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INTRODUCTION: OF GODS AND MINDS

In the sprawling shrine complex of Kataragama on the island nation of Sri
Lanka, men and women from different religions come together each year to fulfill
vows to this ancient Hindu god by offering him baskets of fruit, rolling on hot sand,
walking over burning coals, piercing their bodies with metal lances, even hanging
themselves from hooks impaled in their backs. Unlike some other gods in the Hindu
tradition, Kataragama identifies with common people and has the power to answer
worldly petitions, from cures for illness to help in passing government exams. He
does not expect sacrifice in advance, but once a favor is granted, he demands his due.

Throughout the Gulf region of the Arabian Peninsula, Muslim men and
women not only have faith in Allah but also believe in beings named jinn, malevolent
spirits, and demon possession. In order to safeguard their families from such beings
and the misfortune or illness they bring, Bedouins and townspeople alike have long
employed a rich tradition of charms, decoys, and disguises. One of the most common
methods of deflecting malevolent forces is the use of amulets, small containers or
pieces of jewelry stuffed with passages from the Qur’an believed to shield the owner
from harm. Many spirits, while dangerous, can also be fooled. A traditional method
of protecting infants, for example, is to purposely speak ill of them, or even give them

disparaging names, in order to trick evil beings into thinking them unworthy victims
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In the Pomio Kivung, a popular cargo-cult movement among the Baining
peoples of East New Britain Island, Papua New Guinea, many hours are spent each
day preparing elaborate meals to feed the spirits of ancestors who come to feast in
special thatch-roof temples. The most important of these ancestors is a heavenly
assembly of spirits known as the “Village Government.” While the ancestral spirits of
deceased kin are also given food offerings, cultivating relations with the Village
Government is especially important because it is this divine assembly that, after
judging the Baining peoples worthy, will one day return to earth in the bodies of
white people, bringing with them the technological knowledge and material resources
to turn the Baining’s land into a utopia of Western-style industry and wealth.

At the baptism of a teenage girl in a Pentecostal church in Los Angeles, the
pastor invokes the triune nature of god — “Father,” “Son,” and “Holy Spirit” — as he
immerses the young lady in a pool of water. Unlike many other deities around the
world, this being is to be worshiped and prayed to, but no sacrifices are required. In
this case, god is said to have offered himself for sacrifice, and lifelong devotion to this
being is the salvific exercise of his followers. Across the street, members of a Roman
Catholic church worship the same god, yet they also spend a great deal of time
offering prayers to a woman named Mary, theotokos, “Mother of God,” as well asto a
wide range of saints possessing special powers of their own.

Across the Japanese landscape, simple wooden arches called torii mark sacred
sites — groves of trees, rocks, waterfalls, and mountains — where nature deities, or

kami, reside. Kami are the energies that animate nature. They created the world; they
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embody the sun, moon, wind, sea, and fire; they gave birth to Japan’s first human
emperor; they prompt rice to grow in fields and lava to flow from volcanoes. In order
to honor or engage the power of karﬁi, these beings are treated as persons and given
names. In large public shrines and at small altars in private homes, the kami are
regularly revered with offerings and plied with prayers for personal health, success at

work and school, and other worldly affairs.

Around the world and throughout history, in cultures as diverse as
Mesopotamia and Mesoamerica, among people as different as the Yamana of Tierra
del Fuego and present-day New Yorkers, religion shares at least one feature in
common — belief in gods. These beings come in mémy forms. They may be the
absolute, all-powerful deities of monotheistic religions like Judaism, Christianity, and
Islam, or beings with very human behavior, such as certain gods in Roman and Hindu
religion. They may play important roles in maintaining human or cosmic harmony,
like the Wakan Tanka of the Lakota Sioux in America and the Orisa of the Yoruba in
Africa, or they may be dangerous or foreboding forces to be avoided or placated, like
the Port hozjin, a Scandinavian spirit that lives under fireplaces and floors. Thus the
term “god” can be misleading, as it is usually understood, at least in the West, to
designate some eternal, supreme deity rather than the ghosts, ghouls, spirits, minor
gods, or any of the seemingly endless possibilities found in cultures, communities,

and cults across the globe. The term “supernatural being” might be better, for it
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speaks to the full range of unusual agents that populate the systems of belief and
practice that we call religion.

Are there exceptions to this rule? No. While a handful of religions have been
characterized as nontheistic or fundamentally unconcerned With the existénce of gods
— Theravada Buddhism, for example — even a cursory examination of such
traditions reveals that supernatural beings are neither excluded from the overall
structure of these religious worlds nor wholly incidental to their outworking.
Theravada Buddhists interact with a complex cosmology filled with supernatural
beings, and they openly treat the Buddha with the same reverence garnered by any
god, despite a “formal” belief that the historical Buddha is now dead and inaccessible
to petition. As we shall see, this discrepancy between formal beliefs and “folk” ideas
is a compelling feature of religion. When a tradition’s official teachings point its
members away from gods deemed unorthodox or else forbid particular behaviors
thought to be unfaithful, people often do them anyway. Even very real, very human
people — like Siddhartha Gautama, Confucius, the Virgin Mary, and honored kin —
are deified to varying degrees and added to the pantheon of religion.

What makes supernatural beings “supernatural” varies widely as well. Some
gods are at once omniscient, omnipotent, and omnipresent, while others have limits
on their access to knowledge, are powerful just in particular ways, or can only be in
one place at one time. Some gods are superlative and live for ever; others die or can
loose their station. Some supernatural beings have a definite, material shape yet can

move freely through walls, fly, influence other objects, or read minds. Some
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supernatural beings are highly emotional; some care little for life on earth; some need
to eat despite being incorporeal.

Conversely, it is extremely difficult to think about or picture a given god
without invoking some resemblance to human beings. Hindu gods look and act like
humans, from Shiva represented as the Lord of Dance to Krishna’s flirtatious exploits
with milkmaids. Bodhisattvas live in héavenly paradises with plenty of room for
those who call on them. Ghosts, witches, and ancestors once were human. Even when
religious discussions turn to a transcendent deity like the Christian god, this being too
is described with human metaphors, thought about and interacted with as a personal
being, and is believed to have literally taken human form in the person of Jesus
Christ. In short, gods are a special category of agents that in some ways resemble or
are at least spoken about as having human-like qualities yet also possess powers,
capacities, and faculties that exceed or break the basic rules of mundane human
existence.

In whatever ways they are envisioned, gods are central to the study of
religion. This connection is not always acknowledged. Some see religion in purely
social terms, and turn gods into symbols for other ideas or else simply consider them
irrelevant. That supernatural beings matter, however, is demonstrated by their
universality across religions, by their centrality within religions, and by their
psychological relevance to religious persons. As Illka Pyysidinen points out, “When
people no longer can believe in the real existence of counter-intuitive beings [his

preferred term for ‘gods’], religion loses its power” (2001b: 70). What distinguishes
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religion from a neighborhood Elks lodge, a college fraternity, a political party, or
other kinds of social organizations centers precisely on belief in gods. This is a
distinction of consequence. The collective systems of thought and action that we call
religion‘ often include vast institutions, gather in huge numbers of people, and
inculcate lifelong ideas and behaviors. And these religious systems, in turn, have and
continue to play a significant role in the warp and woof of society at large.

While belief in supernatural beings is so common that it seems trivial, this
same triviality obscures some compelling questions. Why do people believe in
supernatural beings? And why, specifically, do they believe in these kinds of
supernatural beings? This book is concerned with answering these questions. What is
different about the answers offered here is that gods are described not primarily as
theological concepts or as social or cultural constructs but as the products of human
cognition. Explaining why people believe in gods requires first explaining the way
people think. Describing the variety and nature of god concepts and their place in
religious systems requires first describing the structure and functions of the brain.
Understanding the origin and persistence of supernatural beings requires first

understanding the evolved human mind.

Why is the subject of the human brain foundational to the discussion of gods
and religion? A complete, detailed explanation of the relation of heavenly gods and
earthly minds is the reason for this book. By way of introduction, however, two very

general responses provide the proper starting point.
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First, our mind is, quite literally, the center of our universe. Every sensation
that comes to us from the world “out there” is received, organized, and given meaning
by the tissues of the brain. Fingers, eyes, ears, and the body’s other sense organs are
crucial to this process of reception, but in fact they are merely gateways and conduits
for the brain. It is within the brain that all our perceptions of the external world are
gathered, connected with other stored information, and interpreted — from basic
stimuli like heat, taste, and light to complex symbols like mathematical theorems and
spoken words. Working with such inputs, our brains literally generate what we
assume the external world to be. As E. O. Wilson recognizes in his own attempt to
ground knowledge, “The mind is supremely important. . . . Everything that we know
and can ever know about existence is created there” (1998, 105).

But this is only half of what the brain does, for it also — and more
ﬁmdamentally —- lies at the center of our inner world. At the physical level, the
roughly one hundred billion neurons that comprise the human brain control the
biological processes of the body, from managing the movement of limbs to initiaﬁng
the onset of puberty to orchestrating tonal match when singing a song. At the
conceptual level, the brain turns basic sensory input into meaningful information,
maintains an extensive field of memory, creates a unified sense of “self,” produces
complex thoughts and novel ideas, and communicates with the outside world,
principally through language. In short, the brain is central to what comes into the
body and what goes out; it interprets and interacts with the external world, and it

governs the physical systems and mental conceptions of our internal world.
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The second reason for connecting gods and minds is that supernatural beings,
as well as the religious systems of which they are a part, are among the plethora of
mental conceptions acquired, represented, and transmitted by the human brain.
Therefore, if the arising and nature of god concepts are to be understood, it is
necessary to explore What goes into the acquisition, representation, and transmission
of concepts generally. At the level of human cognition, ideas about gods and religion
are not “special” kinds of thoughts; they are produced by the same brain structures
and functions that produce all other kinds of thoughts. As E. Thomas Lawson notes,
“Whatever it takes to explain how minds work generally will be sufficient to explain
how religious minds work™ (2000: 79). Of course, god concepts are different in
content from other kinds of ideas — and examining what makes them distinctive and
therefore universally successful is a major goal of this book — but the immediate
point is that understanding any type of mental representation, including ideas like

“god,” must begin with the architecture and operation of normal brains.

While inquiry into the nature of the mind has a long history, it is only within
the last several decades — a period of time often referred to as the “cognitive
revolution” — that a comprehensive picture of human cognition has begun to emergé.
Study of human cognition was initiated by, and continues to benefit from, dilemmas
and discoveries in seemingly unrelated fields. For example, ongoing research into
artificial intelligence has profound parallels with the investigation of biological

thought. The study of the cognitive abilities of other animals, most notably the
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primates, begs comparison with our own species. Observation of childhood
development seeks to articulate the debated relationship between innate endowment
and learning. Medical scrutiny of patients with damaged brains and persons born with
mental impairments prompts inquiries into the workings of “healthy” thought. These
and other areas of study raise compelling questions about human intelligence and
provide creative methods for finding equally compelling answers. Indeed, it is the
interdisciplinary character of what may be broadly called “cognitive science” —

now gathering in neurology, psychology, biology, archaeology, paleontology,
anthropology, linguistics, philosophy, and other fields — that has allowed such rapid
growth in our knowledge of the brain.

Of this expandihg knowledge about human cognition, three insights are of
crucial importance to the discussion to follow. First, we now recognize that though
the brain literally looks to be, and is experienced by each of us to operate as, a single,
seamless organ, it is in fact an astoundingly complex machine comprised of numerous
specialized parts, or “modules.” These modules are dedicated to specific tasks that for
the most part are executed unconsciously. Again, this applies both to tasks related to
receiving and interpreting information from the outside world and to those
responsible for maintaining internal life and thought. No one is aware, for example, of
the computational processes that add color to the objects we see, or of the mental
signals that guide the release of hormones, or of the various component parts that go

into the formation of a single idea like “friend.” Understanding the modular
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architecture of the brain and what such a structure means for conceptualization is
essential for explaining the ideas we produce, including gods.

Second, the specific modules and functions of the brain that we see today are
the result of millions of years of natural selection. The modern mind has been shaped
by evolutionary responses to the many environmental pressures faced by our early
ancestors. How we presently think is a direct result of adaptive solutions to past
problems. In this sense, characterizing the brain as “modern” is, structurally speaking,
a bit of a misnomer. When taking into account our ancestral history of roughly six
million years, we have not been “modern” for very long. The critical period in the
development of the modern mind took place from about 1.8 million to 11,000 years
ago. Thus at the most basic level of cognition, our modern brains still function much
like the brains of the Pleistocene hunter-gatherers. This turns out to be one of the keys
to understanding the nature and persistence of religious thought.

An evolutionary approach to the brain leads to a third significant insight about
human cognition. Because the modern brain, with its many specialized devices and
corresponding processes of thought, is characteristic of humans as a species, the
way people think and the ideas they produce are largely the same for everyone
everywhere. As Leda Cosmides and John Tooby point out, “the representations
produced by these universal mechanisms [of the human brain] constitute the
foundation of our shared reality and our ability to communicate” (Baron-Cohn 1995:
xii). It is because all humans possess the same cognitive hardware that we can speak

to each other — an activity that really amounts to the transfer of mentally constructed
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ideas. This means that concepts are tractable not only between people who are related
or who live in the same country but also between cultures. Ideas as basic as greeting
or as complex as ethics pass readily from mind to mind, regardless of gender,
ethnicity, or society. Readers around the world, for example, can easily grasp the
ideas found in this book, if presented in their own language — a universal cognitive
ability that is itself based on a set of evolved mental skills.

What this means is that culture is not the barrier to the study of people and
their systems of thought and practice that it has long been made out to be. In fact,
“culture” is not a thing in itself at all but is, as Dan Sperber puts it, “the precipitate of
cognition and communication” (1996: 97); that is, the products of mental activity that
are shared by other like-minded people. To speak of culture is really to speak of ideas
— and the behaviors they engender — that have been embraced, institutionalized, and
perpetuated by a community. With this #ruly revolutionary insight has come the
revisioning of a host of academic disciplines. Recognizing that the evolved human
mind stands at the nexus of basic biology and complex culture has finally bridged the
gulf separating the natural sciences from the humanities and the social sciences.
Whatever the subject at hand — art, politics, family relationships, war, and so on — it
maintains an intimate and immediate footing in the adapted information-processing
mechanisms of the modern brain.

In all of this, the study of religion also finds its place, for religion too is a
symbolic-cultural system produced by minds. “Gods” are ideas — and particularly

successful ones at that. But fully grasping this fact, and then applying it as an
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explanation for religion, is an activity only recently begun. Among the roadblocks to
a scientific study of religion is the long-standing view that religious thought is
somehow unlike other kinds of thought, and that it therefore cannot be explained in
the same way that ordinary ideas can be. At the heart of this perspective is the belief
that a “scientific” explanation of religious thought reduces away whatever it is that
makes it “special.” Another traditional misconception of religion studies is that the
tremendous diversity within religion found round the world makes it impossible
either to generalize about human religiosity or to construct a single explanatory
theory.

Obviously, even the few insights of cognitive research outlined above call into
question such perspectives on religion as well as past approaches to its study. As is
true of any class of ideas, “gods” are the natural products of evolved human
psychology, and they are therefore open to a cognitive explanation. And, since the
modern mind is fundamentally the same everywhere, religious ideas turn out to be
neither as diverse nor as culturally relative as previously supposed. The cognitive
approach reveals that the types of ideas that lie at the core of religious systems are
limited, necessarily constrained and shaped by the specialized kinds of minds we all
possess. As Pascal Boyer’s work demonstrates, the supernatural concepts on which
all religions are based comprise a surprisingly short “Catalogue of Supernatural
Templates” (2001: 78).

Findings like this one illustrate the promise that the “cognitive science of

religion” holds for our understanding of human religiosity. The appearance of a major
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theoretical approach is a rare event in any field — and rarer still in the field of
religion studies. Yet over the course of only a couple decades and still with a small
number of people working in the field, the cognitive science of religion is already
proving itself to be the most significant and fruitful approach to the subject ever
undertaken. By probing the connection between the processes and products of the
adapted human brain, cognitive research is laying the foundation for a science of
religion capable of supplying a meaningful, testable description of one of the most

fascinating aspects of human behavior.

Divine Minds: The Cognitive Foundations of God and Religion seeks to
contribute to this new science of religion by exploring the features of human
cognition that lead, naturally, to thinking about, believing in, and constructing
religions around gods. The central claim of this book is that understanding the origin,
composition, and persistence of religion and the supernatural beings it features
requires an understanding of the evolved human mind. This argument unfolds in two
parts. Part 1, “The Cognitive Foundations of God,” discusses in both evolutionary and
developmental terms the suite of mental structures and functions involved in the
acquisition, representation, and use of god concepts. Due to a long history of
adaptations designed for interaction with the world “out there” — in particularly with
others “out there” — humans today possess a powerful set of cognitive endowments
that make their minds particularly good at producing and transmitting god concepts

— and, as a consequence, religion itself. Part 2, “The Cognitive Foundations of
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Religion,” connects individual cognition with wider culture, showing how the ideas
we have of gods in our minds relate to and shape the religious systems that coalesce
around them.

Chapter 1, “The Prehistory of the Modern Mind,” pursues the question of
what the past has to do with the present. Tracing the course of evolutionary history
that led to the rise of Homo sapiens sapiens uncovers some of the selective pressures
and adaptive strategies that gave shape to the brains we all use today. Chapter 2, “The
Architecture of the Modern Mind,” shifts the perspective back to the present by
asking what our long developmental history has to do with the nature of human
cognition. Given our ancestral world, what kinds of mental structures and functions
should we expect to find in the brain, and do we? Just as important, what role do such
structures and functions, formed as they were in the crucible of Pleistocene life,
continue to play in the construction of even our most complex and “modern” forms of
thought.

Chapter 3, “Minds, Other Minds, and the Minds of Gods,” begins to discuss
directly what evolutionary adaptation and individual brain development have to do
with religious thought. Isolating the innate predispositions and intuitive processes of
cognition aids in explaining the composition of ideas about supernatural beings,
shows what it is about god concepts that makes them a natural part of our cognitive
repertoire, and clarifies the computational constraints placed on religious thought.
Chapter 4, “Gods and Why They Matter,” introduces readers to a peculiar yet

revealing feature of religious thought — the differences between god concepts as
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portrayed in official theological systems and the way that god concepts are
represented and processed by fhe human mind. It also looks more closely at the
properties of god concepts that make them seem both plausible and relevant to life,
especially their crucial links with human social psychology, and that lead many
people to accept that supernatural agents are real.

Chapter 5, “Gods and Religious Systems,” shifts the focus from how
individual minds handle god concepts to the pivotal role such concepts play in
religion. This discussion begins with another argument for the centrality of gods in
the cultural systems we label “religion” — their ubiquity in conceptual and ritual
schemes — and goes on to show that gods are necessary for fostering the
commitment, motivation, and transmission potential such systems reciuire. Chapter 6,
“Cognition and Religious Systems” uses dual-processing models of thought drawn
from social psychology and neuroscience to clarify in detail the often incongruent
relationship between cognition and culture in the domain of religion. This work in
turn grounds an original understanding of the selective forces at work on the shape
and stability of religious systems and offers a new perspective on common but poorly
explained episodes of change in religious systems, including personal conversions,
doctrinal and ritual innovations, revival movements, syncretism, and the formation of
new religions.

While several claims made in the final chapters are new, they nevertheless
owe their existence — as does every word in this book — to previous and ongoing

work by many talented people working on human cognition and its connection to
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cultural artifacts like religion. Indeed, this book is intended as a summary of some of
the more important theories, clever experiments, and conclusions currently shaping
our understanding of how religion works. The original components of this book are
merely trajectories suggested by one possible synthesis of this interdisciplinary body

of work.
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CHAPTER 1

THE PREHISTORIC ROOTS OF THE MODERN MIND

What Does the Past Have to Do with the Present?

When Charles Darwin wrote his monumental work On the Origin of
Species in 1859, he chose to say next to nothing about the implications of his
theory of evolution for our own species — Homo sapiens sapiens. Yet few of his
contemporaries failed to read between the lines. If correct, the mechanisms of natural
selection had to apply to all life on Earth. Darwin’s reticence proved well founded,
for his revolutionary idea, even without reference to human beings, set off a
maelstrom of debate and vitriolic criticism.

Despite the public outcry, Darwin carefully worked out the final phase of his
argument, The Descent of Man, which appeared in 1872. The keenness of Darwin’s
scientific insight is illustrated not only by his knowledge that evolutionary theory
would rewrite “natural history,” but also that its effects should be detectable at
biological depths below mere physical appearance. While admitting that serious
research into the subject was still many years away, Darwin saw that the forces
driving biological adaptation should reach even to the most sacred aspect of humanity
— the mind itself:

18
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In the distant future I see open fields for far more important re-

searches. Psychology will be based on a new foundation, that of

the necessary acquirement of each mental power and capacity by

gradation. Light will be thrown on the origin of man and his history

(1859: 488).

Today, psychologists and related specialists are indeed demonstrating the role
of gradual evolutionary development in shaping the structure and functions of the
human mind. The assumption behind such research, of course, is clear: We can
understand the mind of the present only by first recognizing that it is the product of
formative selection pressures in the past. As Steven Mithen notes, investigation into
the nature of the modern mind must begin with our prehistory, “for it was during that
time that the distinguishing features of the human mind arose” (1996: 7).

That such a claim should come from an archaeologist is both obvious and
fascinating. It is obvious because prehistory is Mithen’s business; it is fascinating
because archaeology is now deeply interested in human cognition. This is an
illustration of the interdisciplinary power of the developing field of cognitive science,
which only a decade ago Merlin Donald lamented was still based mainly on the study
of literate, postindustrial minds and the capabilities of computers (1991: 5). Many
traditional sciences are reorienting themselves toward cognitive concerns, thereby
making substantial contributions to the multidimensional story of human thougﬁt.

Any meaningful model of the modern brain’s structure and functions must be
based directly on the possibilities and constraints of evolutionary theory. From the

perspective of evolutionary psychology, current mechanisms of the brain are

biological adaptations that have accumulated over the long course of our species’
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developmental history. Aligning the present characteristics of the mind with past
selective préssures is not to ascribe predetermined goals to evolutionary forces; it is
simply to recognize, and attempt to reconstruct, the process of cause and effect that
produced the contemporary mind. Meeting this challenge requires both a panoramic
view of human evolution ahd an extrapolation of the kinds of selective pressures
that, progressively, resulted in the adapted brains we all use today. Once the proper
connection is made between our biological past and present, it leads on to the further
connection between our biology and culture.

It is normal to begin the story of human history at a point some six million
years ago, when humans and modern apes shared a common ancestor. But this
vast temporal distance means that there is little hard evidence of our first relative.
Fortunately, the period of evolutionary history that is central to the emergence of the
modern mind — a period of time spanning roughly 2 million years ago to the present
— is both less distant and more accessible. Fossil remains and prehistoric artifacts
that date to this period provide clues to the behavior, and therefore the cognitive
capacities, of the hominids that comprise our ancestral train.

This period of prehistory is so important because it features the specific
environmental conditions and selection pressures that shaped the modern mind.
Throughout this expanse of time our ancestors lived as hunter-gatherers, directly
competing for food with other animals while trying to avoid becoming food
themselves. Under such conditions, pressure to develop physical and mental

advantages was intense. The fossil record shows that certain hominids answered with
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crucial adaptations on both fronts. We are now able to isolate a number of adaptations
that represent key turning points in the development of our species.

In butlining the cognitive evolution of modern humans, this chapter will
clearly be focused at the level of brute existence, for it is precisely the reward of life
or death — the successful continuance of a species or its extinction — that is the
endgame of natural selection. Winning this game in our hunter-gatherer past required
poWerful new mental capacities that, in becoming permanent fixtures within our
ancestral lineage, continue to inform our thinking today.

Describing these cognitive adaptations calls for examining the nature of
prehistoric life on the ground — a life, as Tennyson’s description goes, “red in tooth
and claw.” It calls for finding the obstacles to daily existence that only one hominid
species managed to overcome, and for exploring the mental abilities that enabled it
to do so. This is not to say that the kinds of mental mechanisms that would eventually
lead to “Mgher,” “modern” modes of thought, such as art and philosophy, were not
yet being set in place — they where. However, the primary concern of survival in
a decidedly hostile environment called for more immediate, more pragmatic
developments. As Jerry Fodor nicely puts it, “It is, no doubt, important to attend to

the eternally beautiful and true. But it is more important not to be eaten” (1985: 4).

Milestones in Human Evolutionary History

Approximately 5 million years ago, in an East African landscape very

different from today, there lived a small ape with a profound future. While this
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outwardly unremarkable animal and all of its kin would soon die out, its momentary
success as a forager gave rise to two closely related yet divergent families of
descendants — modern apes, which include chimpanzees and gorillas, and humans.
We have no direct record of this common ancestor. It is precisely the lack of fossil
evidence that has dubbed the creature the “missing link.” That this common ancestor
existed, though, is demonstrable at the genetic level. By comparing the genetic
makeup of modern apes and humans — chimpanzees and humans, for example, share
ninety-eight percent of their genetic material — and measuring the rates of DNA
mutation, molecular biologists have reliably honed in on both the time of biological
convergence 5 million years ago and the existence of this common ancestral ape,
which could in no way image its grandiose legacy.

The choice of Africa as the seat of human evolution is clear. This vast
continent, which comprises about one third of the habitable landmass of the entire
planet, contains nearly every type of natural environment known and, consequently,
more kinds of animals are found here than anywhere else in the world. The most
obvious argument for Africa, however, is the physical evidence itself. Of the rich
store of hominid fossils discovered so far, those that are the oldest and represent the
greatest variety of species all come from eastern and southern Africa. In East Africa,
the majority of fossil specimens come from sites in Hadar and Middle Awash in
Ethiopia, Koobi Fora and Omo in Kenya, and Olduvai Gorge in Tanzania. In South
Africa, important finds come from places like Makapansgat, Sterkfontein, Taung, and

Swartkrans. Genetic research also suggests Affica as the Eden of human origins.
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Figure 1. Important sites of early hominid fossils.

Contemporary studies of mitochondrial DNA reveal that the gene pool shared by
Africans today is more diverse, and therefore older, than that of people from other
parts of the world. This finding supports the theory that anatomically mbdern humans
originated in Africa around 100,000 year ago — the descendents of a statistical
genetic progenitor known as “mitochondrial Eve” — and later migrated to other
lands.

Aside from the genetic evidence for a common ancestor of apes and humans,
we know nothing about the first million years of hominid evolution. Barring hard
evidence, there is no way to project a reliable picture of life at the time. But the fossil

record begins to unfold in earnest at a point 4.4 million years ago. It is generally
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agreed that the trajectory of hominid evolution following the split from the common
ancestor resulted in four categories of hominid: the genus Ardipithecus, dating to 4.4
million years ago; the gracile and the robust australopithecines, ranging from 4 to 1‘
million years ago; and the genus Homo — our own genus — which emerged around
2 million years ago. A fifth genus of hominid, Kenyanthropus, was added to this list
in 2001, following the discovery of a new, distinctly unique skull on the western
shore of Lake Turkana in northern Kenya. All told, about seventeen species of
hominids have been identified, although several of these classifications continue

to be contested, as well as the theories regarding their descendant relationships.

The fossil record begins with Ardipithecus rémz'dus, the oldest known
hominid. The first fossils of A. ramidus, which date to about 4.4 million years ago,
were discovered in the Middle Awash region of Ethiopia in 1994. Subsequent
fieldwork has yielded teeth, cranial, and skeletal fragments from some 50 individuals.
Investigation of this fossil evidence reveals a creature more ape-like than any other
hominid, including important skeletal similarities and dentition typical of leaf-eaters.
At the same time, /the hominid characteristics of A. ramidus are also evident.
Estimated to stand about 40 inches tall and weigh about 65 pounds, A. ramidus held
its head upright, had smaller canine teeth, and was at least capable of walking on two
legs. Also important to the description of A. ramidus is the environment in which it
lived. Analysis of the accompanying sediment shows fossilized wood, seeds, and
monkeys — evidence that 4. ramidus lived in forests. This finding places 4. ramidus,

in a different ecological niche than that of later hominid species.
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The next oldest set of fossils belongs to Australopithecus anamensis, a new
genus of hominid that emerged between 4.2 and 3.9 million years ago. First
discovered at Kanapoi, Kenya, in 1965, more than twenty new fossil specimens have
been found in the region in the mid-1990s. Likely a contemporary of A. ramidus, this
hominid is larger and heavier — perhaps twice as large. While the exact nature of
A. ramidus’s locomotion is not clear, leg bones of 4. anamensis show that it almost
certainly walked on two legs. It likely shared A. ramidus’s diet of fruit, leaves, and
seeds, yet A. anamensis’s habitat was riverine woodland as opposed to forest.

Starting at about 3.9 million years ago, the trail of hominid evolution is both
enriched and complicated by the appearance of two related yet regionally diverse
species known as the gracile australopithecines. In East Africa lived Australopithecus
afarensis, one of the best-known early hominids. While current fossil specimens
represent some 120 individuals, the most famous find is “Lucy,” a 3.2 million-year-
old skeleton uncovered in Hadar, Ethiopia, in 1974. Nearly half complete, Lucy’s
remains reveal a hominid more humanlike than either A. ramidus or A. anamenis.
Lightly built, with long arms relative to the legs, 4. afarensis stood between 3 and 5
feet tall and weighed an average of 110 pounds. Facial features include a low, flat
forehead, projecting face, and prominent brow ridges. The design of Lucy’s pelvis
and leg bones shows that A. afarensis was clearly bipedal, a fact further attested to
by a trail of 3.6 million-year-old footprints preserved in volcanic ash in Laetoli,

Tanzania. Yet 4. afarensis also had curved fingers and toes, suggesting that it still
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spent time in trees. While current interpretations differ, A. afarensis is commonly
held to be the pivotal ancestor along the evolutionary line toward human.

Another contender for this distinction, however, is a newly announced
hominid, Kenyanthropus platyops. Represented by a mostly complete cranium and
dental fragments discovered at Lomekwi in Kenya in 1999, K. platyops dates to
between 3.5 and 3.2 million years ago, making it a contemporary of Lucy. While no
skeletal remains exist which might tell more about the body structure of K. platyops,
the skull displays an unusual combination of characteristics that have prompted
researchers to designate the specimen as a new genus. While K. platyops shares many
traits in common with A. afarensis, including brain size, its well-preserved facial
features are distinctly different — and closer to human. Rather than the ape-like
projecting face of the australopithecines, K. platyops has a broad, flat face with small
teeth. The striking contrasts between these two contemporaries demonstrate that
hominid evolution was driven by adaptive radiation, in which new species quickly
evolve and diversify.

Another contemporary of 4. afarensis is Australopithecus africanus, which
emerged in South Africa at about the same time that Lucy was living in East Africa.
Fossil specimens of some 130 individuals have been found in places like Gladysvale,
Makapansgat, and Sterkfontein, most dating to between 3.0 and 2.4 million years ago.
The most famous representative of this species is the “Taung Child,” which raised the
ire of the scientific community when it was unveiled in 1925, In stature, A. africanus

was slightly smaller than 4. afarensis and shows an average weight of about 100
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pounds. The skull of A. africanus, however, features more human-like characteristics,
such as a higher forehead, shorter face, and less prominent brow ridges. Like its East
African relative, A. africanus combined both bipedal and arboreal locomotion and
pursued a similar vegetarian diet.

Other recent discoveries have resulted in the naming of two new, though
contested australopithecine species. A fossilized mandible and teeth dating to
between 3.3 and 3 million years ago was found in 1995 in Chad — the westernmost
location of australopithecine remains found in Africa. While this specimen shares
anatomical features in common with A. afarensis, the number of differences, taken
together with its geographical distance, has been used to justify the species
designation Australopithecus barelgazeli. Two years later, near the village of Bouri in
the Afar region of Kenya, skull and jaw fragments were unearthed that date to
between 2.5 and 2.3 million years ago. Named Australopithecus garhi, this specimen
exhibits features of both the gracile and robust hominids and therefore could represent
an important transitional species.

While the relationships between these early hominids remain unresolved, it is
clear that following the gracile australopithecines the hominid line split in two: one
branch leading to a set of more robustly built australopithecine species before
eventually coming to an end; the other branch continuing toward modern humans.
The known robust hominids, sometimes classified under the genus Paranthropus,
include two East African species, Australopithecus aethiopicus, whose fossils date to

2.5 million years ago, and Australopithecus boisei, dating to 2.3 million years ago,
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and one South African variety, Australopithecus robustus, which emerged around 2
million years ago. The bodies of the robust australopithecines where more heavily
built than those of the graciles but remained of similar size and weight. The structure
of their skulls, however, is distinctive. All three robust species have broad, flattened
faces, big, thickly enameled teeth, massive lower jaws, and a sagittal crest of bone on
the cranium that anchored large muscles used for chewing. These physical features
suggest that the robust australopithecines had adapted to harder, low-quality foods
found in savanna — a markedly different environment from the ones occupied by
earlier hominids — and perhaps, at least in the case of A. robustus, a diet that
included meat.

The robust australopithecines became extinct around 1 million years ago, their
end attributed to overspecialization and climate change. Along the second trajectory
of hominid evolution, however, a new genus emerged, one capable of adjusting to
shifting environmental conditions. This was Homo — true humans — and its first
representatives appeared in eastern Africa a little more than 2 million years ago. The
classification and descendant relationships of the habilines are still much debated, but
two species commonly thought to be direct human ancestors are Homo habilis, first
found in Olduvai Gorge, Tanzania, in 1960, and Homo rudolfensis, unearthed at
Koobi Fora, Kenya, in 1972. The crucial anatomical features distinguishing the
habilines from the australopithecines include bigger bodies, smaller teeth, larger

brains, and more dexterous hands.
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Figure 2. Species, dates, and descendant relationships in hominid evolution.

Larger brains and improved dexterity were obviously crucial both to the
habilines’ present competitive success and future cognitive development, but one
characteristically “human” result of these physical changes was the design and use of

tools. While the australopithecines may also have utilized wood and stone — perhaps

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

29



as hammers and digging tools — stone tools of regular design appeared just over 2
million years ago and are commonly attributed to H. habilis, or, “handy man.”
Among this collection of tools are sharp stone flakes and the stone nodules used to
make them. These tools were utilized both directly — the stone flakes, for example,
used to cut plants and butcher meat — and to shape other tools out of wood. This
early tool technology is known as the “Oldowan” industry after Olduvai Gorge in
Tanzania, the site where it was first discovered.

A third early Homo to emerge in East Africa, and which appears to be an
important transitional species, is H. ergaster, dating to 1.8 million years ago. In
contrast to both H. habilis and H. rudolfensis, this species features alarger, thinner
cranium and increased brain size. H. ergaster was also tall and lean, its body
proportions essentially the same as modern humans. The best-known example of
H. ergaster 1s the “Turkana Boy,” found on the banks of Lake Turkana in 1984. This
specimen — the most complete early hominid yet found — is of a male between 10
and 12 years of age. Already more than five feet tall at the time of death, this juvenile
and would likely have grown to over six feet in adulthood.

The fossil record of the early Homo species ends at about 1.6 million
years ago, when they are displaced by a prolific new species, Homo erectus. The
widespread presence of H. erectus is attested to by a particularly rich body of fossil
evidence dating from 1.5 million to 300,000 years ago. The earliest examples of

H. erectus come from sites in northern Kenya. These bones reveal a large, robustly

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



built creature with an external proje’c‘t’ing nose, strong jaws, and a flat, thick skull with
a large brow ridge and a brain capacity considerably larger than that of the habilines.

In addition to important biological changes, H. erectus represents a milestone
in human evolution in several other respects. First, H. erectus developed a superior
tool technology, known as the “Acheulean” industry. In comparison to crude
Oldowan artifacts, the stone tools of H. erectus were more complex in design and
took greater skill to make. The kéy innovation of the Acheulean technique is the
shaping of an entire stone to a specific tool form and then systematically chipping the \
stone from both sides to produce a bifacial cutting edge. Examples of new Acheulean
tools include bifacial handaxes, picks, and cleavers. These tool kits, prevalent
throughout the world, attest to a mastery of hunting skills. There is also evidence,
such as charred animals bones and the remains of hearths, that H. erectus was the first
hominid to control fire. Coordinated mass hunting and learned tool design signal the
presence of a complex social ordering of everyday life.

Second, the rise of H. erectus marks the beginning of migrations of early
humans out of Africa. This geographic dispersion is confirmed by extensive fossil
evidence of H. erectus living not only in Africa but also throughout Europe and Asia.
Remains of H. erectus have been discovered in places as diverse as Java, China, and
the Republic of Georgia. Indeed, with the exception of modern humans, H. erectus
was the most wide-ranging hominid to have lived.

The widespread movement and material culture of H. erectus demonstrate that

at this point in evolutionary history, hominids reached a momentous new stage. In the
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first place, they had clearly become adaptable to new and changing environments.
The differences between the climates and ecosystems of Africa and those occurring
throughout Asia would have been significant, yet H. erectus appears to have thrived.
Likewise, their success also suggests that hominids were now’ the dominant species
wherever they lived. While no doubt still vulnerable to other large predators, it is safe
to claim that their newfound skills in toolcraft and social cooperation changed their

environmental status from hunted to hunter. This consequential new position likely

extended to encounters with each other, or at least between differing hominid species.

Fossil remains found in Gran Dolina, Spain, dating to 780,000 years ago and
currently attributed to the species Homo antecessor, show numerous cut marks at
muscle connections. This finding is considered to be the earliest documented case of
cannibalism.

Starting at about 500,000 years ago, the fossil record shows the emergence
of new populations of early humans living in Africa and Europe that appear, both
anatomically and behaviorally, still closer to modern people. In Africa, specimens of
archaic Homo sapiens have been found in Kenya, Zambia, and elsewhere. From sites
in England, France, Germany, and Spain comes evidence of Homo heidelbergensis,
the Western descendant of H. erectus or one of the African hominids. Both of these
species had robust, muscular bodies, but it is their crania that are most striking. The
braincases of these species are taller and rounded — much like the skulls of modern

humans — and show another increase in brain size.
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Archaic Homo sapiens lived until 100,000 years ago. However, at a point
some 150,000 years ago, a new — and arguably the most famous — human relative
rose to prominence, Homo neanderthalensis. Named for cranial and skeletal remains
discovered in 1856 in Germany’s Neander Valley, Neanderthal is now represented by
hundreds of specimens that reveal common character traits, but also a confusion of
morphological relationships. Indeed, just as the original arguments over the validity
of Neanderthal was responsible for initiating the science of paleoanthropology, so
questions about the species’ fate and contribution to human phylogeny are subjects
of intense debate today. Some researchers see Neanderthals as simply geographic
variants of Homo sapiens; others believe they are a separate species that evolved
from an earlier archaic form but, failing to compete with rival H. sapiens, finally went
extinct around 30,000 years ago, having made little impact on the contemporary
human genome.

Though a highly variable species, the preserved anatomy of Neanderthals
reveal a strong, stocky being struggling to eke out a living during the harsh period of
ice ages. Male Neanderthals were 5.5 feet tall on average and weighed 150 pounds.
The facial features of Neanderthal include a low, slopping forehead, large nose,
pronounced jaws, and double-arched brow ridges. Though the skull itself is less round
than that of anatomically modern humans, the size of the brain is actually slightly
larger, likely due to Neanderthal’s greater muscle mass. Also noteworthy are
reconstructions of the vocal tract, which demonstrate Neanderthal’s capacity for

vocalization and speech, though this was probably already present in other species.
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Foﬁnd throughout Europe and parts of Asia, the remains and artifacts of
Neanderthals also witness to signiﬁcant cultural advances. Though capable hunters,
the Neanderthal’s skills were further tested by the severe cold and limited resources
of the European ice age. The use of fire was crucial to survival in glacial conditions,
as were items liké clothing, bedding, and forms of shelter. While the stone tools of
Neanderthals remained simplistic, théy are closely associated with the “Mousterian”
industry of tool making, a further improvement on the Acheulean technique. The
main innovation of Mousterian toolcraft involved first preparing the stone cores in a
way that standardized flakes and blades could be systematically struck off and then
retouched. This process not only introduced stages into the creation of stone tools but
also led to the refinement of old designs and the creation of new ones. A variety of
points used in spears appear as well as implements like sidescrappers for dressing
animal hides. The development of complex tools like spears, in which two or more
parts are combined, foreshadowed the rapidly improving tool-making cultures to
come.

Accompanying advancements in Neanderthal material culture is striking
evidence that Neanderthal cognition had opened new conceptual spaces as well.
There is evidence that Neanderthals looked after those who were injured or infirm,
implying deeply rooted social bonds, and there are numerous and widespread
examples of intentional burial of the dead, sometimes with the inclusion of objects
like personal decorations or flowers. Such activity suggests self-conscious awareness,

the development of social rituals, and a growing symbolic understanding of the world.
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Neanderthals survived in Europe until 30,000 years ago. Their disappearance
is commonly ascribed to their failure to compete with anatomically modern humans,
who, according to fossil remains found at sites in Africa and Israel, were already
present by 100,000 years ago. The first modern humans are physically distinguishable
from Neanderthals: their bodies are taller, more lightly built, and adapted for a warm
climate; their faces feature a shorter nose, smaller teeth, minimal brow ridging, and a
prominent chin; their skulls are higher and globe-shaped, with the front of the
braincase set directly above the face. In addition to large brains, early humans also
possessed the anatomical apparatus necessary for complex speech patterns, such as
the modern supralaryngeal vocal tract.

For a long period of time these first modern humans shared the world with
archaic Homo species and Neanderthal and show few cultural advances or behavioral
changes. Then, beginning about 60,000 years ago, modern humans moved in rapid
succession through a series of Upper Paleolithic tool industries — the Aurignacian,
Périgordian, Gravettian, Solutrean, and Magdalenian periods — bringing to bear
significant design innovations and using the full range of natural materials, including
bone, horn, and ivory. They also began to operate within a vastly expanded
conceptual world. Starting at about 40,000 years ago personal decoration like jewelry
is joined by abstract and representational art in the form of sculpture, engravings, and
cave paintings, the most famous of which are found in Lascaux, France. Burials are
more elaborate and ritualized, including the use of red ochre and grave goods.

Additionally, the first modern humans migrated with great proliferation, extending
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their range out of Africa to the Middle East, Europe, and Asia, finally building boats
for the crossing to Australia around 50,000 years ago. At about 35,000 years ago the
Beringia land bridge allowed them access to the Americas.

Homo sapiens sapiens’s superior intelligence and ability to exploit the natural
environment is clear; by 30,000 years ago they are the only representatives of their
genus left on earth. And yet they have barely begun to exercise their dominance and
newfound creativity. Over the final thousands of years of human history — a tiny
percentage of the five million years just covered — the pace of cultural innovation
accelerates. Modern humans learn to manipulate the world and express themselves in
profound ways — from reflective activities like philosophy to major social and
technological enterprises that include empire building and experimental science.
Along the way modern humans shift from the lifestyle of hunter-gatherers to a
sedentary existence based on agriculture and the domestication of animals. They trade
in their Stone Age tools for metal implements, develop complex sociopolitical
relationships, codify oral communication as written words, and, in the absolute last
moment of time, display a brilliance capable of producing computers, spaceships, and

nuclear power.

The course of evolutionary history highlights two features of modern humans.
On the one hand, H. sapienses sapiens are clearly different from their predecessors.
As the cultural explosion of the last 50,000 years demonstrates, modern humans are

capable of achievements far beyond those of the Neanderthals, who, for some 70,000
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years, were contemporaries. From a purely anatomical perspective, such abilities
aren’t obvious. Modern humans are principally distinguished from earlier hominids
by skeletons perfected for bipedal locomotion, by distinct skull, dental, and facial
morphology, and by larger brains, yet there is little reason to think these physical
differences of great consequence. Indeed, in many ways the modern human physique
is far more vulnerable to the natural world than that of earlier hominids, and it should
not be forgotten that several of these species thrived for roughly a million years in
environmental conditions significantly more hostile than today’s Holocene world. But
the physical differences of modern humans are accompanied by substantial behavioral
changes that herald their success. As interesting as the characters in the story of
human evolutionary history look from the outside, it is what was taking place inside
their heads that proved paramount.

On the other hand, a focus on superior mental abilities cannot loose sight of
the fact that the modern mind is the result of evolutionary development. This is no
less true of its spectacular cultural products. As Daniel Dennett points out, “All the
achievements of human culture — language, art, religion, ethics, science itself — are
themselves artifacts (of artifacts of artifacts . . .) of the same fundamental process that
developed the bacteria, the mammals, and Homo sapiens” (1995: 144). Evolution is
slow and constructive: random advantageous differences within species become
permanent adaptations that eventuate into new forms. Thus all of the hominids
discussed above, from the australopithecines to H. sapiens sapiens, stand in relation

to each other — some as direct precursors, others quite distant. Because physical
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morphology and mental abilities are tractable across time, it is impossible to
understand the present anatomy and psychology of modern humans without reference
to our evolutionary past.

These two features of modern humans — novel ability and biological
inheritance — open two trajectories of research. The first explores what it is that
makes contemporary minds so different from ancient ones. This is a difficult task.
The natural answer revolves around assumptions about brain size. Yet as noted above
(and to be discussed further in the next section), Neanderthals had a brain as large, if
not actually larger, than H. sapiens sapiens. Nevertheless, archaeological evidence
shows Neanderthals to be incapable of matching the cultural innovations of their
competitors or of summoning the imagination to do so. So brain size, while
important, is not the whole answer. The intellectual Rubicon seems, rather, to be
related to matters of cognitive structure and processing. Cognitive archaeologist
Steven Mithen, for example, locates the profundity of modern human’s not in brain
size per se, but in a fundamental reorganization of mental processing that took place
around 60,000 years ago (1996). This idea, and various other proposals regarding the
architecture of modern minds, will be discussed further on.

The other trajectory of research — and the one central to this book —
explores the mental inheritance links between the past and the present. H. sapienses
sapiens may be smart, but their current mental abilities rest on biological foundations
developed and passed along by their ancestors. This claim calls for caution. We are

not simply, as Scott Atran provocatively frames the question, “stone age minds” in a
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“space age world” (2002), but neither are we wholly disconnected from prehistoric
life. The argument throughout this book tracks the investigations of evolutionary
psychology, insisting on crucial similarities between prehistoric and modern thought
despite thé obvious differences, and claiming that many forms of thought, inclxiding
religious thought, owe a great deal to the mind’s prehistoric roots. A reversal of
Atran’s metaphor is therefore called for: We are "‘space age minds” from a “stone age
world.”

Elucidating the mental links between the past and the present involves
returning again to the long story of human evolution. This time the purpose is not
simply to identify our ancestral heritage but to uncover the specific environments and

selective pressures that gave rise to the adapted human brain.

Selective Pressures and Adapting Brains

Today most people awake in comfortable beds inside sturdy, well-heated
houses. They don prefabricated clothing chosen for the weather that they purchased
from a store, along with many other essential products. They eat balanced meals kept
fresh by refrigeration and quickly and efficiently cooked. They go about their day in
relative peace, without fear of being attacked by others or needing to look out for
hidden dangers. They navigate the social world with great freedom of expression,
picking friends and mates according to personal taste. If this picture of modern life
were typical of human history as a whole, there would be little reason to consider

links between the world and the mind. But life today is obviously not what life was
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like even a few centuries ago, let alone during the vast expanse of evolutionary
history. The environments and selective pressures that made human’s human had
nothing in common with contemporary cities, nor even with the agricultural lifestyle
often marked as the start of human civilization some 10,000 years ago. Understanding
the present design of the mind requires reaching much farther into the past, to places
comprised of jungles and savannas rather than parks and concrete — places far less
safe and predictable, times far less secure and fruitful, where interaction with the
world, both the natural and the social, was quite literally a matter of life and death.

What hasn’t changed from prehistoric to modern times is the game of life
itself. As Tim Friend has colorfully noted, there are some 10 million species on this
planet, and for the most part all are concerned with the same four things: Sex, Real
Estate, Who’s boss? and What’s for dinner? (2004). While there is a wide range of
theories regarding the driving forces of human evolution and the ways in which its
various stages unfolded over time, these four elements of daily existence, together
with the vicissitudes of life in a hostile, ever-changing ecology, comprise a short list
of the kinds of powerful selective pressures at work on our early ancestors.

Limning the contours of this process is obviously difﬁcqlt. The timescales
involved are immense, and it is all too easy to conflate them in the search for
“defining human traits.” Bipedalism, for example, evolved over four million years
ago, but the creatures that first exploited it could hardly be called human. Other

human characteristics, such as tool use, the capacity for language, the conquest of

fire, even large brains, arose progressively over millions of years, but again in
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hominids not yet human. Truly human traits — that is, traits displayed by the truly
human — emerged only 100,000 years ago, what amounts to the smallest moment in
the course of life’s development on earth. Yet it is precisely across these evolutionary
stepping-stones that we must follow after our ancestors, and the messy, muddy
ground around these footholds is equally important to an understanding of what we
have become. Evolution is interactive; it takes place at the interstices between an
organism and its environment. Its method is natural selection, the only process
capable of producing complex design, and its means is adaptation through genetic
mutation, changes in form or function that better solve survival problems. None of
this need involve oversight or foresight. William Paley might be quite right about
watches, but eyeballs and other biological systems — which, ironically, are far more
complex than watches — can indeed have natural makers (Dawkins 1986). For every
successful mutation there are many more that prove flawed and fail to propagate. But
this is the basic blueprint for constructing a modern human, and it points up the need
to clarify the changing environmental conditions and challenges of life that drove
adaptation in the direction it went rather than another.

From an ecological perspective, the human ancestral line passed through
dramatically shifting landscapes, climate changes, and biozones, all of which played a
significant role in molding the modern body and mind alike. During the last 5 million
years the earth’s landmasses continued to drift and collide, forming mountain ranges,
creating new passages, and rerouting watercourses. In this same period radical

oscillations in climate, including numerous glacial and interglacial phases, reset
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regional temperatures, affected rainfall patterns, and raised and lowered sea levels.
Such global feshufﬂing had a profound effect on the world’s flora and fauna, defining
the variety of plant life that anchored the food chain and driving the diversity of
animals feeding within it. The composition of local habitats and the level of diversity
they breed relate to the speed and nature of adaptation, as competition and encounters
with others rapidly selects beneficial mutations. This history of geological upheaval
and climatic swings is as complex as it is consequential; fortunately, we can limit the
dimensions of this changing world to humankind’s place of origin. “We are what we
are today,” writes Lee Berger, “because we’ve been shaped by our environment —
and it was the African environment that hosted almost every major evolutionary
change we’ve experienced on our journey toward being human” (2000: 8).

One of the most dramatic set changes on Africa’s ecological stage took place
at the end of Miocene epoch approximately 6 million years ago. For millions of years
Africa had been blanketed in lush tropical forests, offering easy travel, safe shelter,
and abundant water and foodstuffs to the arboreal primates that flourished there. Then
a new ice age, which had begun in the middle Miocene, drastically altered the African
environment. Though the ice itself never reached Africa, falling global temperatures
cooled the continent significantly. As more and more water became locked up in ice,
sea levels plunged — the Mediterranean shrank to an inland sea — and Africa
experienced an extensive period of acidification. The net effect of this climatic

change was the devastation of the Africa’s rich Miocene forests. With the start of the
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Pliocene epoch 5.2 million years ago, Africa featured 2 very different landscape with
a new set of selective pressures for the creatures struggling to survive in it.

While Africa’s equatorial rainforests remained, savanna and riverine
woodlands now dominated much of the continent, a rather traumatic shift in scenery
for primates equipped for life in trees. Vast tracts of grassland made movement
between wooded areas both difficult and dangerous, yet also necessary in the face of
severely curtailed resources. These grasslands welcomed the arrival of grazing
animals, but also of predators whose lives were made easier by the open country. In
the face of shifting ecosystems, Africa’s primate population was forced to adjust their
lifestyles or perish along with many other species that could not.

Environmental changes precipitate physical changes. Given Africa’s revised
terrain, it makes sense that one of the first crucial anatomical adaptations promoting
success in this new world was reliance on the hind legs. Why we became bipeds is
widely debated, but its import is not. The shift to bipedalism was likely the adaptation
responsible for the irreversible divergence of ape and hominid. What makes the
earliest hominid finds significant — what marks them as hominid in the first place —
is the evidence they show of physical capacities for bipedal locomotion, demonstrated
most dramatically by the vertical entry of the spinal cord into the base of the skull.
Yet it is still a chimpanzee-size skull we see. So this anatomical juxtaposition
provides an important object lesson in evolutionary speculation; namely, we must
avoid teleological readings of physical change. As Craig Stanford points out, “the

earliest humans were more or less upright apes” (2001: 3). The transition to bipedal
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walking was not achieved so that tools could be designed and wielded (these were
still two million years away) nor to spur explosive brain growth (almost four million
years away) but simply because upright locomotion provided selective advantages
over quadrupedal posture.

The ability to stand and move upright would certainly have enabled the first
hominids to peer over tall savanna grasses as they moved cautiously between forested
areas, yet primatologists like Stanford are skeptical of the “savanna scenario” as the
sole stimulus behind bipedalism. Other direct benefits of upright posture include a
more energy-efficient means of locomotion, reduced body heat, appearing larger to
predators and group mates, improved food-gathering techniques, and the ability to
exploit woodlands and grasslands simultaneously. This last ramification of bipedal,
hands-free living was crucial to early humans’ continuing success; becoming
ecological generalists would have provided much-needed flexibility for coping with
Africa’s altering habitats. It is widely suspected that the demise of hominid species
such as the robust australopithecines was, as for other kinds of animals, the result of
overspecialization.

Hands-free living, while providing many immediate practical advantages, also
opened up a new space of developmental possibilities for the first hominids. Standing
on two legs allowed for novel forms of interaction with the three-dimensional world,
a world for which primates already possessed a well-developed, color-sensitive visual
system. Two free hands can not only gather food more efficiently, for example, but

also carry it from place to place. Free hands also enable their owners to manipulate
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objects in the environment, such as rocks and sticks. Ever-increasing dependency on
the hands in conjunction with increasing mental acuity would have fine-tuned
dexterity to the point of, while not anticipating tool construction, allowing for it. Even
without taking complex tool-use into consideration, the advantages and creative
potential of free, grasping hands are aptly illustrated by the way modern chimps
regularly use rocks to crack open nuts, denuded stems to fish termites from their
mounds, and mashed up leaves as sponges for sopping up drinking water.

Powerful adaptations like bipedalism should not be overwrought, however. It
is all too easy to equate upright posture with more impressive capacities. The earliest
hominids represent just the first fork down a long evolutionary road, and they were
certainly not the dominant animals in their environment. Indeed, for a substantial
extent of evolutionary history, hominids were the hunted rather than the hunters.
Graphic evidence comes from cave sites in South Africa containing hominid bones,
mainly australopithecine. Contrary to the Hollywood canard of proto-humans as
hunting “cavemen,” these well-gnawed skeletal remains were apparently dragged to
their final resting places by the leopards, hyena, and other predators that hunted them
(Brain 1983). Africa’s retreating forests and roving carnivores only accentuated the
danger of predation. As intermediate members of the food chain, the early hominids
felt intense pressure to detect and escape from predators, a pressure that would have
remained even after they too developed the ability and desire to hunt.

One of the reasons that hunting is seen as important to hominid development,

though, is that meat, the yield of hunting, feeds brains as well as bodies. Large brains
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are clearly advantageous, but they are also expensive to power. While accounting for
only two percent of the body’s total weight, brain tissue consumes twenty percent of
its energy. Pound for pound, the brain burns up ten times as much energy as the rest
of the body. Meat, as a dense parcel of fats and proteins; provides a concentration of
nutrients available nowhere else. Developing a diet with substantial amounts of meat
would have been essential to support the expansion of brains that tripled in size over
the course of five million years. Just such a shift in diet is demonstrated, interestingly,
not only by the size and structure of the modern brain but also by the size and
structure of the modern gut. Expansion of the brain requires a commensurate
reduction of growth in other organs, usually the digestive system. This is precisely
what has taken place in humans, “virtually a gram for gram trade-off between the
expansion of the human brain and the reduction in the weight of our digestion organs”
(Allman 1999: 169). This trade-off works, however, because carnivores do not
require complex digestive systems. Meat, unlike plant matter and other less digestible
foods, contains nutrients that are easy to breakdown.

Nevertheless, it is unlikely that meat consumption directly kick-started brain
growth. Meat eating would not have been innovative at the time. Chimps and several
other primates also eat meat, and they will devour it when the opportunity arises.
Chimps are even known to spontaneously organize hunting parties that target colobus
monkeys, brush pigs, and other mammals. Furthermore, the fossil record shows that
early hominids were largely foragers, subsisting on fruits, nuts, roots, and vegetation.

The skulls and jaws of the robusts, for example, were unequivocal grinding machines,
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ideally designed for processing tough, low-qualities vegetable matter, another
testimony to Africa’s ancient habitat. No doubt the early hominids, like chimps, took
small rodents, baby animals, and other sources of meat when fortune offered — and
much has been made about the “scavenging” lifestyle of hominids to offset the image
of “Man the Hunter” — but hunting as a serious enterprise was likely a later
development in hominid history, best equated with H. erectus, though perhaps with
H. habilis too.

In any case, hunting illustrates another facet of the relationship between the
environment and behavior. Though chimps love meat, they actually hunt only rarely
and opportunistically. Meat is delicious and provides valuable energy, but hunting for
it expends a great deal of energy too. Despite being rich storehouses of fruits and
leaves, forests are relatively scarce in meat. The payoff for a time-consuming,
frenetic, even dangerous hunt is usually not worth the size of the kill, especially if it
has to be shared. When early hominids finally did turn to hunting as a mainstay, they
would have looked to Africa’s savanna, with its teeming herds of protein, where
creatures refitted for terrestrial lifé could test their prowess.

These two central goals of daily life, finding food while avoiding becoming
food, can both be advanced through a single strategy displayed by most primates —
group living. As a survival strategy, the benefits of group living are obvious, such as
effective protection against predation. The more individuals that make up a group, the
more eyes, ears, and noses there are to detect the approach of predators. The

scattering of large groups also confuses predators, which usually hunt by honing in on
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single individuals. While flight is the usual reaction to warning calls in the wild,
animals that stand together in groups can often, if pressed, turn away a would-be
attackér. If all else fails, being a member of a group reduces the chances that any one
individual will fall victim to predation, adding a subtle twist to the adage that there is

safety in numbers. Group living is particularly relevant to the African landscape, past

and present. Savanna favors the group more than the loner, the opposite of the forest.

This dynamic has shaped the lifestyles of Africa’s herding animals, as well as the
carnivores that stalk them. A gregarious lifestyle has more positive rewards as well.
Foraging efficiency goes up within consortiums of feeders, which can collectively
cover more ground, keep better track of seasonal bounties, and benefit from sharing.
Living in groups also makes it easier to defend food resources or territory from
others. And, in many primate species the group as a whole plays significant roles in
the development of offspring, including protection and instruction.

While group living by itself may not be a sufficient cause for higher
intelligence, there is plenty of evidence linking social organization and brain size. The
mammal species that possess the greatest brain-size-to-body-size ratios are generally
those that live in complex social arrangements, such as porpoises, dolphins, whales,
elephants, and wolves. This relationship is especially true, és one would expect, for
the primates, which have larger brains for their body weight (about 2.3 times larger)
than most other mammals. Humans have the largest brains relative to body size of
any species. Our brains, in fact, are nine times larger than would be expected for a

mammal of our body size, and still six times larger than for a primate of our size.
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Most interesting of all is the discovery of what part of the brain has expanded in
relation to social organization. Though researchers expected to find a correlation
between brain size and group size, what they actually found was a significant
relationship between group size and the size of the neocortex relative to the rest of the
brain (Sawaguchi & Kudo 1990, Dunbar 1992). The suite of mental skills most
closely associated with higher cognition is connected with the neocortex, and in
humans this structure accounts for approximately eighty-five percent of the brain’s
weight.

Findings like these suggest that group living not only served as an effective
adaptation of continuing value to our hominid ancestors but also that it provided the
context for new evolutionary developments, particularly cognitive ones. Group living
itself imposes powerful selective pressures. While groups accrue a wide range of
benefits for their members, they also present a number of serious challenges. Steven
Pinker wonderfully portrays some of the exigencies of social life:

There are disadvantages to the madding crowd. Neighbors compete

over food, water, mates, and nest sites. And there is the risk of

exploitation. Hell is other people, said Jean-Paul Sartre, and if baboons

were philosophers no doubt they would say that hell is other baboons.

Social animals risk theft, cannibalism, cuckoldry, infanticide,

extortion, and other treachery (1994: 193).

Every social animal walks a fine line between reaping the advantages of group living
and minimizing the disadvantages. Walking this line often requires brains rather than

brawn. It is easy to recognize the rough edges of group life in impressive battles for

male dominance, feeding order, sexuality, and other familiar animal behaviors, but
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beneath such visible displays there exists an unseen, highly intricate matrix of social
relationships that touches every aspect of daily life. Successfully negotiating this
matrix called for increasing competence in the domain of social intelligence.

The requisites for humanlike social intelligence are several, but two in
particular illustrate how living in tightly knit social groups continued to shape the
hominid mind: “cognitive capacity” and “strategic thinking.” Each of these terms
encompasses a broad range of mental skills that have served as the basis for extensive
comparative studies in primate intelligence (e.g., Whiten & Byrne 1988, Tomasello &
Call 1997, Parkerk& McKinney 1999). Cognitive capacity here refers generally to the
mental hardware that is necessary for acquiring various levels of social cognition.
Strategic thinking is used to describe the often-cunning ways that individuals employ
information within their social context.

At the functional level, interaction between individuals that goes beyond mere
responses to behavioral cues requires some basic cognitive capacities. First,
individuals must have the mental ability to keep track of others in their group: who
they are, what they are like, what their relationship is to you. This is why group size is
so closely tied to brain size: there is a limit to the number of individuals that one can
personally keep track of in a constantly changing social world, and that limit relates
to computing power. According to Robin Dunbar, chimpanzees can coexist in
communities averaging about 55 members while group sizes of about 150 individuals
would be predicted for primates with brains the size of modern humans (2000). Those

who see the growth of hominid neocortex through time to have been driven by the
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need to increase group size point to such pressures as entry into more risky habitats,

the need to defend ecological resources, and protection against rival hominid groups.
Dunbar himself favors the notion that “the need to evolve alliances to provide access
to limited ecological resources (almost certainly permanent water) was most likely to
have been the key pressure selecting for increased brain size,” particularly at the time
ancestral hominids adopted a more nomadic or migratory lifestyle (2000: 249).

A second basic feature of cognition underpinning advanced social intelligence
is awareness that other individuals think, that they possess beliefs and desires, and
that their beliefs and desires can intersect with one’s own. Such implicit knowledge is
part and parcel of what is today called a “theory of mind,” and in simplest terms it
means the ability to put oneself in the mind of another. In interacting with others we
automatically presuppose that they have mental states, and the way we interpret those
mental states is crucial to the process of social interaction. Put another way, we are all
“mind readers,” constantly monitoring what we believe others know, think, and feel
— particularly as each of these things relate to ourselves.

Thepry of mind has practical application, of course, because much of daily life
entails personal inferences about the minds of those with whom we come into contact.
When we meet up with friends or lovers we assume these are folks who like and love
us as well. Confronting those we dislike usually brings corresponding assumptions
about their own states of mind. Theory of mind is also at play when we seek to
deceive, outwit, or anticipate a rival. Lies work (or at least we hope they do) because

we make assumptions about the knowledge another mind holds or has access to.
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Conversely, theory of mind makes possible cooperation: we agree with like-minded
people. We also regularly use theory of mind to place ourselves within the social
order. We read minds as we converse, factoring in facial clues and body language.
We guess at the impressions we make on strangers, wonder at our current standing
with the boss, and estimate the feelings of those to whom we are attracted. As Matt
Ridley affirms, “One of the things that marks humanity out from other species, and
accounts for our ecological success, is our collection of hyper-social instincts” (1996:
6). Psychologists confirm what is a correspéndingly “hyper” theory of mind: Each of
us is guided most fundamentally not by what other people think of us but by what we
think they think of us.

Such evaluative thinking displays an extremely important feature of theory of
mind; namely, that it can be extended to increasing depths referred to as “orders of
intentionality.” Self-awareness, recognizing that I have a mental state (I believe x to
be true) equates to first-order intentionality. Obviously this ability sets us apart from
machines and other objects lacking self-awareness. Ascribing mental states to others
(I believe that you believe x to be true) is a form of second-order intentionality. This
is the common level of analysis noted above; when we wonder on the fly what others
might be thinking. Yet intentionality can continue to still deeper levels, as in third-
order intentionality (I believe that you believe that I believe x to be true) and fourth-
order intentionality (I believe that you believe that I believe that you believe x to be
true). In theory this regress is infinite, but studies suggest that humans are capable of

handling — though with difficulty — up to six orders of intentionality.
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Theory of mind is a critical component of human thought, and it develops
very quickly in all normal persons. As we’ll see later on, the ability to postulate and
ponder the inner workings of minds other than your own plays a central role not only
in social cognition but also in such human endeavors as fiction and imaginative
thought, including religious thought. There is wide debated, however, about whether
other primates possess theory of mind. Extensive experimental work has probed this
question (Premack & Woodruff 1978, Povinelli & Nelson 1990, Call & Tomasello
1999) and the consensus appears to be that while monkeys are incapable of second-
order intentionality, it certainly shapes ape society. Chimpanzees, for example,
recognize the difference between knowledge and ignorance in other individuals and
can distinguish between intentional activities and accidents. Second-order
intentionality is also clearly seen in the episodes of tactical deception that color ape
life. Chimps regularly deceive their group mates to obtain food and sex and to
circumnavigate the political order. Such deception requires thought about the beliefs
of others so that one can then influence those beliefs by altering information. This
activity is akin to lying, which even human children cannot do until their own
theories of mind deepen at about the age of three. Thus while it is not possible to
credit chimps with higher orders of intentionality, they do demonstrate a cognitive
capacity that evolution continued to sharpen along the hominid lineage. Dunbar
concludes that while chimps “only just aspire” to second-order intentionality,
hominids pressed to deeper and deeper levels of mind reading because larger brains

“allowed them to set aside more computing power for these purposes” (2000: 245).
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While apes may not be the profound philosophers of mind that people are,
they nevertheless use their limited attribution of mind to striking effect as they
circulate among their peers — and in this respect they are most illuminating models
for the development of social cognition and behavior in humans. As the passage by
Pinker cited above alludes, the social world is every bif as challenging as the physical
one. Group living might bring forms of altruism, but then again it might not. Friends
may abound, but enemies are nearby too. In daily life one can expect encounters with
cheaters and freeloaders, back-stabbers and two-timers, in addition to the need to
keep abreast of group politics, sexual mores, and social etiquette. For those who live
in complex social arrangements, learning to network can be as important as finding
adequate food and safe shelter is for solitary animals.

This is what “strategic thinking,” the second facet of social intelligence, is all
about. Carving out a successful life requires not just knowing that those around you
have goals and intentions of their own, but also putting that knowledge to use for your
own beneficial ends. However negative it may sound, one must be socially clever
because social creatures exploit one another. Richard Byrne and Andrew Whiten
coined the provocative term “Machiavellian intelligence” to capture this reality of
group living, arguing that primate intelligence arose as an adaptation for social
manipulation (1988). Living with conspecifics who are after the same things as you
are results in mental parlay rife with deceit, favors, bribery, nepotism, cheating,
retribution, friendships, alliances, coalitions, and power plays worthy of the famous

Italian Renaissance prince.
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In such a competitive environment, the value of increasing intelligence
multiplies. The basic need to keep track of others includes more than memorizing
faces and kinship. To succeed among peers individuals must become adept at pairing
such implicit knowledge with explicit information. Knowing what others are like,
what their beliefs and desires are, and how you might play into them requires the
ability to properly read signs, signals, and minds. Thus group living turns largely on
the acquisition of reliable information — information that must be continuously
filtered, checked, revised — and once such information is acquired, applying it in
advantageous ways. It is the behavioral application of information-rich social
intelligence that bears witness to strategic thinking,

Information takes many forms, of course. There is information about the
world at large that is essential to the entire group, such as the location of ripe fruit or
imminent danger. Vervet monkeys on guard duty sound a warning when predators are
spotted, using different vocalizations to communicate what to watch out for: a loud
barking call for leopards, a short cough for eagles, and a chattering sound for snakes.
There is information about individuals that is vital for group stability and peace:
which male gorilla holds supremacy at the moment; who are his supporters; which
females are receptive to mating. There is information crucial to interpersonal
relations. Chimps maintain a running tally of favors and grudges held toward other
group mates, organizing daily commerce on elaborate systems of quid pro quo.
Information, then, is not only necessary to the day-to-day functioning of social life

but can also be viewed as a commodity. One might decide to keep information to
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oneself, share it with select individuals, or disseminate it to the whole group,
depending on specific needs and goals. In friendship, sex, and politics, strategic use
of information is an invaluable skill. This is true whether we’re speaking of apes,
hominids, or humans, of the Pliocene, Pleistocene, or the present.

Despite the difficult demands of group living, it should not be forgotten that
cohabitation evolved for positive reasons. New adaptations arise only if their benefits
outweigh their costs. Intra-group pressures are a side effect of living with others,
which itself proved more advantageous than living alone. What is more, group living
is responsible for the development of the very attitudes and behaviors that are

27 ¢k,

sometimes said to confound evolutionary origins. Words like “virtue,” “trust,” and
“morality” have a transcendent ring to them, but they fit perfectly well into a natural
world where cooperation benefits everyone (Axelrod 1984, Cosmides & Tooby 1992,
Ridley 1996). The most successful animals are those possessing cooperative instincts
and social bonds. Common behaviors like long-term parenting, benevolence,
generosity, even sacrifice do not render self-interest and mutual aid incompatible;
rather, they highlight the subtle forms of reciprocity that are a hallmark of life on
earth. As Robert Wright affirms, “Altruism, compassion, empathy, love, conscience,
and the sense of justice — all of these things, the things that hold society together, the
things that allow our species to think so highly of itself, can now confidently be said
to have a firm genetic basis” (1994: 12). But of course genetics doesn’t determine

behavior, it remains the decision of each individual whether they will turn genetic

traits into character traits.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

56



57

It is highly likely that the challenges and opportunities associated with group
living were responsible for pushing hominid cognition along the developmental
trajectory that culminated in the modern human mind. This development was fueled
by many evolutionary feedback loops, only a few of which are mentioned above. In
the facé of sweeping environmental change, proto-humans responded with alternative
lifestyles and anatomical alterations. Success in these new ways of life depended in
part on increasing group size, the befter to meet internal needs and confront external
threats. Increasing group size drove the growth of larger brains and honed social
intelligence. Large, well-organized social groups produced greater quantities of high-
quality foods like meat, which in turn helped feed this brain growth. Much has also
been made of meat as one of the first forms of currency, a coveted resource that could
be traded, just as it is in contemporary primate societies, for social gain. Skilled hands
played their role in the process, too, allowing for the production of tools and
escalating efficiency at hunting and gathering. In short, the solutions to problems
faced in our ancestral past served as the building blocks for our present.

Missing from this picture, however, is the evolutionary development most
often held up as the quintessential attribute of humanity — language. Though
students of animal behavior, particularly primatologists, would argue vehemently
over what constitutes language, it is clear that human vocalization entails much than
simple communication, a skill that most living things are capable of. Human speech
reflects the unique adaptations of minds that make possible a symbolic structuring of

the world, the sharing of which has profound consequences for practical living. It is
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the use of language that has resulted in the unique complexity of human social
behavior and organization — from the intricacies of marriage and family life to the
formation of governments and nations — as well as the discovery and furtherance of
knowledge that has made H. sapiens sapiens the dominant species on earth.

The evolution of language is a controverted subject sometimes mired in
debates over linguistic definitions and concepts. Here primatologists help to clarify
the origins of language by reminding us of what language really is: “Language is a
social behavior. It evolved in a context in which getting points across had some
survival and reproductive value” (Stanford 2001: 152). Vocal communication is an
adaptation to group living, and as such is another variable in the positive feedback
loop resulting in modern human intelligence. It should be noted, for example, that
part of the increase in brain size diéplayed by the genus Homo is due to the
enlargement of the several brain structures that are dedicated to the perception and
production of speech.

For Dunbar, the evolution of language is immediately linked to the two
primary demands of group living: maintaining social bonds and staying informed
about others (1997). Among primates, group cohesion and social relationships are
sustained through grooming. Some species can spend as much as twenty percent of
their day grooming one another, though individuals focus most of their attention on
relatives and close friends. Social interaction of this sort is impossible in large groups,
where direct personal contact would simply be too time consuming. With increases in

hominid group size, a more efficient method of social bonding was required.
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Language filled this need. With respect to efficiency, conversation is superior to
grooming in at least two ways. First, while grooming is an intensive, single-minded
task, conversation can easily take place in combination with other activities. Second,
while grooming involves only one other individual at a time, speech can be addressed
to several individuals simultaneously.

The real revolution of language, however, lies in the way it fulfills two crucial
social functions at once. As a bonding mechanism, conversation is more efficient than
grooming, but it also allows for an unprecedented exchange of information. Much of
the content of speech includes information about the environment important to daily
life. Yet the emergence of language in the context of group living also serves as an
effective means for gaining information about others. Just as talk can reach more
people than hands, talk allows us to learn about people without actually engaging
them ourselves. Conversation about third parties greatly exi)ands our base of social
knowledge — who’s trustworthy, who’s a cheat, and so on — and it conveys as well
a deeper understanding of individuals, since other peoples’ experiences of them can
be added to our own. Herein lies the source of our fascination with gossip. As Dunbar

- reports, analyses of everyday human conversation reveal that we spend about two-
thirds of our time musing over social relationships (1993, 1996). Our over-size,
gregarious brains are matched by a proportionate propensity to talk about others. A
contemporary behavior like gossip is one of the most visible bridges between past and
present. While it’s easy to disparage the tremendous popularity of such cultural

events as “reality TV,” the success of this seemingly vacuous programming makes
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perfect sense in light of evolutionary psychology. And we mustn’t neglect the other
side of the coin here. While large amounts of conversation are devoted to learning
about others, we expend quite a bit of effort using it to advertise ourselves, since
buoying up our own reputations is equally important in the game of society,

The fossil record suggests that language appéared relatively late in human
evolution, and is best aligned with the appearance of archaic H. sapiens. It was at this
time that the predicted correspondence between group size and brain size was reached
and, as anatomical studies reveal, the larynx had descended to its current position. A
“voice box” set deep in the trachea is necessary for creating the full range of sounds
that comprise human speech. Additionally, it is at this point that an asymmetry in the
two hemispheres of the brain can be detected; then, as today, the left half of the brain,
where language centers are located, is larger than the right. Once established,
language continued to mirror new cognitive developments. The information content
of language did not remain focused on ecological and social news but became the
conveyor of cultural knowledge as well. Just as chimps learn to fish for termites by
watching their elders, so hominid hunting techniques, tool craft, and other life skills
could be perpetuated through direct instruction. As a system of symbols, language
also provided a format for abstract communication ranging from long-term planning
and inter-generational education to belief systems and artistic expression. These
mental activities appear to differ from our own only by degree; the separation

between humans and other species, however, is certainly one of kind. Our ability to
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think and communicate our thoughts through language allows us to evaluate,

transform, store, and pass on information to degrees that no other animals can match.

The Cognitive Niche

The story of human evolution has many versions. Most people working in the
field agree on the overall narrative, but opinions vary widely on the details. Filling in
the scenes of humankind’s developmental history, particularly its cognitive history,
involves a fair bit of speculation. The relevant expanse of time and limited hard
evidence severely curtail the level of certainty one can muster with respect to
evolutionary cause and effect. As new discoveries are made — and a consortium of
disciplines contributes them regularly — additional chapters are added to the story,
while others are fleshed out or even rewritten. It is important to note, though, that
regardless of the unfolding of specific events, the story’s plot remains unchanged. As
a scientific explanation, Darwinian theory has demonstrated a remarkable integrity.

In the attempt to understanding the nature of the modern human mind, three
large lessons can be taken from a reading of this story. The first is that who we are
today, including how and what we think, is the result of natural selection. Mental
capacities, just like physical form, represent adapted solutions to past problems. Our
minds evolved in conjunction with our ancestral ways of life. The second lesson is
that however and whatever the present structures and functions of human minds have
come to be, these structures and functions are species fypical. Unlike many other

animal groups, the genus Homo is a set of one. While there are differences between
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common human ethnic divisions — skin color, language, lifestyles, etc. — there is,
nonetheless, no consequential biological difference between any people anywhere. So
it is not only possible but also proper to speak of the modern mind in the singular. All
humans possess the same brain. More important still, all humans use their brains to
think the same way. They do not necessarily think the same things — though, as we’ll
see, they usually do that too — but as thinking itself goes, all humans everywhere use
the same set of cognitive processes to generate their particular set of thoughts.

The third large lesson of evolutionary history for students of the modern mind
involves how best to place humans in nature. All life on earth now exists or survived
for its time in the past because it was designed and equipped to exploit a particular
environmental niche. Intense competition for limited resources requires species to
specialize in ways that enable them to carve out space for themselves in a crowded
world. The spectacular diversity of living things today is the result of successfully
finding new places to live and reproduce. Hominid evolution was not different in this
respect. Faced with changing habitats, cunning competitors, and ruthless predators,
early humans too felt tremendous pressure to ecologically relocate or perish. The
direction of their development was both novel and effective: they got smarter.

On the surface this strategy seems obvious — at least its advantages seem
obvious. But notice too that it is a strategy that is extremely rare. Despite all the
advantages of intelligence, it is just one option open to natural selection, one, in fact,
hardly ever taken and pushed to a high level in only one species. There are two main

reasons for the paucity of smart creatures. One is that “smart” is a relative term. If by
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smart one means the ability to survive — the only meaningful goal of life — then
every extant creature must be considered smart. The bottom line of existence is more
existence, not writing poetry or building cars. So on this criterion the “smartest”
animals would be wriggly things like insects and reptiles, which have lived on
through hell and high water, and in many cases largely unchanged, for a vastly longer
stretch of earth history than any mammal, let alone humans.

With respect to “smart” as we commonly mean it, the obstacle is one of
economy. Intelligence is at least structurally related to bigger brains. Intelligence is
the product of computer power, and that requires brain space not already devoted to
other basic tasks. Here the neocortex, the outer layer of the brain largely unique to
mammals, is implicated. But developing a bigger brain requires serious justification.
In the constructive work of natural selection, just as in house building, the project will
not continue if cost exceeds profit. And, as we have already seen, brain tissue is an
extremely expensive material to produce and maintain. Starting already in the womb,
the largest portion of the nutrients available for growth, some seventy percent, is
routed to the brain. Newborns, whose brains are still developing at a rapid rate,
continue to divert about sixty-percent of their body’s energy for the purpose. And this
metabolic greed continues throughout the life span, though in adults the brain’s
energy consumption finally falls to about twenty percent.

There are many other problems that come with carrying around a big brain.
Animals with big brains have to spend more time feeding to get the fuel they need,

and the more time spent feeding the greater their exposure to predators. Heightened
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fuel demands also makes one vulnerable to times of famine and draught. Having large
heads increases their owners’ susceptibility to serious injury, Whether during fights or
accidental falls. For females, giving birth to large-headed children is a life-threatening
proposition, particularly if their pelvis has already been compromised for upright
walking. The anatomical limitations imposed by a restricted birth canal means that
large-brained animals like humans need to go through an extended period of
development outside the womb that includes a phase of utter helplessness and many
years of dependency. This in turn translates into a small number of offspring for
parents, who must devote their time and their resources to child rearing. Finally, lot’s
of computing power does not necessarily equate with speed, which in the wild, on the
hoof, is one of nature’s best defenses. In situations of life and death, reacting with
reflection rather than instinct will often be fatal.

For all of these reasons, animals with big brains are rare in nature, and only in
our species have brains ballooned to such proportions. That the route to intelligence
was taken at all, however, implies that intelligence can overcome the additional
challenges. While large brains require constant feeding, smart creatures find more
efficient gathering and hunting techniques and eat better foods. They devise more
effective defenses against danger and wiser strategies for preserving territory and kin.
They see tools where other animals see only rocks and sticks. High intelligence like
our own can go even further, allowing us to enter entirely new habitats, to exploit
multiple ecosystems at once, even to reshape the environment to fit our needs. All it

takes is the requisite brainpower.
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For this reason students of human evolution like John Tooby and Irven
DeVore have aptly identified our place in nature as the “cognitive niche” (1987).
Where every other species can boast a particular physical prowess, either subtle or
brute, humans bully with their wits. If forced to face any of a great number of animals
hand to hand, even the strongest man would not fare well. Let the man bring along a
spear, an axe, or even just a sturdy branch he’s shaped into a club and the odds get
considerably better. But why take even this risk? Why not find ways to avoid dangers
altogether, or at least confront them with the help of others, thereby lessening the
danger still further? There is a host of new possibilities open to consideration, if only
one is clever enough to consider.

The brain, of course, is where considering occurs. That the brain would
become the seat of intelligence makes sense given that “considering” amounts to the
processing of information and the processing of information is what brains are
designed to do. At the most rudimentary level brains process information about the
bodies to which they belong, using this information to keep the functions of life
running smoothly. Brains also process information received from the outside world
and answer this stimuli with an appropriate bodily response. At first blush this may
not be extremely impressive, particularly since it applies to worms as well as to
whales, yet it should be. Even the simplest brain, like each bit of living flesh, is a
marvel of engineering with an astounding evolutionary history. The immediate point,
though, is that brains, from the primitive to the complex, are fitted to the same task —

gathering and translating information. It is certainly no small thing to make a little,
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weak, and simple information processor large, powerful, and complex, but it’s
precisely the place where one would begin. Eschewing redundaﬁcy as well as waste,
natural selection works with what it has.

It also makes sense that natural selectioh would move hominids ever further in
the direction of improved information processing. Regardless of the species, survival
turns on making correct choices with respect to food, safety, and mates, and these
choices are substantially aided by more and better information. The type and quality
of the information processor that each kind of animal possesses mirror the specific set
of problems it has to solve. As we have seen, the selective pressures at work on Plio-
Pleistocene primates came not only from the natural environment but also from the
social one. Group living contributes a set of problems that require mental solutions.
The result was what is frequently referred to as a “cognitive arms race,” in which
increasing improvements in the acquisition and use of information bestowed
advantages. As Tooby and DeVore point out, the products of this cognitive arms race
are reflected in the adapted brain. In the cognitive niche, fitness equals intelligence.

Before turning to look at what the human brain is like and how it thinks, it is
necessary to clarify a crucial anatomical point. Throughout this chapter much has
been made about brain size. We humans have the largest brains relative to our bodies
than any animal that has ever existed, and it is no coincidence that we are by far the
smartest as well. Part of the obsession with brain size is the intuitive logic that bigger
is better, and when it comes to functions like processing power and storage this is

certainly true. The fossil record also graphically illustrates the centrality of brain size.
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Figure 3. Growth in brain volume along hominid lineage.

The first skull fragments to be recovered date to between 3.9 and 3.0 million years
ago, and the evidence becomes richer as one travels forward in time. If a flipbook
were made using images of each successive fossil find the most striking movement to
be seen while flipped through its pages would be the morphing, expanding cranium.
From the conical, chimp-size skull of little Lucy to the spacious orb of H. sapiens
sapiens, the heads of hominids have swelled and rounded to accommodate
progressively larger brains. Even this anatomical redesign was not sufficient to meet

the demand; cortical tissue is a sheet of folds and fissures that allows still more
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surface area to be packed into a limited space. Endocasts (models of the inside of a
skull) tell us the capacity of these ancient skulls and reveal important clues about the
structure of the brains they held. The bottom line is that the hominid brain
approximately doubled in size every 1.5 million years.

But the fossil record tells us something else as well, something a bit more
subtle yet of tremendous importance. When it comes to intelligence, a bigger brain is
better, but it isn’t everything. Note, for example, that the Neanderthals had brains as
big as ours and yet the available evidence suggests that they made no significant
advancements on the lifestyle of the day. The cultural signs of higher intelligence,
such as complex tool design and art, were left by others. What is more, the overall
expansion of the hominid brain was not linear. During the course of evolution the
brain actually grew and shrank several times, with two major spikes in brain size
occurring around 2 million and .5 million years ago. The first event is usually
correlated with the appearance of the toolmaker H. habilis, but the second event
remains unexplained. Finally, what is normally recognized as the “cultural explosion”
beginning about 50,000 years ago was indeed the work of H. sapiens sapiens, but this
date falls well after the size of the modern brain had stabilized. Given this pattern of
brain expansion and visible behavior, Mithen argues that “there is no simple
relationship between brain size, ‘intelligence,” and behavior” (1996: 11).

Having a big brain is important, then, but there must be more to it than sheer

27 Ll

mass. Talk of a “growing,” “expanding” brain conjures up images of a ball of tissue

pulsing and heaving into larger and larger forms. The development of the modern
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human brain, and hence of modefn human intelligence, is not the result of repeated
mental overhauls. Natural selection does not fmplement grand sweeping changes, nor
is intelligence merely the result of a proto-human brain that was somehow super-
sized. The secret to the power of the modern brain is primarily structural in nature,
the way it is wired internally, the processes by which it achieves its calculations — in
short, the way it thinks. Architecturally speaking, mammalian brains share a common
design, and the similarities are even more apparent in primates. It’s mainly what goes
on inside the human brain, the structures and functions of cognition itself, that makes

us so different.
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CHAPTER I

THE ARHITECTURE OF THE MODERN MIND

What Does the Present Have to Do with the Past?

Even upon close inspection, the modern brain is a rather uninspiring sight,
a mass of pinkish-gray, jelly-like material whose function is as inscrutable as its
wrinkled, bulbous form. And yet this three-pound organ, the composite of
approximately 100 billion nerve cells and supporting tissue, is the seat of all that is
human — more, the nexus of every human’s world. It is the brain that oversees the
life of the body, monitoring its well being, regulating its growth and development,
coordinating its movements. It is the brain that interprets what exists beyond the
body, translating and organizing the various forms of stimuli sent to it via the sense
organs into recognizable patterns. It is the brain that creates a sense of individual self,
washing experiences and perceptions with colorful emotions, harboring a lifetime of
personal memories, decoding and formulating expressive language, and executing an
astronomical number of thoughts ranging from the simple to the sublime.

By anyone’s lights, the modern human brain is extraordinary; a marvel of
organic engineering whose blueprint is only barely understood. Yet all of it, from its
peculiar shape to its powerful calculations, is the result of selected adaptations

70
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accumulated over the course of hominid history, a testimony to the handiwork of
evolutionary processes. This vital connection between present and past cannot be
neglected by any study of human thought. In the same way that our now largely
hairless skin still responds to cold with goose bumps and our slate of internal organs
includes obsolete parts, the contemporary skull carries around an assemblage of
neural tissue designed long ago. Nevertheless, this assemblage of tissue represents
nature’s best effort at intelligence as a tool of survival, and it is impressive indeed.
The previous chapter sketched in some of the details of the formative history
of the human mind. This one will provide a similar line drawing of the brain itself:
What are its structures and functions? How did these structures and functions come to
be? How does cognition work? Most important of all, what does a brain assembled in
an ancient world so very different from our own have to do with the way we think
today? Answering these kinds of questions requires the aid of the powerful new
‘discipline called evolutionary psychology, a recent synthesis of evolutionary biology
and cognitive psychology. The fundamental premise of evolutionary psychology is
that the complex design of the modern brain evolved through natural selection.
Understanding the processes and products of the mind therefore requires close
attention to their evolutionary background. As Robert Wright says, “If the theory of
natural selection is correct, then essentially everything about the human mind should
be intelligible in these terms” (1994: 28). True to such predictions, the work of
evolutionary psychology is yielding striking insights into the architecture of the mind

and human behavior alike.
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There is a second side to the study of human cognition, however. While we
were designed to live in an ancient natural world, we no longer do. It has been tens of
thousands of years since humans have subsisted in conditions conducive to evolution.
When one learns to tame and manipulate the very environmental and biological forces
that drive natural selection, they lose most of their punch. That means that our brains,
whatever they are like, are currently being put to use in novel and, importantly,
nonadaptive ways. A day in the life of a Pleistocene hunter is a far cry from a day on
the stock exchange or an assembly line. Stone-Agers probably reflected on the world
around them, but it is doubtful that atomic theory helped shape their conclusions.

This situation highlights two significant aspects of human thought that will
become clearer as we look more closely at mental products such as religion. The first
is that the mind is flexible; though our brains have been genetically predisposed to
specific ways of thinking, we are quite capable of plying them to more generic and
creative ends. For example, you can co-opt our innate theory of mind to personify and
berate your insentient computer — something most of us in fact do when they turn
against us. Following on this is the further recognition that a great deal of what we
think is rooted in mental predispositions. This reality is inherent to the kinds of brains
we all have. The human capacity for imagination is immense, but it is also
constrained by the functional design of our minds. A host of behaviors and varieties
of thought that typify twenty-first-century life can be characterized as nonadaptive

by-products of cognitive mechanisms originally designed to serve other purposes.
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What most exercises evolution’ary psychologists is the discovery of the mind’s innate
faculties, their adaptive origins, and their contemporary expressions.

Alongside the adaptationist frame of reference contributed by evolutionary
biology, the most valuable conceptual tool for understanding the nature of the human
mind has been cognitive psychology’s analogical comparison of brains with
computers. Over the years many attempts to describe the mind have been colored
with technological comparisons, but likening brains to computers is much more than
metaphorical language. Brains are computers. It makes no difference that computers
are conglomerates of plastic, metal, and silicon while brains are wet, organic tissue.
Computers, as Alan Turing defined them, are sets of operations for processing
information (1950). The physical nature of the machine itself is only tangentially
important since many kinds of devices, from an abacus to Turing’s own mathematical
abstractions, can process information. With respect to “hardware,” then, both brains
and computers are information processors that accomplish tasks by executing sets of
computational operations.

In terms of “software” the analogy between brains and computers is exacting
as well. What is essential to a computer is not its materials but what it does, its
activities — in short, its programs. The programs of the brain, the computational
activities it executes in its work of information processing, are reflected in the mind.
Though attention to the brain’s overall design and circuitry is certainly important to
understanding what human thought is like, it is even more crucial to focus on the

bundle of internal programs that comprise the brain’s mental software. While perhaps
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drifting a bit back into metaphor, it is useful to call the brain hardware and the mind
its software. A computational theory of mind, however, is by far the most powerful
explanatory approach to mentation ever conceived,; it is both accurate and amenable
to testable hypotheses. It also provides a clean answer to the perennial mind-body
problem. From the perspective of cognitive psychology, the mind is the activity of the
brain.

This chapter describes some of the features of the modern mind by reporting
on the work of evolutionary psychologists and other specialists who are hacking into
the programs that underwrite the brain’s mental software. Though what we know, and
what we think we know, about the inner workings of human thought has filled many
volumes, the following, more modest survey will concentrate on a handful of
cognitive processes that play a direct role in the subject of the rest of this book — the
phenomenon of religious thought. While it’s the brain’s software that interests us

most, a first brief overview of the hardware itself is in order.

The Development and Structure of the Brain

The story of the human brain does not begin at birth but at conception. The
blueprint for each piece of biological hardware is located in a child’s genes, a unique
arrangement of DNA contributed, half each, by mother and father. Within hours of
the union of sperm and egg, the factory that will build the newest human computer
has already geared up for production. This single fertilized egg rapidly multiplies into

a staggering number and diversity of new cells that will become a person. The
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construction of the brain and all the rest is guided by a schematic millions of years in
the making. And there is no room for error. The network of brain cells must be wired
just like everyone else’s, allowing each of us to perceive the world in the same way,
to think in the same terms, to behave in similar ways, and to understand the same
symbols and language.

The real work of brain construction starts at about day fourteen, when the
sphere of multiplying cells begins to fold in on itself. A section of the outer layer of
the embryo migrates inward, resulting in the formation of three cell layers, the
mesoderm, endoderm, and ectoderm. It is from the ectoderm that the brain develops.
In this earliest stage the brain consists merely of a thin layer of cells on the surface of
the embryo called the neural plate. The neural plate next folds in two, creating the
neural groove. This groove then closes completely, forming a hollow structure called
the neural tube, which provides the building material for the central nervous system.
One end of the neural tube will extend to become the spinal cord. The central portion
will provide the brain’s ventricular system. The structures of the brain itself will
emerge from the opposite end of the neural tube. All this development occurs with
breathtaking speed. By the eighth week of growth, each of the majof components of
an adult human brain is already present in the fetus.

The building block of the brain, as for all organs, is the cell. There are two
main types of brain cells: neurons, which analyze and transmit the electrochemical
signals that are the basis of mental communication, and glial cells, which provide

developmental, structural, and functional support to the neurons. Neurons are
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elongated cells of varying lengths composed of three structures: a cell body called the
soma, a system of branching dendrites attached to the soma, and a nerve fiber
extending out of the soma called the axon, which carries the electrical signals
between connecting neurons. The axons of most neurons are insulated by a sheath of
myelin, a substance made of fat that speeds the conductivity of nerve fibers.

Neurons communicate with each other using impulses that race from the
dendrites of one neuron, through its soma, and out its axon to the dendrites of the next
neuron. These impulses are propagated electrically within each cell and transmitted
chemically between them. In a typical process of intercellular communication, the
dendrites of one neuron receive a signal from the axon of another neuron using
chemicals known as neurotransmitters. When an electrical signal reaches the tip of an
axon, it stimulates small vesicles that contain neurotransmitters. These chemicals are
released across the microscopic gap, or synapse, separating each neuron and attach to
specialized receptors on the dendrites of the adjacent cell. This stimulus sparks a fresh
electrical charge in the receiving cell that travels from the dendrites to the soma
where it is analyzed, integrated, and transmitted along the axon again. Neurons are
able to produce an electrical impulse using charged ions — positively charged
potassium and sodium, and negatively charged chlorine — which, when depolarized,
propagate signals along the cell membrane to the end of the axon, which may be up to
three feet in length. When the electrical signal arrives at terminals in the tip of the

axon, neurotransmitters are released that convey it onward once more.
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The work of the brain requires more fhan cell-to-cell signal transmission,
however. Even the simplest behavior involves the organization of thousands of
neurons, Feeling, acting, and thinking are the result of complex neural circuitry in
which neurons are grouped together by function into systems controlling discreet
sensory, motor, and cognitive tasks. So as one part of the prenatal factory continues to
churn out more and more brain cells, another part is intensely focused on getting them
arrayed and connected up in the right ways.

This task is achieved through a three-stage process involving cell
proliferation, differentiation, and migration. In the first stage, beginning with the
closure of the neural tube, brain cells proliferate in huge numbers. So great is the
commitment to brain cell production that the brain weight of a newborn is
proportionately much larger in relation to body weight than is the brain weight of an
adult. Within months, though, more than half of these young cells die off, having
exceeded the brain’s structural needs. In the second stage, differentiation, newly
created cells specialize, joining either the family of neurons or neuroglia. Glial cells
are far more numerous than neurons and account for more than half of the brain’s
total volume.

In the final stage of migration, the neurons travel to their permanent positions
within the brain and begin to establish their crucial interconnections with other
neurons. The fixing of brain circuitry through migration is a concerted operation
involving glial cells as well as neurons. In fact the neuroglia, whose name means

“nerve glue,” are responsible for both guiding and anchoring the neurons to their
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assigned locations. Radial glial cells send out long tendrils that construct scaffolding
for the neurons to move along. The brain’s growth and final form is the result of the
thickening and expansion of this tissue formation.

Describing the finished brain’s structural components requires zooming out
from single cells to a global view of the brain itself. When that is done, one of the
reasons for humans’ superior intelligence becomes clear. Mental acuity is in part
related to brain architecture, even if its exact mechanics are hidden from view. And
while all central nervous systems have many parts in common, the brains of humans
are visibly different from all others.

The mechanical design of the human brain can best be described according to
its three anatomical divisions. These include the large, domed-shaped cerebrum,
whose matching hemispheres comprise the bulk of the brain; the cerebellum, two
small spherical hemispheres hanging below and to the rear of the cerebrum; and the
brainstem, a complex of structures attached to the bottom of the brain that gradually
tapers off and exits the skull as the spinal cord. The primary functions of these three
divisions, taken in reverse order, reveal what is common and what is distinctive about
the human brain.

The brainstem is responsible for maintaining basic bodily functions like
respiration, heart rate, digestion, and blood pressure. The upper portion of the
brainstem, or midbrain, acts as a relay station for neurons transmitting input signals
from sense organs to the cerebral cortex and, in turn, outgoing motor reflex

commands. In the middie of the brain stem sits a bulging bundle of nerve fibers called
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the pons. Like the midbrain, the pons functions as a relay station for messages, in this
case between the two cerebral hemispheres and between the cerebral cortex and the
medulla oblongata. The medulla oblongata, the third and lowest division of the brain
stem, routes incoming and outgoing signals between body and brain in such a way
that the right half of the brain communicates with the left half of the body and the left
half of the brain with the right half of the body. Running vertically through the entire
length of the brainstem is a canal called the reticular formation that governs states of
alertness and sleep.

The cerebellum looks like a miniature version of the cerebral hemispheres it
sits beneath, hence its Latin name. These two laterally positioned lobes, which
include several anatomical subdivisions, are located to the rear of the brain stem and
connect to its three majors structures. The cerebellum is primarily responsible for
maintaining posture, balance, and coordination. Utilizing motor and sensory input
from the brainstem, the cerebellum helps to smooth basic movements like walking as
well as to fine-tune the muscle control involved in more specialized skills like writing
and athletics.

Positioned above the brainstem and forming the core of the cerebrum are three
interconnected sets of brain structures that comprise the limbic system, the basal
ganglia, and the diencephalon. The limbic system, often referred to as the “emotional
brain,” includes the hypothalamus, pituitary gland, amygdala, hippocampus, fornix,
mammillary bodies, and other related tissues. Constantly implicated in new and

different brain functions, the limbic system contributes significantly to emotion,
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memory, and motivation. The basal ganglia are collections of nuclei and neural fibers
crucial to the function of the motor system. The diencephalon includes two major
structures, the thalamus and hypothalamus. Located in the heart of the brain between
the two hemispheres, the thalamus acts as the nervous system’s central relay station,
all sensory input to the brain, with the exception of the sense of smell, passes through
the thalamus. The hypothalamus, which sits just beneath the thalamus, is important
for both the autonomic nervous system and the endocrine system. The hormones
produced by the hypothalamus regulate vital body functions, and the structure also
governs basic feelings and drives like hunger, thirst, and sexual desire.

The suite of mental skills most closely associated with human thought —
reasoning, language, imagination, personality — originates in the cerebrum, which,
true to its name, accounts for approximately eighty-five percent of the brain’s weight.
The exterior layer of the cerebrum, called the cerebral cortex, is the brain’s most
familiar feature, with its gray skin of convoluted grooves (sulci) and ridges (gyri). Yet
his gyrencephalic landscape is a wonder of biological design, evolution’s answer to
brain growth that outstripped cranial volume. This extensive system of grooves and
ridges, which hides nearly two-thirds of the cortex”s actual size, allows about sixteen
square feet of cortical surface to be folded up within the skull.

The cerebral cortex is divided into four lobes outlined by prominent sulci and
amed for their overlying cranial bones: the frontal, parietal, temporal, and occipital
lobes. These regional divisions offer a convenient way to survey brain function. Each

lobe carries out a variety of processing activities, and major neural systems can be
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localized within each lobe. This localization of specialized neuronal systems also
allows brain structures to be linked with behaviors. Extensive study of healthy,
diseased, and damaged brains has enabled researchers to map mental activities onto
specific regions of the brain, though many processes, including memory, are
associated with multiple areas of the brain.

The frontal lobe, the largest of the cortical regions, includes the area of tissue
from roughly the midpoint of the head forward. The frontal lobe takes the lead in the
planning and execution of movements, a specialization that is accented by the
presence of the primary motor cortex and other neural areas dedicated to motor
control. Further subdivisions of the frontal lobe contribute to high-order human
functions. The prefrontal cortex, for example, is involved in memory and behavioral
processes. The frontal lobe is also the site of Broca’s area, the part of the brain related
to speech.

The parietal lobe, which abuts the central sulcus with the frontal lobe and
extends toward the rear of the head, is mainly in charge of sensory processing. The
major structure aiding in this task is the somatosensory cortex, which receives input
from the thalamus and processes information about limb position, pain, body
temperature, and touch. The occipital lobe, located at the very back of the head, is
devoted to vision. Here the primary visual cortex receives input originating in retina
cells and transmitted along the primary yisual pathway. This highly complex cortical
region assembles visual images by coding features like brightness, color, and

orientation. At the same time this information is shunted to other centers of the brain,
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which identify the “what” (form) and “where” (location) of each visual object. The
temporal lobe, the region of the cerebrum along the side of the head, houses auditory
processing areas. Sound waves received by the cochlea are routed to the primary
auditory cortex via the thalamus, where perceptual qualities such as tone and volume
are coded. The temporal lobe is also the location of Wernicke’s area, the part of the
brain related to language comprehension.

There are also large areas of the cerebral cortex that are not directly engaged
in motor and sensory tasks. Found in each of the lobes, these neural areas are called
association cortex because they receive and integrate input from more than one
modality. The association cortices are thus sites of high-order mental processes,
where information from motor and sensory areas of the brain is used analytically and
converted into complex responses. The work of the association cortices also
highlights the presence and importance of connectivity throughout the brain. Despite
distinctions of function, locale, and “higher” versus “lower” brain structures, the mind
operates as a complex system with multiple components engaged in the processing of
almost all forms of perception and thought.

The most striking physical feature of the brain as a whole is the longitudinal
division of the cerebrum into two nearly symmetrical hemispheres that communicate
with one another via a dense bundle of neural fibers called the corpus callosum.
Although the two hemispheres appear similar, study of split-brain patients reveal that
they are functionally dissimilar. In addition to receiving sensory signals from the

opposite side of the body and sending motor responses contralaterally as well, each
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hemisphere is specialized‘for different kinds of mental activity. Research has shown a
relationship between hemispheric dominance and whether a person is right or left-
handed. In most right-handed people the left hemisphere is dominaht in processing
skills associated with language, math, logic, and speech. The right hemisphere
dominatee in judging spatial relationships, recognizing emotionel expression, and
processing complex imagery and music. In left-handed people the pattern of
hemispheric specialization is more variable.

With the in utero completion of each of thebrain’s major structures comes the
initiation of functional development. As early as the first trimester of a pregnancy, the
fetus already possesses centers of balance and motion that respond to the mother’s
own movements. At the halfway point of gestation a fetus can hear. Sight remains
severely muted, though; unlike for the sense of hearing, there are few external stimuli
in the uterus. But by the seventh month the eyelids are open and the fetus can see by
diffuse light coming through the abdominal wall. Taste, too, is working as the fetus
takes in amniotic fluid. In addition to these basic functions of sense and motor
control, there is also clear evidence that the human brain is busy /earning in the
womb. One example utilizes the fetus’s well-developed sense of hearing. Clever
experiments that chart the rhythm with which a newborn sucks on a rubber nibble
reveal preferences for a mother’s voice and other patterns of sound heard while in the
womb (DeCasper & Fifer 1980). Numerous similar experiments confirm that already
before birth individual brains are attentive and actively engaged with the surrounding

world, however limited.
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And this is a very good thing. The larger world into which babies are born is a
buzzing, flickering, chaotic place. They need to be able to make sense of all this
noise, light, and movement around them. Some skills, like language, can be put off
till later, but others are foundational to both immediate functioning and further
development. There is a three-dimensional world to be surveyed, spatial maps to be
constructed, social connections to be made, objects to be identified, and so on — all
the kinds of abilities that enable learning and which are themselves not learned in the
usual sense. Each new human brain is not only comprised of the mental hardware it
takes to execute these kinds of tasks but also comes with the requisite operating
system as well. Without this innate bundle of mental programs it would be impossible
for newborns — or adults for that matter — to recognize or understand anything.

This is the surest sign that human knowledge is a biological phenomenon, and
developmental psychologists continue to probe the true depth of the knowledge that is
already present at birth. Babies are born with complex brains that do complex things,
not least the assembly of mental representations and responsive behaviors that go well
beyond the level of the input received. Babies can differentiate between people and
objects. They act according to preferences, discriminating between familiar and
unfamiliar faces, sounds, and smells. They recognize expressions of happiness,
sadness, and anger. They know how people move. Babies possess social minds,
which they use to place themselves in relation to others. Newborns imitate facial
expressions, and they coordinate their own movements, gestures, and emotions to

those who hold them. So wide is the range of mental abilities with which babies come
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equipped, and so skilled are babies at using them to analyze and predict the world,
that Alison Gopnik, Andrew Meltzoff, and Patricia Kuhl like to speak of newborns as
“scientists in the crib,” pointing out that the cognitive capacities that even the most
sophisticated lab-coated researcher brings to a question about the world have their
origins in infancy:

Babies and young children think, observe, and reason. They consider

evidence, draw conclusions, do experiments, solve problems, and

search for the truth. Of course, they don’t do this in the self-conscious

way that scientists do. And the problems they try to solve are everyday

problems about what people and objects and words are like, rather than

arcane problems about stars and atoms. But even the youngest babies

know a great deal about the world and actively work to find out more

(2001: 13).

In short, humans are born doing human things. Such a statement sounds
commonsensical, trivial, even foolish, especially to anyone who does not view the
minds of human infants as blank slates. Unfortunately, that’s precisely how
philosophers and psychologists have characterized them for a very long time. For
most of the past century it was assumed that babies arrived in the world as empty
vessels that do little more than respond to external stimuli and acquire knowledge
only as they are exposed to culture. Mental ability and content were assumed to be the
products of rigorous social learning, not of innate programming. Of course learning
from others is important, and adults as well as babies spend a good amount of time
doing it. But what is crucial to see is that biology has bestowed both the functional

mental abilities babies are born with and the powerful learning mechanisms they use

to rapidly increase and restructure their knowledge. Nurturing takes place via nature.
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Throughout one’s life the mind retains a plasticity that allows for learning — the
continual acquisition, reshaping, and revising of information. The link between
learning and hardwiring is even graphically expressed in the first year of life, when a
baby’s interactions with the world are directly reflected in the connectivity of the
brain. During this period the number of synapses between neurons multiples rapidly,
creating millions of new connections each day. It is unclear to what extent this neural
development is dependent on external experiences as opposed to simply representing
the final phase of mental construction, since, as with the maturation of key cognitive
abilities, all children follow similar timetables. Nevertheless, the main point being
expressed here is that we come to learn, as well as what we come to learn, are both
grounded in biological inheritance. The human computer arrives packed with both the
knowledge it takes to immediately begin interpreting the world and the mechanisms
necessary for assimilating new information. Additionally, as we’ll see later, much of
what we do come to learn, regardless of when, is built on the same innate forms of
knowledge with which we all begin life. As Gopnik, Meltzoff, and Kuhl conclude,
adults, even adult scientists, are just “big children” (2001: 9, see also Harris 1994).
The final section of this chapter will return to the subject of what newborns
know, for it is precisely in studying the minds of babies and young children that we
can begin to circumscribe the content and application of innate human knowledge.
But before moving from the hardware of the brain to a look at some of its central
programs, there is another — a hidden — structural level to the brain that is crucial

for understanding iow we think. Exploring the various anatomical segments of the
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human brain, even identifying its areas of specialization, does not tell us how thought
takes place, why the brain is so quick and efficient, or what about its particular

desigh gives rise to such distinctly human capacities as imagination and creativity.
Answering these types of questions requires models that describe the brain’s activity,
that attempt to map the mind in the way that neuroscientists map the brain itself. To
be successful, such models cannot neglect the connection between the present and the
prehistoric past, since the same forces that shaped the hardware of the brain would

also have been at work on its selection of software. Enter evolutionary psychology.

Mental Modules and the Hidden Structures of Thought

When we see a mother holding her newborn it often sparks thoughts of the
future rather than of the past. The life of this brand new person extends forward into
tomorrow after all, and for the moment it represents the most recent, state-of-the-art
version of H. sapiens sapiens. But in reality this baby’s biological continuity lies not
with the future, which does not yet exist, but with the past, with its mother, who came
before, and then progressing backward through “mitochondrial Eve” and far beyond.
In canvassing the basic structures and functions of even the newest human brain it is
important to bear in mind that our mental equipment has a long evolutionary history
with clear links to the rest of the animal kingdom.

The common division of the human brain into forebrain, midbrain, and
hindbrain helps to illuminate this process of cognitive development, which involved

both the reorganization of old neural structures and the growth of new ones. The
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hindbrain, consisting of the brainstem and cerebellum, is often referred to as the
“reptilian brain” because it is the evolutionarily oldest and most primitive part of the
brain. As described above, the components of the hindbrain support the types of vital
bodily functions, reflexes, and involuntary actions shared by all animals. The
midbrain, including the tectum, tegmentum, and surfounding fibers, is the next oldest
in evolutionary origin. The midbrain is functionally more central in nonmammals,
where it serves as the main site of visual and auditory information. In mammals this
data is handled by the forebrain, though the midbrain continues to help control eye
movement and other motor activities. The structures of the midbrain, however, are
crucial to our experience of self-awareness — an experience decidedly different from
mere reflex. The forebrain, comprised of the cerebral cortex, limbic system, basal
ganglia, and diencephalon, is a more recent evolutionary addition to the brain, with
the bulky cerebral cortex, or “neocortex,” representing the newest improvement, both
with respect to brain size and computational power.

It is interesting to note that the prenatal development of the human brain
within each individual (ontogenesis) corresponds to the evolutionary development of
the brain within the species as a whole (phylogenesis). The brain of a human embryo
starts out as a simple tube of tissue that, within weeks, begins reshaping itself into
three circular enlargements that will become, in developmental order, the hindbrain,
midbrain, and forebrain. Later the cortex of the forebrain divides into the two cerebral

hemispheres and grows outward to cover much of the lower brain regions.
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Internal shifts in brain function, such as the rerouting of visual and auditory
information from the mid- to the forebrain, offer other direct evidence of the brain’s
evolutionary past. A frequently cited example is the limbic system, which, while
taking the lead today in fhe experience and expression of emotions, originally evolved
to evaluate smell. For animalskwith powerful olfactory senses, smell is a primary
means for negotiating the world, such as deciding whether an object should be
approached or avoided. In primates and humans the sense of smell has been greatly
superceded by vision. As a result, the structures of the limbic system have largely lost
their links to smell yet retain their job of generating emotional reactions ranging from
fear to elation.

As a biological machine, then, the human central nervous system has much in
common with those of other living organisms, designed, as all are, to control bodily
function and to interpret and respond to signals received from the outside world. The
human brain, however, is clearly different from that of any other creature on earth in
displaying the high-order mental activities we label with names like “intelligence”
and “consciousness.” Just what such terms mean, precisely, is widely debated by
cognitive scientists and philosophers alike, but few would argue with the fact that
humans, while anatomically similar to other kinds of animals, are functionally very
different. It is often pointed out, for example, how alike certain members of the
primate family are, but likeness at the level of genes or gross anatomy in no way

translates into likeness of cognitive ability. What makes us humans so different is the
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kind of mind we have, which in turn is the result of our brain’s specific evolutionary
development.

Tracing humankind’s cognitive evolution returns us once again to basic
principles — how natural selection works, and how it would have gone about
sculpting the minds of our ancestors. The first principle is elementary: nervous
systems, like all body parts, evolve because improvements enhance an animal’s
chances to survive and reproduce. While not all animals require more than simple
reflexes to succeed at the game of life, complex mental abilities bring other animals
decided advantages. Brains enable active, voluntary behaviors rather than passive
ones; a thinking animal can seek out food and avoid danger instead of waiting for
them to come to it. Inevitably, natural selection moved some trajectories of mental
development in the direction of improved cognition over against basic life support.
As brains get better, so do their problem-solving abilities, and the benefits that accrue
to their owners.

The second principle is more complicated. Just how does natural selection
shape minds? How is thinking improved within the context of a particular
environment? How are adaptations reflected in the brain? What does the modern
mind owe to its evolutionary past? The discipline of evolutionary psychology brings a
provocative set of suppositions to bear on these questions, overturning, in the process,
some deeply entrenched ways of viewing the human mind, such as the claim that
babies are blank slates. The central suppositions of evolutionary psychology have

already been introduced on preceding pages, but now it’s time to look more closely at
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how these ideas léad to clearer, more accurate models of the modern mind and also
provide essential background for understanding contemporary thought and behavior.

We can start with theridea that brains are computers — an insight borrowed
from cognitive psychology. Conceiving of brains as computers has proven
tremendously fruitful to research on artificial as well as biological intelligence. On
the one hand, a computational theory of mind helps explain how organic tissue can
process information and execute complex responses. On the other hand, this
comparison points up the profound gap between the respective talents of neural and
silicon circuitry and hints at what it takes to create “smarter” mechanical systems.
Today’s computers can crunch mathematical formulas at mind-numbing speed, but
they are woefully stupid when it comes to basic human tasks like recognizing objects
in the world, reading expressions, or finishing a sentence. Two of the most immediate
differences between artificial and biological intelligence, then, are complexity and
flexibility. Just as it is, without need of additional software or plug-ins, the human
mind can complete an astounding array of functional, interpretive, and analytical jobs,
moving freely from one to the next, doing many simultaneously, even combining
inputs across modalities to create new and novel outputs. No computer made of
plastic, wire, and silicon can yet transpose as rose through simile, get a joke, or feel
the death of the machines that made it.

The present differences between artificial and biological intelligence throws
bup all kinds of challenges to the computer industry, which strives to design machines

that increasingly emulate the complexity and flexibility of human thought, but they
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have also forced brain researchers to revise their understanding of how the mind itself
works. When cognitive psychologists first began to investigate the mind, they
envisioned it as a very powerful yet very simple program. This early model saw the
mind as 2 kind of “general-purpose problem-solver” that operated according to a set
of procedural rules that could be applied to all forms of information. Testing this
model of the mind, however, led one directly to the quandaries faced in computer
design. It is easy to create simple programs that master specific tasks, even abstract
tasks, but such programs aren’t much good at doing anything else, let alone at
achieving the level of multi-tasking typical of human minds.

For example, one might suppose — and rightly — that a finite set of
procedural rules can solve a wide range of mathematical equations. In this case, a
brain and a computer could be precisely the same. So far so good. Yet it takes little
thought to realize that this suite of procedural rules for doing math would be of little
value to the task of language, or much else for that matter. Now what is required is
one set of procedural rules for mathematics and other, completely different sets of
procedural rules for the coding and decoding of speech. But of course there are a
multitude of other unrelated operations that the mind can do, all of which require their
own sets of procedural rules as well.

So the early general-purpose problem-solver model of the mind simply wasn’t
tenable. The evidence suggested that this model of the mind needed to be replaced
with a model of the mind as a system of special-purpose programs. Thus cognitive

scientists have come to view the brain not as one big machine capable of multiple
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tasks, but rather as a consortium of numerous small, independent machines, each of
which specializes in a single task, and which, working together, lend the mind its
obvious complexity of thought.

This perspective is known as the “modular” model of mind and was first
earnestly proposed in Jerry Fodor’s book Modularity of Mind (1983). The modular
model of mind accounts for the complex, flexible nature of human thought by
delegéting specific processing tasks to discrete domains hard-wired into the brain
called “modules.” For Fodor, each encapsulated module carries out its singular work
quickly, automatically, and without access to the information found in other modules.
In his groundbreaking work Fodor argued for a limited number of modules that
corresponds to the sensory inputs of sight, sound, smell, taste, and touch, as well as
one dedicated to language. After completing their specialized tasks, these input
modules send their information on to centralized processing systems that, because
they are not themselves modular, allow for the assimilation of lower-level perceptual
knowledge into higher, integrative, problem-solving forms of cognition.

While responsible for setting the study of the mind on the right course,
Fodor’s seminal idea has since been extended by evolutionary psychologists like John
Tooby and Leda Cosmides, who champion a widely accepted model of the mind
known as “massive modularity” (1992). The main arguments anchoring the massive
modularity model are (1) that Fodor’s modular model, while correct in principle, is
still too limited and too cumbersome to account for the speed and tremendous variety

of computational tasks of the brain, and (2), that massive modularity better falls in
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line with the engineering methods of naturél selection. The second argument, drawn
from evolutionary biology, is even more compelling than the one from cognitive
psychology.

Recaﬂ that natural selection works by solving successive adaptive problems
posed by an organism’s environment. As a result, adaptations accumulate over time,
with each modification representing the best available solution to a specific pressure.
In Tooby and Cosmides’s view, the entire mind, even Fodor’s general-purpose central
processes, must be modularized because in the context of adaptation there are no
general problems only specific ones. Lacking both the time and foresight necessary to
organize parsimonious mechanisms — which would be impossible in any case since
different adaptive problems likely require different solutions — natural selection
instead addressed specific problems using specialized mental mechanisms. Such
mental mechanisms, or modules, are effective, reliable, and fast because they are
dedicated to a single task and, key to the discussion, because they are “content rich;”
that is, each mental module is already pre-programmed with the set of procedural
rules and knowledge about the world it needs to execute its specific task. In this way
natural selection slowly designed processes of thought, what Steven Pinker calls
“Natural Computation,” that not only successfully met adaptive problems but also did
so in a way that achieved all the coveted goals of “Artificial Intelligence” (1994: 83).

So the massive modularity model understands the human mind to be a bundle
of hundreds, perhaps even thousands, of specialized de{/ices, each applying itselfto a

single processing demand. Here the mind might best be envisioned as a Victorian
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mansion rather than as Fodor’s mental apartment. In the massive modularity fnodel,
higher cognition does not take place in a single main living area supplied by input
from a few side rooms; rather, the specific tasks of intelligence occur in a labyrinth of
rooms, closets, and corners, all of which function smoothly together to generate the
thought life’of the typical human being.

What kinds of mental modules does the human mind contain? The current
module hunt was actually initiated in the 1950s by the linguist Noam Chomsky, who
was struck by the fact that children easily acquire language despite the fact that their
exposure to it is grossly impoverished (1959). Children, Chomsky noted, receive
nothing resembling formal grammatical instruction. Qur everyday speech consists
largely of improperly constructed, halting, unfinished strings of words, as every
journalist knows. And yet children take this mess of syntax and speedily become
competent language-users themselves. The reason, Chomsky suggested, is that
language is not learned but naturally develops. This hard-wired capacity shared by all
people represents the first mental module, which Chomsky dubbed the “language
acquisition device.”

Another early modular approach to the mind was taken by David Marr, who
was interested in how the visual system recognizes and constantly holds external
objects in spite of the fact that visual information (color, shading, shapes, motion,
etc.) is even more chaotic and underdetermined than is conversation. To account for
the wizardry of sight — a feat involving a substantial amount of mental interpretation

— Marr constructed a theory of vision in which the final images that we see are the
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result of different modules dedicated to detectihg edges, motion, color, and depth
(1982). A modular model has also been applied to auditory processing, showing that
different mental mechanisms are engaged in the analysis of speech versus non-speech
sound. (Liberman & Mattingly 1989). As already noted, Fodor agreed with this
empirical work in the domains of language and sensory perception and used it to
compose his original list of innate input modules.

For evolutionary psychologists, the complete slate of mental modules will
only be uncovered as we place the modern mind against the backdrop of its ancestral
past. If mental modules are evolved mechanisms constructed in response to adaptive
problems, then we must consider the environment in which these problems were
faced. That means looking again into the Pleistocene’s evolutionary forge. It is wrong
to attempt to explain the architecture of the mind in relation to contemporary times.
The human mind evolved under the selective pressures confronted by our Stone Age
relatives. Indeed, the post-Pleistocene period — a mere tick of time constituting only
about 5,000 human generations — is irrelevant to the composition of the mind. Our
minds remain adapted to a Pleistocene way of life; the mental modules we use today
are the same ones our hunting and gathering ancestors used to survive in their own
unforgiving Pleistocene world.

Cosmides and Tooby point out that many psychologists also erroneously
attempt to describe the cognitive architecture of the mind based on the study of what
it can do rather than of what it was designed to do (1994 95). The evolutionary

engineering of the past was completed without regard to present circumstances or
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with an eye to enabling cognitive skills beyond those necessary to solve problems
within the Pleistocene environment. The novel Ways we use our minds today,
however impressive, are but secondary consequences, or by-products, of their
functional design and cannot be used as an explanation for how that design came to
be. “For humans, the situations our ancestors encountered as Pleistocene hunter-
gatherers define the array of adaptive problems our cognitive mechanisms were
designed to solve, although these do not, of course, exhaust the range of problems
they are capable of solving” (Cosmides & Tooby 1994: 87).

By exploring the selective pressures our Pleistocene ancestors faced it is
possible to predict and test for associated modular adaptations. For those who doubt
the possibility of bridging the cognitive past and present, a well-known experiment
employed by Cosmides demonstrates our ability to see ancient mental mechanisms in
action (1989). A creative twist on a standard psychological test called the Wason
selection task reveals how abstract reasoning capacities like deductive logic are by-
products of mental modules designed for other, more practical purposes.

There is a deck of cards with numbers on one side and letters on the other.

Four of these cards are placed on a table in front of you in the following arrangement:

DI IF 3] 7

Figure 4. Wason selection task (deductive logic).
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You are then told this single conditional rule: If a card has a “D” on one side, then it
also has a “3” on the other side. The test of logic? Which cards do you need to turn
over to determine whether or not this rule is true?

In point of fact, most people fail this test when it is presented in this way. The
correct sdlution is to turn over the first and last cards, since the logically proper
response for a rule of the form If P then Q is always P and not-(). This form of
reasoning is highly abstract, and it takes some time to arrive at the right answer. It is
even hard for some people to see the logic of the solution after it is shown to them.
What is intriguing, however, is that most people quickly and easily give the correct
answer when the same test is presented to them in a completely different context.

Cosmides (following Griggs & Cox 1982) set up the test like this:

Drinking Drinking 25 16
beer cola years years
old old

Figure 5. Wason selection task (cheater detection).

You are working at a local bar as a bouncer charged with policing under-age
drinking. The four cards now represent four different people, with one side showing
each person’s age, the other side showing what each person is drinking. Now, which
cards do you have to turn over in order to determine whether the drinking age is being

violated?
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Note that the logical structure of both versions of the test is exactly the same,
and yet the solution to the second is obvious. The immediate explanation for this is
that human reasoning skills change dramatically depending on the context of the
problem. But it turns out that only cerfain contexts markedly enhance performance.
Other versions of the Wason selection task confirm that people are not highly
competent at spotting violations of descriptive or causal rules either. What people are
good at, and what the drinking-age test isolates, is deductive reasoning that relates to
social exchange.

As the last chapter pointed out, astute social intelligence is critical to group
living. Successfully navigating through complex social arrangements requires the
mental skills involved in mind reading, kin relations, alliance formation, and many
other facets of group life. The ability to detect individuals who cheat on the social
contracts that underpin personal relations is among the most important of these skills,
and we should expect this selective pressure to have been met with an associated
mental adaptation — a module with specialized procedures for reasoning about social
exchange. The second version of the Wason selection task capitalizes on this cheater-
detection module; the logical problem is simple precisely because it is all about
detecting cheats.

This sort of empirical evidence strengthens the argument for the modularity
model of mind. If the human mind truly works like a general-purpose problem-solver,
then context should make little difference to the outcome. The fact that the same

problem is easy in one context and difficult in another suggests instead that
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specialized, context-dependent cognitive processes are at work. This test also reveals
a second significant feature of mental modules. In addition to being content-rich,
already pre-programmed with the processing information they need to do their work,
mental modules are also domain specific. This means that a given module is only
activated by input relevant to its specialized task. It alsb means that the processing
information in one module remains inaccessible to others. One of Cosmides and
Tooby’s conclusions from their study of Wason selection tasks is that deductive
reasoning developed as part of the cognitive processes regulating social exchange
(1992). The first version of the test proves difficult because it poses a logical problem
in an abstract form rather than in a concrete social one. As a result, it fails to activate
the mental module capable of solving the problem with ease. If Cosmides and Tooby
are correct, it suggests that the varieties of abstract logical thought unique to
humankind are secondary consequences, or by-products, of cognitive capacities
evolved for more worldly purposes.

Just as we should expect natural selection to have designed a cheater-detection
module to deal with the exigencies of group living, we should also expect the modern
mind to be loaded with mental modules for solving a host of other adaptive problems.
The massive modularity model of mind argues for thousands of mental modules at
work in human cognition, all of which make perfect sense in light of evolutionary
history. Though the possibilities remain speculative, the following short list of mental
modules serves as a sample of some of the more widely accepted candidateé and

illustrates the range of thinking and behaviors related to them:
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e Predator detection: Fundamental to daily survival, mental modules related to
predator detection fapidly distinguish threats in the environment and trigger
avoidance or defensive behaviors. \

e Food preference: Also fundamental to daily survival, mental modules
regulating food preferences promote a desire for safe, nutritious foods
(especially those rich in Sugar and fat) and dislike and disgust for harmful or
poisonous items.

e Mate selection: Daily survival is the means to a gene’s ultimate end —
reproducﬁon. Mental modules help to discern sexual partners who are
genetically and developmentally robust based on subtle aspects of physical
appearance, such as body shape and symmetry. Mate selection criteria also
include characteristics that suggest individuals will be good mothers and
fathers, markers (e.g., age, resources, and loyalty) that are gender specific.
Conversely, related mental modules work at advertising oneself as a good
choice for others.

o Child rearing and kinship: In many species reproductive success necessitates
a period of childcare after offspring are born. Likewise, non-reciprocal
support of close relatives helps assure genetic propagation. Related mental
modules support familial behaviors, including skills such as face recognition
and estimating degrees of relatedness.

o Alliances and friendship: For highly social animals, the ability to form

mutually beneficial partnerships with conspecifics is vital to gaining and
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maintaining access to basic resources (food, sex, and protection). Related
mental modules include the mechanisms involved in monitoring social

exchange.

These mental modules are directly related to survival/reproduction within the
ancestral environment (both ecological and social), and from an evolutionary
standpoint this is indeed the functional raison d’étre of all adaptations. But natural
selection cannot focus solely on activities associated with food and sex since being
good at living and reproducing requires a wide range of supporting skills. As Tooby
and Cosmides argue, this requirement is responsible for the accumulation of distinct
families of specialized information-gathering, inference, and decision-making
modules that progressively increased the power and breadth of thought and,
ultimately, gave rise to the polished cognitive capacities of the modern mind:

By adding together a face recognition module, a spatial relations
module, a rigid object mechanics module, a tool use module, a fear
module, a social exchange module, an emotion perception module, a
kin-oriented motivation module, an effort allocation and recalibration
module, a childcare module, a social inference module, a sexual
attraction module, a semantic inference module, a friendship module, a
grammar acquisition module, a communication pragmatics module, a
theory of mind module, and so on, an architecture gains a breadth of
competences that allows it to solve a wider and wider array of
problems, coming to resemble, more and more, a human mind (1992:
113).

Tooby and Comides’s massive modularity model is not the final word on the

architecture of the mind; not all cognitivists are comfortable with it. Steven Mithen,

for instance, argues that the only way to account for such unique and provocative
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human capacities as imagination, creativity, and analogical and metaphorical thought
is to buﬂd into the mind processes capable of combining the mahy forms of thought
in flexible, novel ways (1996). Dedicated, encapsulated mental modules like those
proposed by Cosmides and Tooby should be inherently incapable of producing the
variety of cross-domain reflection that appears to be the hallmark of modern
intelligence. Resting his model of the mind on the classic idea that “ontogeny
recapitulates phylogeny,” and drawing evidence from the work of developmental
psychologists like Patricia Greenfield (1991) and Annette Karmiloff-Smith (1992),
Mithen argues that the mind of each person passes through three architectural phases
of development resulting in what he calls “cognitive fluidity,” the basis of our
extraordinary mental abilities.

According to this model, babies are born with a “generalized mentality” very
like the general-purpose problem-solver described above. The mind of the infant
soaks up different types of information about the world using the same cognitive
processes as its neural wiring settles into place. The phylogenic connection here is
that the mind of the human infant is similar to the mind of a chimpanzee; both use
general intelligence to interpret and interact with the world. At about the age of two,
children enter the second phase of mental development, shifting from a generalized
mentality to a “domain-specific mentality.” This phase of mental development is
characterized by precisely the kind of modularization articulated by Cosmides and
Tooby, and it is no coincidence, Mithen argues, that much of the empirical evidence

for modularized thought comes from the study of children around the ages of two and
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three. As expected, this is the period when specialized, content-rich intelligences take
shape, such as language acquisition and an understanding of object permanence. It is
also an important period in that cultural context plays a role in determining the range
of domain intelligences that eventually develops. In this phase of modularization the
child’s mind is like those of our Pleistocene ancestors, whose intellectual and
technical abilities were clearly superior to chimps and early hominids but who left
little evidence that they were engaged in more sophisticated forms of thinking.
During the third and final phase of mental development, marked by a shift from a
domain-specific mentality to a “cognitively fluid mentality,” the mind’s suite of
modules begins to work together, building connections that facilitate information
exchange. Rather than remaining isolated in encapsulated domains, different forms
of knowledge can be linked and combined, allowing for the diverse, intricate,
spontaneous, and imaginative nature of truly human thought.

For Mithen, a developmental model of the mind explains both the unique
mental capacities of modern humans and the mysterious period of cultural explosion
evident in the archaeological record. As Mithen points out, the start of intense cultural
proliferation some 50,000 years ago does not coincide with the appearance of the first
modern humans around 100,000 years ago. While scientists have long found it easy to
herald brain size as the defining characteristic of human evolution, Mithen asserts that
intelligence has more to do with the design of the mind than with its dimensions. It
was the later, final development of cognitive fluidity that brought about the

“emergence of the modern mind — the same mentality that you and I possess today”
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(1994: 15) and ignited the cultural explosion. The fundamental changes in lifestyle
and the many new artifacts that appear at this time were the result of nothing less than
a major alteration in the very nature of the mind.

So whereas Fodor’s model of the mind (limited modularity) is like an urban
apartment consisting of a central living space and a few side rooms, and Tooby and
Cosmides’s mind (massive modularity) is like an immense Victorian mansion where
thought takes place in hundreds of private rooms, Mithen describes the modern
human mind (integrated intelligence) as a majestic cathedral, whose construction

takes place in three phases as individuals move from infancy to adulthood. The
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finished edifice is comprised of many classrooms, offices, and’chapels, each with
doors opening to a grand central nave of general intelligence where knowledge and
ideas flow freely and harmoniously between the domains of spyecialized intelligence
and promote brand new forms of thinking and behavior.

There are other models of the mind that complement the ones presented here.
Dan Sperber, for example, has proposed that the apparent gapkbetween a massively |
modular mind and a creative one can be bridged with yet another specialized module,
one that evolved to enable the forms of cognition described by Mithen and the
developmental psychologists. Spérber calls this hypothetical mechanism or set of
mechanisms the “metarepresentational module” and suggests that its job is to take the
concrete mental representations produced by other modules and generate second-
order “mental representations of mental representations” (1994: 60), precisely what
takes place in instances of imaginative and metaphorical thought.

Regardless of the exact nature of mental modularity — limited, massive, or
integrated — what ties these various models together is an understanding that all of
the present structures and functions of the modern mind are selected adaptations
accumulated over the course of evolutionary history. The mind did not develop all of
a piece; rather, specific modules evolved to solve specific problems. The result is a
complex assemblage of mental units that result in rapid, efficient information
processing, and which, either through generalized connections or thorough
specialization, advance high-order forms of cognition. Another commonality between

all of these modular models is the recognition that the human mind comes loaded
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with lots of pre-programmed knowledge and hard-wired cognitive skills. Reacting
against the Standard Social Science Model, which views the neonate mind as
essentially a blank slate and places a fundamental division between biology and
culture, the models of mind put forth by cognitive, developmental, and evolutionary
psychologists rightly include innate knowledge bases that facilitate computation in
specialized domains. The rest of this chapter will describe three of these intuitive
kinds of thinking as well as some ways of thinking, both because they help round out
the survey of mental architecture provided in this chapter and because one of them,
namely, intuitive psychology, is foundational to the discussion found throughout the

rest of this book.

Some Programs and Processes of Human Thought

Already the cognitive scientist’s preferred analogy for the human brain — the
common computer — has provided a fruitful way to explore some of the structures
and functions of this most outstanding biological organ. But there is one more
likeness between the mind and the machine worth exploiting here. As the last
paragraph affirmed, the newborn baby and a newly shipped Dell have something very
important in common: they both arrive ready to hit the ground running.

Consider any infant and off-the-shelf PC. Afier jettisoning its protective sack
of amniotic fluid, a baby leaves the safety of the womb and enters a bright, noisy,
touchy world. It is poked and prodded, subjected to medical tests, and fondled

incessantly by an array of people, only one of which is its mother. The computer
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arrives in a womb-like carton, ensconced in protective layers of cardboard and foam.
There are no medical procedures to be completed and certainly no slap to be
administered, but the ensuing set-up process, cable connections, and reference
materials approximate the attention lavished on a newborn in the delivery room. Once
this flurry of activity subsides and one steps back to observe the new baby and the
new PC quietly doing what they were designed to do — being a human and being a
computing machine — it becomes clear that each one already knows a great deal
about what these respective tasks entail.

The innate abilities of mind and machine are not only intriguing but also
essential. There is, of course, no mystery to the fact that the computer already has
knowledge and can immediately begin its work, but thinking for a moment about this
trivial fact helps to clarify the less obvious, and certainly less trivial nature of the
newborn’s mind. In short, computers work because they are programmed to do so.
Every new computer comes complete with an operating system that contains
instructions for how to be a computing machine as well as for how to recognize and
process new input. Without this elaborate program the computer is nothing more than
an inert sculpture. A computer that arrived at your doorstep as hardware only would
be utterly useless. Even if you owned a library of software, the computer would
understand none of it. It is the personal computer’s operating system, call it PC 1.0,
which enables the hardware to understand the meaning of any new input received
from the outside world — from basic word-processing programs to complicated

flight-simulation software — and to begin implementing it properly.
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Living machines have the same dperational requirements. From the moment
of birth a baby is bombarded by input from its strange new world. Some sensations
are random and incidental, others are deliberate and personally relevant. Some things
in the environment are inanimate and insignificant; others are alive and intentional in
their actions. Competency at the tasks of recognition and interpretation is crucial to
survival and successful development, so it needs to begin immediately. Yet if human
brains were only hardware, then they would be functionally useless. All of that light,
noise, motion, and touching, let alone the kaleidoscope of objects and people, would
remain insensible. Without some rather crucial innate skills, newborns would be like
new computers lacking software.

So for mechanical reasons a blank-slate view of the mind is simply untenable.
No mind could possibly understand, respond to, or use a piece of new information
received from the environment unless it already possessed the equipment and
knowledge that enabled it to understand, respond to, and use this new information.
Nor can learning mechanisms alone account for the development of mental abilities.
As E. Thomas Lawson points out, though there are parents and other models for
nurturing the growth of newborns, “from the child’s point of view, the behavior of the
parents and all the other things in the environment requires as much interpretation and
explanation as all of the other things and events that the child encounters” (2000: 76).
Newborns immediately begin the work of being human because they too come
programmed to do so. The biological computer, model Modern Human Brain, arrives

preinstalled with an operating system prepared by evolution that contains all the
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instructions for human computation as well as programs for processing new input.
Like computer models whose operating systems are the same right out of the b’”cr)x,
MHB 1000s run on MHB 1.0.

The efforts of developmental, evolutionary, and cognitive psychologists are
rapidly adding to our understanding of how MHB 1.0 works and what some of its
programs do. Because they were designed to help people successfully interact with
their natural environment, the programs bundled into the human operating system
work to organize, interpret, and predict objects and events in the world. One way that
psychologists commonly refer to these types of crucial, innate programs is with the
label “intuitive” or “folk” knowledge. The term “folk,” first coined by Daniel Dennett
as part of the phrase “folk psychology” (1987), has come to denote the several
systematic forms of knowledge and thinking that ordinary people use to explain the
things, activities, and other individuals encountered in everyday life.

There are three categories of intuitive knowledge that are almost universally
accepted and which illustrate well the nature of the operating system guiding human
thought: intuitive biology, intuitive physics, and intuitive psychology. Developmental
psychologists have come a long way in charting the innate foundations of these three
knowledge bases as well as the astonishing speed and general timetables under which
related interpretive skills mature. Such evidence strongly suggests a connectionist
understanding of cognitive development in which the experience of external stimuli
interacting with innate cognitive mechanisms and predispositions results in the

acquisition of new forms of knowledge (Elman et al. 1996, Groome 1999). What
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follows are general synopses covering the content and use of each of these important

forms of tacit thought:

e Intuitive biology: Intuitive biology refers to the way minds categorize and
reason about living things. The world is filled with all kinds of “stuff” —
there’s people, animals, plants, natural objects, and hand-made artifacts.
Humans naturally sort the external environment ontologically. At the most
basic level, we know that living things and inanimate objects are
fundamentally different. Thinking about the class of living things also
prompts a wide range of inferences that apply only to biological organisms,
including organic composition, vital functioning, movement, and intentional
behavior. Extensive research shows that very young children possess this
knowledge, too, and they reason accordingly. One intriguing way that living
things are understood is through “essentialism.” What a plant or animal is is
based on the attribution of a species-specific “essence” that cannot be changed
despite appearances. For example, children will not call an animal shown to
have gears inside its belly a living thing, or decide that a man who has lost his
legs is no longer a person, or think that a mother hen will give birth to a
hamster, or agree, as Frank Keil has playfully shown, that a horse fitted in a
striped costume becomes a zebra (1989). Scott Atran has thoroughly

demonstrated the universality and extent of intuitive biology, showing how
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people groups across the globe use the same systems of species exemplars and
hierarchical taxonomy to identify and organize the natural world (1990).

e [hz‘uz'tive physics: Intuitive physics refers to tacit knowledge about basic
mechanical properties and principles that adhere in the world of physical
objects, such as solidity, motion, and causality. Experiments with very young
children confirm that they understand a set of rules that govern material
objects — rules that differ from those that govern mental concepts and living
things — and, like adults at a magic show, they are surprised when these rules
are violated. Researchers such as Renée Baillargeon and Elizabeth Spelke
have found that infants are capable of reasoning about the physical properties
of objects involved in simple events (e.g., Spelke 1991, Baillargeon 1995).
Babies only a couple months old take into account the continuity and solidity
of objects and have a range of expectations about how such qualities apply.
For example, infants grasp the continuity of shape and make assumptions
about partially occluded objects. They understand that solid objects collide
with each other and do not normally pass through other solid obstacles.
Additional expectations infants have are involved with cause and effect.
Objects move when other objects push them; actions cannot be caused at a
distance. Infants also grasp basic laws of motion. Moving objects must follow
senstble, continuous trajectories. If a ball rolls behind a screen, for instance,
then it ought to emerge again at a predictable spot and time. Spelke shows that

children also count on the rules of gravity and inertia, though these physical
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concepts take more time to fully develop. Material objects are also recognized
to be different in kind from the class of living things. The elaborate system of
classification used to organize biological knowledge is not used in the world
of objects. Most importantly, people do not employ the idea of essences when
thinking about artifacts. Material objects can be put to new uses and therefore
can be thought of in totally new ways. Things made of plastic blocks, for
example, can be broken apart and remade into completely different objects
with no sense of lost continuity. What a given object is, as opposed to what a
living thing is, depends on context rather than on a sense of internal essence.

o Intuitive psychology: Intuitive psychology refers to the natural attribution of
mental states to other people and the cognitive skills involved in the ongoing
interpretation of those states. As the first chapter briefly discussed, we are all
consummate psychologists who spend large amounts of time and energy
attempting to read the minds of others, especially as their beliefs and desires
pertain to ourselves. But working from a theory of mind also helps to explain
the causes of behaviors and events in the world more generally, particularly
within the social networks that define human life. A large body of research in
child development reveals the extent to which a mentalistic perception of the
world is present at birth and the degree to which it matures in a few short
years. In the crib babies favor social stimuli like faces and voices, and they
soon begin to follow the gaze of eyes and check nearby people for clues about

happenings. By the age of two children have mentally separated themselves
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from others, recognizing that those around them do not necessarily share their
own beliefs and desires. They also grasp the difference between psychological
and physical causality — in the realm of living things, actions can be caused

at a distance after all! Pretend play, which begins in earnest, openly attests to
the mentalistic world in which all humans live. By the age of four children
reach a final milestone in the development of their psychological apparatus by
coming to realize that other people can hold beliefs that they themselves know
to be false. This ability opens the door to the full-blown theory of mind
introduced earlier as well as to skills of deception and other rﬁental strategies

that comprise social intelligence.

As these three foundational domains of intuitive knowledge illustrate, there is
an expansive bundle of programs hard-wired into the human mind. These knowledge
bases are species-specific and rooted in innate mental mechanisms. While some
cognitive abilities require phases of maturation, it is impossible that these knowledge
bases could be acquired, to such depth and with such speed, from infants’ limited
experience of the world. Rather, people possess minds designed to immediately begin
recognizing relevant information about the environment. We are all intuitive
biologists, physicists, and psychologists. From an evolutionary standpoint, these
mental skills are crucial: intuitive biology provides detailed information about the
natural world; intuitive physics makes it possible for us to count on a stable, lawful

sphere of existence; intuitive psychology grounds the kind of intelligence it takes to
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interact with others. Natural selection has well equipped human beings with the
mental tools necessary for life in the cognitive niche.

The presence of intuitive knowledge not only allows babies to hit the ground
running but it also makes them (makes everyone, actually, regardless of age) ready
learners. Because babies are born with foundational knowledge bases, they are able to
assimilate a wide range of new information using these same intuitive systems.
Young children are not confused when they encounter an unfamiliar animal for the
first time because they already know what “animals” are like. Young children aren’t
shocked when a building madé of blocks topples over because that’s how “things”
work. Some young children are shy around othér people because they know that they
are being watched, and that’s normal too. The acquisition of a native language takes
place in the absence of grammatical instruction precisely because, as discussed
earlier, it depends upon yet another domain of intuitive knowledge. Such intellectual
feats in small children highlight the noncultural foundations of many forms of human
knowledge. True, grasping the principles of Euclid geometry or Husserlian
phenomenology may take a semester or two of intense formal instruction, but when it
comes to new information about the world at large, “commonsense” usually affords
all the education that people need.

Talk of the noncultural foundations of knowledge, then, extends beyond
natural kinds of thinking to natural ways of thinking; that is, to the cognitive
mechanisms responsible for recognizing and organizing information received from

the world. Think for a moment about the little considered but rather astounding
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process going on inside you at this very moment. All normal people see, hear, smell,
taste, and feel the world “out there,” but it’s really amazing that they do. Sight, after
all, is the result of nothing more than photons of light striking the retina. Hearing is
the result of slight changes of air pressure that cause vibrations in the eardrum. In all
areas of sensory perception the brain takes what is grossly impoverished stimuli and,
through an intricate process of translation and transformation, literally constructs an
accurate model of the world. The hidden nature of this mental construction project —
and our wonderment at it — escalates as the level of complexity is extended. Why do
you not only see the light reflected from a familiar face as a face but also know 7o
whom it belongs? Why are you able to quickly recognize someone from behind as
well as from the front? How can you picture someone who isn’t in view? How,
indeed, can you conceive of someone or something or some concept that doesn’t even
exist?

The starting point for the standard answer to questions about how we
construct worlds of real and imagined objects and ideas is that our minds take the
various forms of raw information — sensations, signals, communications, etc. — and
turn them into mental “representations.” A good definition of a “representation” is
hard to come by, but essentially representations are internal pictures or models
created by the mind that allow for beliefs, thoughts, and actions. The mind generates
these pictures and models using cognitive procedures that are hard-wired into the
brain. Cognitive psychology is all about discovering the processes that stand behind

our mental representations of the world. One of these complicated processes —
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pattern recognition — can be grossly simplified by imagining the mind as a kind of
virtual workshop containing grids, gauges, and tools ﬁsed to measure incoming
information and produce the proper representations. In this capacity the mind takes in
a few clues about real things in the world and builds mental replicas of them based on
patterns it already has on hand.

The subject of faces provides an excellent example of pattern recognition at
work because, given humankind’s gregarious past and present, our mental workshops
are hypersensitive to patterns that resemble faces. We see them everywhere — in
clouds, behind two blinking lights, on the surface of the moon, in the most arbitrary
splotches of ink. In his charming book Unweaving the Rainbow (1998) Richard
Dawkins describes a household experiment that illustrates the inexorable nature of
pattern sensors like the ones responsible for representing faces. Dawkins urges
readers to buy a rubber mask like those worn at Halloween. Set the mask up at the
oppose end of a room and look at it. When faced toward you, the mask obviously
looks solid, because it is. But when you turn the mask around so that the hollow side
faces out, a remarkable illusion takes place. Despite your knowledge that the mask is
hollow, and in spite of direct visual evidence reaching your retina that confirms that
the mask is hollow, your pattern sensor for faces is so powerful that it trumps all other
stimuli. The mental workshop naturally goes about its work of finishing the job and
produces a complete image. You cannot help but perceive the empty mask as a

haunting, solid face.
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The same kind of cognitive process is at work in the internal representation of
objects and ideas. Pascal Boyer speaks of another important supply of patterns found
in our mental workshops as “templates,” which help minds identify and organize
whaf is observed and learned (2001). Boyer referé to these templates as “ontological
categories,” which align nicely with one of the intuitive knowledge bases. These -
templates work like folders in a mental file cabinet, with one folder for each kind of
thing that exist in the world: Animal, Plant, Person, Natural Object, Artifact, and so
on. These templates make concept building easy because they allow us to file new
information rapidly and accurately. A young girl who encounters a giraffe for the first
time may find its figure comical and quite unlike anything she’s ever seen before, but
she has little trouble placing it in the correct folder: Animal. Her mind simply draws
out the template for Animal and creates a new concept, Giraffe.

What is particularly important about this system of ontological templates is
that each one already contains lots of information about the kind of thing it
represents. The Animal template, for example, includes general descriptions that
apply to all animals; natural, living, eats, moves, etc. These general descriptions are
very different from those found on the Artifact template, for instance, which includes
the information: not natural, inanimate, doesn’t eat, doesn’t move. Having
generalized knowledge like this allows the mind to spontaneously infer a host of
additional information when building new concepts. As the young girl sees the giraffe
for the first time, much more takes place in the creation of her Giraffe concept than

the acquisition of a new name. She also automatically adds to her new concept all of
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the information that applies to Animal in general. She may not know what a giraffe
eats specifically, but.she is quite sure that it does.

Conceptualization can also work backward from the generalized information
to the proper template; If Boyer tells you, as he does in his book, that “Zygoons are
predators of hyenas” and that “Thricklers are expensive” (2001: 58-59), you will
likely infer that in the first statement he is talking about an Animal and in the second
about an Artifact. These inference connections where made because the knowledge
that predators eat other animals automatically activated the Animal template, and the
knowledge that things are purchased automatically activated the Artifact template.
Furthermore, after you activate the proper template, additional inferences will
automatically be added to the original information, such as expectations about the
Zygoon’s other animal characteristics. This process of inference is also revealed
through the ease with which we create concepts of unreal or imaginary things. The
idea of a Ghost is easy to assimilate because it automatically activates all of the
inferences that apply to the category Person, save for the one that makes it unnatural:
not living.

Boyer refers to the networks of automatic connections that foster thought as
“inference systems” and shifts from the metaphor of templates to the reality of
cognitive inferences. Of course the mind doesn’t literally contain file cabinets and
templates, but it does think by utilizing complex inference systems. Through a
process of intuitive leaps and systematic generalizations the mind is able to go

beyond fragmentary information and build up rich representations. In fact, “the way
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people generalize is perhaps the most telltale sign that the mind uses mental
representations, and lots of them” (Pinker 1997: 86). The employment of inferences
and generalizations is one of the hallmarks of human cognition, accounting for the
speed, efficiency, and flexibility of thought.

Yet it is also important to see that inferences and generalizations proceed
along specific paths depending on the information given. The concept of an animal
does not naturally activate inferences about an object. Thinking about a person does
not naturally acti§ate inferences that apply to a plant. This means that thought is not
random but constrained in various ways. Two helpful terms for describing mental
activities like pattern recognition and inference are “bias” and “predisposition.” The
human mind has a disposition to process information along particular channels that
lead to predictable ends. This assures that representations remain constant — that
when you see a face it’s always a face rather than a cat or a rock and that if you
encounter a tiger in the wild you won’t assume it doesn’t eat. Randomness in the
generation of representations would be dangerous, not to mention utter madness.
Among the notable features of MHB 1.0, then, are default settings that guide
reasoning processes unless conscious effort is taken to override them.

Intuitive knowledge, pattern sensors, and inference systems are just some of
the programs and processes of thought, but they sufficiently demonstrate aspects of
human cognition that will be featured prominently in the next stage of this discussion.
First, having minds that are predisposed to think in consistent, predictable ways

means that all people everywhere build concepts using the same procedures and,
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ultimately, represent the world of things and ideas in very similar ways. This has
important implications for the study of culture and the ideas that people share. A
standardized mental operating system should result in, and consequently explain, a
wide range of common and persistent represeﬁtations.

Second, even a cursory look at the programs and processes of thought reveals
how the finished products of the mind owe their existence to hidden cognitive
mechanisms. One of the most significant findings of cognitive psychology is how
much of our thinking takes place below the level of awareness. Representations are
constructed in mental workshops outfitted with specialized machinery of all sorts,
each contributing to the project at hand. Most of this work is e}utomatic, rapid, and
incorrigible; only the finished product is made available, by means of a mental
dumbwaiter, to conscious inspection. Normally this process runs so smoothly that we
experience a perfect constancy of thought and perception. Only clever experiments or
tragic events like brain damage disclose how truly complex the simplest task can be.

Finally, the constructive nature of human cognition makes it clear that what
we often refer to as imaginative, abstract, or even sublime ideas rest on banal, garden-
variety forms of thought. We need not search for special cognitive processes to
account for “special” kinds of thinking. What people think is explained by how they
think. We can account for a great range of human ideas by connecting them to the
kinds Qf hard-wired programs and processes described above. Many of the marvelous
thoughts we humans entertain rise well above the level of brute existence, but they

can nevertheless be understood as by-products of cognitive skills and tacit forms of
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knowledge designed to accomplish more mundane calculations. This book, of course,
is concerned with explaining religious thought, a mode of thinking long deemed
“special.” Yet the new cognitive science of religion is demonstrating that religious
ideas and behaviors — some of the most sublime uses of the human mind — are

eminently tractable.
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CHAPTER III

MINDS, OTHER MINDS, AND THE MINDS OF GODS

What Do Gods Have to Do with the Brain?

Most people dissociate scientific inquiry and daily life. Science is interesting,
to be su;"e: natural history piques curiosity; anatomy and psychology intrigue; the
animal world stirs wonder and the physical world respect; speculation about human
origins draws attention from every quarter. Nevertheless, science is largely viewed as
something done in labs and universities by people who look peculiar and speak more
pecuhiarly still. While many people acknowledge that science leads to amazing
achievements like medicines and moonwalks, fewer readily agree that it informs the
deeper questions of human existence — how we live and move and have our being.

In one respect this is understandable. After all, should plate tectonics be
factored into your travel plans? Could knowledge of mental modularity save a
flagging dinner date? Would imi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>