources. Mark Ridley has recently suggested that information limits on genetic inheritance may constrain evolvability in animal lineages, for the reliability of error correction mechanisms limit the amount of information that can flow between the generations. The more information transmitted, the greater the probability that the signal will be corrupted by too much error. Ridley (2000) suggests that vertebrates might be close to that limit. This suggestion is very speculative. But one striking feature of recent hominid evolution is that the flow of information does not depend only on genes. If there are important information-load constraints on genetic inheritance, dual inheritance may circumvent them. Hominid evolution may be part of a major transition in evolution through the invention of new inheritance channels and their developmental integration with older channels. The hominid lineage may be unique not just in virtue of specific human traits - language, tool use, advanced sociality - but because it exemplifies the developmental integration of a set of inheritance channels, an integration that has expanded the space of hominid evolutionary possibilities.
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“Writn with boch larity o sigor, Thought i Htile World s 8 ichly informed
and sophisticated sccount of the evolution of complex cognition. Sterely’
argaments appeal, ot 0 much becawse they rinforce our preconception ~ on the
coutrary,we are frequently challenged - but rather hecause they ar informed, wel-
reasoned, and leave us with plenty to hink abou. Sterelny’s book could sply be
renamed Clear Thought in o Madled World and exolutionary peychologit, in
aeicular,would benefi rom reding it.” Kvin . Lok, Unisesy o S fodores

“This book i  godsend for anyone wanting o understand the evolution of human
cogaition without buying into the wholesale modularam of recent evolutionary
prychology. Demel, but clegantly, writin and replee with fscinating cmpirical
deral his ok represents  ssor advance in the philosophical understanding of
human cognitve evolution.” Funs Geei, CalfornisIntitueof rbasby

Thought in a Hostile World i s exploration of the evolution of cogaiton, especially
Hhuman cogation, by e oftoay’ foremast philosophees o biology and of mind.

“The central ea ofthe book i thatthowght s s esponse to theeat, Competitors
and enernies make ife hard by their dircc physica cfcca, Bt they alo make e
Huard by eroding cpstemic conditions. They le, They hide themselves. They secm
othee than wha they are.

Stereny wie this and reaced ideas 0 explore from an evolutionary perspective
the relasionship becween folk paychology and an integrated scienific conception of
human cogniion. In the process, he cxamines how and why humn minds have
evolved. The book argucs that humans are cogniively, socially, and scxually very

ke the orher great apes, and that desite our relativly recent separtion from
ther Tineages, human socil and cogritive evolution has boen driven by unususl
evolutionary mechanisms. In developing his own picture of the descent of the
human mind, Sterelny further offers a critique of nacivist, modular verions of
‘evolutionary prychology:

“This volume will be of vial inerest 1 scholars
coitivesience,

Kim Sterclny i Profesor of Philosophy at Victoia Usivcrsty of Wellington and at
the Research School of Social Science at the Australin National Universiy.
the author of The Represntational Thesry of Mird (Backwell, 1990) und the co-
‘uthor, with Michacl Devit, of Language and Resfity (econd editon, 1999) and,
with Pl Griffh, Sex and Desth A Intedistionto Pilbsphy o Bislogy (1999,






